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1 leau u 3aga4u AMCHUTTHHBI

Heap — mo3HaHUE COBPEMEHHBIX TEXHOJIOTUW M METOJIOB IMOJYYCHHS U 00pabOTKH
KOHCTPYKIMOHHBIX MAaTepuajoB, a TAK)KE IMO3HAHUE CBOMCTB 3TUX MAaTE€pUAJIOB B 3aBUCHUMOCTHU
OT COCTaBa, CTPYKTYPbl U OOpabOTKH, METOJIOB UX yNPOYHEHHUs sl HauOomee P(HEeKTUBHOTO
HCIIOJIb30BaHUS B TEXHUKE.

OcHoBHbIe 3a1a4u ucHUILINHBI «MaTtepuanoBenenue — TKM»:
- U3yYEHHE CYIIHOCTHU MTPOLIECCOB MOIYYEHUS METAJUIOB U UX CIUIABOB;
- U3YYCHHE OCHOB 3arOTOBUTEIILHOTO MIPOU3BOICTBA, METOAOB 00PaObOTKM METAIIJIOB JIaBJICHUEM;
- U3y4YE€HHE OCHOB CBAPOYHOTI'0 IIPOU3BOJICTBA U MOPOIIKOBOW METAJULYPIHH;
- YCTAaHOBUTbH 3aBUCUMOCTb MEKJ1y COCTaBOM, CTPOEHHEM U CBOMCTBAaMU MATEPHAJIOB;
- U3YYUTh TEOPHI0 W MPAKTHUKY Pa3IUYHBIX CIIOCOOOB YIPOYHEHHS MAaTEpHaNOB Ui
MOBBIIIECHUSHAIEKHOCTH U IOJTOBEYHOCTH AETaJei, MHCTPYMEHTA U U3JICIINI;
- U3YYUTb OCHOBHBIE TPYIIIBI COBPEMEHHBIX MaTepUaioB, UX CBOICTBA U 001aCTU NPUMEHEHUS;
- JaTh  TOHATUS O  COBPEMEHHBIX  METOAAaxX  MCCIENOBAaHUS ~ CTPYKTYpPhl U
MIPOTHO3UPOBAHUAIKCIUTYaTallHOHHBIX CBOMCTB MaTeprajIoB U U3EIHI.

2 MecTo JUCHHUILIMHBI B CTPYKTYpe 00pa30BaTeJbHOM MPOrpaMMbl
Hucuunnuna «MatepuanoBegeHue. TexHOIOrus KOHCTPYKLMOHHBIX MaTepHalioB) SBIISETCS
oOuienpogeccuoHaNbHON  JUCUMILUIMHOW B  CTPYKType 0Opa3oBaTeIbHOM  IPOrpaMMBbI.
«MarepuanoBeneHue. TeXHONOTHsSI KOHCTPYKIIMOHHBIX MaTEPHUAIOB OTHOCUTCS K 00s3aTeIbHON
yactu brioka 1. MarepuanoBegenue. TeXHOIOTHS KOHCTPYKIIMOHHBIX MaTEpPUAJIOB - OJHA U3
OCHOBHBIX TUCIIUILINH, ONPEACSIONINX YPOBEHb MOJTOTOBKM OaKaliaBpOB B BBICIIUX Y4YEOHBIX
3aBEJICHUSX. 3HAUYCHNE ITOW JUCHUIUIMHBI OIMpPEACNAeTCS UIMPOKUM JMANa30HOM MaTepuasos,
UCIIOJIB3YEMBIX B IPAKTUYECKOM JAESATENBHOCTH BO BCEX OTPACIAX HAPOJHOTO XO3SMCTBa.
JlocraTounble 3HAHUS, TONydeHHbIe B oOnactm «MarepuanoBeneHus-TKMy», TOKHBI
oOecrieunBaTh B MPOU3BOJCTBEHHBIX IPOIIECCaX palMoOHabHOE, YP(HEKTUBHOE HCIOJIb30BAHUE
MaTepHajioB MpHU COOIIOAEHUN TPeOOBAHUI SKOHOMUKH, SKOJIOTUU B OE30MIaCHOCTH TPYAA.

3 IlepeyeHb IUIAHHUPYEMBIX pe3yJbTATOB O00y4YeHUs] MO JUCHMIVIMHE (MOIYJIIO0),
COOTHECEHHDBIX ¢ MHAUKATOPAMHU JOCTHKCHUA KOMIIECTCHIIUU

BrinyckHuK nporpaMMbl OakanaBpuaTa ¢ IPUCBOEHUEM KBalu(uKauuu «OaxkaiaBpy» B
pe3yibTaTe OCBOEHUs AMCHUIUIMHBI «MarepuanoBeneHue. TeXHONOTUsT KOHCTPYKIIMOHHBIX
MaTepuaioBy IOJDKEH 00JIalaTh CICAYIOIMIMMH KOMIIETEHIIUSIMH, COOTBETCTBYIOIIMMH BHUIY
(BumaM) npodeccuOHANBHOMN J1eATEIbHOCTH, HAKOTOPBIN (KOTOpPbIE) OPHEHTUPOBAHA MIPOrpaMMa
OakanaBpuarta (Tadm. 1).

Taoauma 1
Koa mo ®1OC HNuaukaTops! nocTu:kenus | Ilinanupyemsblie pe3yabTaTbIO0YUYeHUs MO
aucuunjauxe (3YB)
OowmenpodeccnoHa/IbHBIE
OIIK-5. Crmocoben OIIK-5.1. comocTaBisieT 3HaTh:
HaxXOJaUThb U TCXHOJIOTHIO ITPOBEACHUA - OCHOBBI METAJUTYPIrUYE€CKOIrOIIPON3BOICTBA,
Hepepa6aTBIBaTB TUITOBBIX SKCIICPUMCHTOBHA - 3aKOHOMEPHOCTH IIPOLIECCOB
MH(pOpPMALHIO, CTaHIapPTHOM 00OPYI0BAHUH KPUCTAIUIH3AIMH U CTPYKTYPOOOpa30OBaHHUS
Tpedyemyo st B JIaDOPAaTOPHH U HA METAJIJIOB U CTIaBOB, OCHOBEI
NPUHATHS PEIICHUH B | IPOM3BO/ICTBE UX TepMOOOPaOOTKH, CIIOCOOBI 3AIUTHI
Hay4YHBIX OIIK-5.2. obpabaTbiBaeT METaJIOBOT KOPPO3UH;
HCCICAO0BaHUAX 1 B Pe3yJIbTATBI HAy4HO- - KJIACCHU(UKAIHUIO U CTIOCOOBITOTYYCHUSI
S KCCIIE/IOBATEIIbCKOM KOMIIO3HIMOHHBIX MaTEPHANIOB;
TEXHUYECKOM JIeATETIbHOCTH, UCIIONIb3YsI - TIPHHIATIB BEIGOPA KOHCTPYKIIHOHHBIX
JIeATEIbHOCTH, CTaH/IapTHOE00O0pyI0OBaHHE, MaTepHAJIOB /TSl IPAKTHIECKOTO
MPOBOUTE MATEHTHBIA | IPUOOPHI M MaTEPHUAITHI TpHMEHeHuS;
aHaIs3 1 TEaHCq)ep OIIK-5.3. Bnaneet TexXHmkoH | _ CTPOCHHUE U CBOMCTBAMETAIIIOB, METOIbI X
TEXHOJOTHI SKCIEPUMEHTHUPOBAHUS C T —
WCITOJIb30BAaHUEM TTAKETOB
HporpaMy - KJacCU(pUKAINIO MAaTEPHATIOB, METAJIOB 1

CIINTaBOB, UX obmacTu MIPUMCHCHUS

IIpodeccnonanbHble




IIK-2. Cioco6HOCTH
MPOBOJIUTH PaOOTHI IO
JIUaTHOCTHKE,
TEXHUYECKOMY
00CITyXKIBaHHIO,
PEMOHTY U
JKCILTyaTal[lH
TEXHOJIOTHYECKOTO
00opyIoBaHUS B
COOTBETCTBHH C
BBEIOpaHHOM cdhepoi
podeCCHOHATTEHOM
JICSATEIIbHOCTH

IIK-2.1. 3HaTH Ha3HAUYCHUE,
MPaBIJIAdKCILUTYaTalluu 1
peMoHTa HepTerazoBoro
o0opynoBaHus

[1K-2.2. 3HaTh IPUHITUATIBI
OpTraHM3aIMANA TEXHOJIOTHU
PEMOHTHBIX pabOT, METOIbI
MOHTaXa, PeryJIUPOBKH U
HaJIagKd 000pyTOBaHHS
[1K-2.3. ymets
aHAJIM3UPOBAThH MTAPAMETPHI
paboOTHI TEXHOJIOTHYECKOTO

obopymoBaHUs
[1K-2 4. YMEThb
pa3pabaThiBaTh UTUTAHUPOBATH
BHEJ[pEeHNE HOBOTO
o0opyaoBaHus
[IK-2.5. Bmamerpr MeTOIaAMU

JMAarHOCTHKHA M TEXHUYECKOTO
00CTyKUBaHUS
TEXHOJIOTHYECKOTO
obopymoBaHus (HApPYXKHBIH U

BHYTPEHHH  OCMOTpP) B
COOTBECTCTBUU C
TpeOOBaHUSAMHU
MPOMBIIIEHHON
0e30MacHOCTH H  OXpaHbl
TpyAa

- MeToJbl 00paboTKUMAaTEPHAJIOB;

- METOAMKY pacyeTa U Ha3HA4YCHUs PEKUMOB
pe3aHus IUTs pa3IHYHBIXBUAOB padoT.
Ymern:

- pacno3HaBaTh U KJacCU(UINPOBATH
KOHCTPYKLIMOHHBIE U

CBIPBEBBIE MaTEPHAIIBI IOBHEIIHEMY BHITY,
MPOUCXOXKICHUIO, CBOMCTBAM;

- ONpeneNsATb  BHUABl  KOHCTPYKIIMOHHBIX
MaTepHasoB;

- BBIOMpPATh MapKH MaTepHaa sl
M3TOTOBJIEHUA U3 HETO JeTajleil MalluH,
pac(poBKH MapOK OCHOBHBIX
MalIMHOCTPOUTEIbHBIXMATEPHAIIOB;

- ONpeAeysITh METOJ ¥ CIIOCOOTIONYYeHHS
3arOTOBKH C YYETOM IPUMEHIEMOTO
MaTepuaina u TpeOOBaHUH;

- BBIOMpATH CIIOCOO CBApKHU Hee MapaMeTphl
JUTISI COSTMHEHNS AeTalcH;

- MPOBOJUTH HCCIEIOBAHMS HUCTIBITAHHS
MaTepualoB, paCCUUTHIBATh U Ha3HAYATh
ONTHMAJIbHBIE PEKUMBIPE3aHH U T.11.
Baapern:

- METOJaMHU CTPYKTYpHOTOaHaJIM3a KauyecTBa
MaTEepHasoB;

- wH(pOpManuel 0 CBOHCTBaXU MPUMEHEHUN
Pa3IUYHBIX MaTepHaJIOB;

- HaBBIKaMU IPaBUIBHOIO BEIOOpA
MaTepHajIoB UCXOIN3 aHAIIN3a yCIOBUM
JKCILTyaTallH U TIPOU3BOJICTBA;

- HaBBIKAMH COCTaBJICHHS
TEXHOJIOTHYECKOTO MPOLIECCa3aroTOBOK U
MeXaHUYeCKol 00pabOTKH JeTaliei;

- HEKOTOPBIMH 5KCIEPHUMEHTAIBHBIMU
METOJIUKAMH U TEXHUKOH
MaTepUaTOBEAUECKHUX HCCIEI0BaHMIA;

- HaBBIKaMU paboThI ¢ TEXHUUYECKOH U
CIIPaBOYHOMINTEPATYPOIl U JOKyMEHTAIUEH;
- uHpopManueil o CBOUCTBaXH MPUMEHEHUH
Pa3IUYHBIX MaTepHaIIOB;

- HaBBIKaMU paboThI ¢ TEXHUUYECKOH U
CIIPaBOYHOMIMTEPATYpO U TOKYMEHTALUEN.

4 O0beM AUCHUILIMHBI U BUAbI YU4eOHOIi padoThl

Taoauma 2
Bcero Cemectpsl
Buj yue6Hoii padoThI 4yacoB/ 3a4.e]l. 7 8
(010]0) 300 (0J0]0) 300
KonTtakTHasi pa6ora (Bcero) 51/1,41 | 14/0,39 | 51/1,41 | 14/0,39
B toMm uncine:
Jlexuyn 17/0,47 8/0,21 17/0,47 | 8/0,21
JlaGoparopHble paboThI 34/0,94 | 6/0,17 | 34/0,94 | 6/0,17
CamocrosiTesibHasi padoTa (Bcero) 93/2,59 | 130/3,61 | 93/2,59 | 130/3,61
B tom umncne:




Pedepats

36/1

36/1

U (unu) opyaue 6uovt camocmosmenvbHou
pabomoi:

Temsbl AJi1 CaMOCTOATCIIbHOI'O U3y4YCHHUA

[ToaroroBka K J1adOpaTOPHBIM paboTam

21/0,59

94/2,61

21/0,59

94/2,61

HOI[FOTOBKa K 3a4€Ty

36/1

36/1

36/1

36/1

Bujg oruetHocTH

3aveT

3aqgeT

3a4yeT

3a4yeT

Oo01mast Tpy10eMKOCTh
AUCHMILINHBI

BCEI'O B uacax

144

144

144

144

BCEI'O B 3au.
eIMHHULAX

4

4

4

4

5 Copep:xkanue Iy CHUNTHHBI
5.1 Pa3aenpl AMCHUIIINHBI 1 BUALI 3AHATHI

Taoauna 3

HaunmenoBanue
pasjaeiia JUCUMILIMHBI
10 ceMecTpam

Jleki.
3aHATHSA
Jackbl
ODO/3D0

JlaGopar.
3aHATHS
yacel
0D0O/3P0

IIpak
3aH-v
4ackl

Cemun
3aH-1
Yachl

Bcero uacos
ODP0O/3D0O

CoBpeMeHHOE
MeTaJIyprudeckoe
MPOU3BOACTBO U €r0
MPOIYKIIUS.
IIpousBoacTBO
YYIr'yHA U CTAJIN.

2/2

4/2

6/4

Cnoco0bl pa3IuBKH
cTaan.Cnocoonl
MOBBLIIIEHUS] Ka4eCTBA
CTaJIH.

3aroToBMTEJILHOE U
IMTeHOe
MPON3BOJACTBO.

Texnonorns o0padoTku
METAJLI0B 1aBJICHHEM.
CBapouHoe
NPOU3BOJCTBO.

MeTanjabl. ATOMHO-
KpUCTALIHYeCKOe
CTPOEHHEMEeTAIOB.
7KeJjie30 M ero CiJiaBbl.

2/2

4/2

6/4

CBolicTBa MeTaJLJIOB.
Onpenesienune
MeXaHU4YeCKHX CBOICTB
MeTAaJIJI0B.

3/2

6/-

9/2

Teopusi 1 TEXHOJIOTUSA
TepMUYeCKOM
00padoTKHMETAJIIOB.

2/2

4/2

6/4

XMMHKO-TepMHUYeCKast
00padoTKa cTajan.
MeToab! YIPO4YHEHUSA
MeTaJLJIOB.

UToro

17

34

51/14




5.2 JIeKIIMOHHBIE 3aHATHSA

JINTEHOEeNPOU3BOACTBO.

Taoauna 4
e HaumeHoBaHue pasjaesa
/' AUCHHUILINHBI MO Coaeprxanue pa3jaeoB JUCHUIINHBI
ceMecTpam
1. |CoBpemeHHoOe KoHcTpyKLIMOHHBIE MaTepHalbl U UX KiaccuuKarus.
MeTaJLIypruyeckoe CtpyKTypa COBPEMEHHOI'O METAJIypPru4eCcKOro
NPOU3BO/ICTBO H €ro IIPOM3BOJICTBA.
NPOAYKIHS. OcHoBHas 1 M0OOYHAs MPOAYKILUS METAJUTYPrHYECKOTO
IIpou3BoACTBO YyIyHA M | [IPOU3BOJICTBA.
CTAJIH. Martepuainsl 115 JOMEHHOTO ITPOU3BOJICTBA.
[ToaroroBka pya K JOMEHHOM IIJIaBKE.
BrimiaBka uyryHa.
[IpoayKThl JOMEHHOH TUIABKH.
[Tporueccsl TpsIMOTo MOJIYUYEHUS JKeIe3a U3 pyA.
CoBpeMeHHbIE CIOCOOBI MOTyYSHHSI CTaIH.
CymHocTh npoliiecca NoJay4eHus CTalu.
[Tpon3BOCTBO CTAIM B KOHBEPTOPAX.
[Tpon3BOACTBO CTaNM B MapTEHOBCKUX I€YaX.
ITpon3BOJICTBO CTAIIM B BJIEKTpOIeyax.
2. |Cnoco0bl pa3IuBKH Crioco0bI pa3IMBKH CTaIH.
cTaan.Cnocoobl PaznuBka ctaiu B U3JI0KHUILY.
NOBBILICHHUS KAYeCTBA HenpepriBHast pa3nuska ctanu Ha MHII3.
CTaJIN. MoauduunupoBanue craiu.
O6paboTka MeTaIa CHHTETUUECKHUM IIIJIAKOM.
BakyymHas nerazauus ctai.
DNEeKTPOLUIaKOBbIH MEpEeTIaB.
BakyyMHO-1yroBoi reperuias.
Buemnne ¢puznueckre Bo3AeCTBUS Ha3aTBEPICBAIOIIHIA
MeTaJlI.
3. |3aroroBuTebHOE U Br160p MeTona u cioco0a noayyeHHs 3ar0TOBOK.

OO011e NpUHIUIBI BBIOOPA 3aTOTOBOK.

OcHoBHbIE (paKTOpPBI, BIUSIOLIME HAa BEIOOD criocoda
MOJTyYEeHHUS 3arOTOBOK.

KJ'IaCCI/I(bI/IKaIII/Ifl JINTBIX 3aTOTOBOK M JINTEHHBICCITIABEI.
Cxema noxy4eHus: OTIMBOK.

CnocoObl U3rOTOBIIEHUE TUTEUHBIX (POPM.
®opMOBOYHBIE U CTEP>KHEBBIE CMECH.




Texnonorns od0padoTkmn
METAJLI0B 1aBJIeHHEM.
CBapouHoe Npou3BOACTBO.

Knaccugukarus nporeccoB 00paboTKH TaBICHUEM.
ITpokaT u ero npou3BOJCTBO.
IIpeccoBanue.
Bonouenue.
KoBka u mramnoBka.
Caapka naBieHueM. Py4ynas gyroas cBapka.
ABTOMaTHUECKas TyroBas CBapKa moJ (prrocom.
JlyroBas cBapka B 3aILlUTHBIX ra3ax.
[TnasmeHHas U AJIEKTPOILIAKOBAas CBApKa.
JlydeBble criocoObl CBapKHU. DJIEKTPOHHO-ITyueBasi,
Ja3epHasl U ra3oBasi cBapKa.
Cpapka J1aBlI€HUEM U KOHTAKTHasl CBapKa.

1 Huddysnonnas ceapka. CBapka TpeHHEM U
B3PBIBOM.
2 CreunanbHble TEPMUYECKUE MPOLIECCHI B

CBAPOYHOM IIPOU3BOACTBC: HAIlJIaBKA, HAIIBIJICHHUC umamnka.

MeTanabl. ATOMHO-
KPHUCTALJINYECKoe
CTPOEHHEMETAJLJIOB.
7Kene30 u ero ciiaBbl.

[TpocTtpancTBeHHas! (KpUCTAIIIMUECKasi) PEeLIeTKa
METaJUIOB.

Pa3zHoBuIHOCTH U A€(DEKTHI KPUCTATUINYECKONCTPYKTYPbI
METaJUIOB.

Huddys3us B metamnax.

Krnaccudukanus MeTaioB.

Jnarpamma cOCTOSIHUSA XKeNe30-YIIIEPO.

KOMIIOHEHTHI U CTPYKTYpHBIE COCTABISIOLUINECUCTEMbI
JKEJIE30-YTIIIEPOI.

[IpeBpaleHus Ha TUHUAX JUarpamMMbl )KeJ1€30-yTIEpOI.
IIpaBuI0 KOHLICHTPALIUN U OTPE3KOB.

Knaccudukanus 1 MapkupoBKa cTajieil.

CBoiicTBa MeTaJLJIOB.
Onpenesienune
MEXaHM4YeCKHXCBOMCTB
METAJLJIOB.

dusznyeckue cBONCTBAa METAJJIOB.

XHUMHUYECKHE CBOMCTBA METAILIIOB.

MexaHn4ecKHe CBOMCTBA METAILIIOB.
TexHOJIOrHUeCKHE CBOMCTBA METAJIJIOB.
DKCIuTyaTalluOHHbIE CBOKMCTBA METAJLIOB.

Cnioco0sI omnpeieTIeHUsI MEXaHHYECKUX CBOMCTB.
Ornpenenenrie NPOYHOCTH U TUIACTUYHOCTH.
Ornpenenenne TBEpAOCTH, BI3KOCTU U yCTAIOCTHOM
MIPOYHOCTH.

Teopusi u TexHOJIOTHA
TepMHuYecKoii 00padoTku
MEeTAJLI0B.

Knaccugukanus BU0B TEpMUYECKON 00pabOTKH.
[IpeBparieHus, NpoTEKAOIINE B CTAU MPU HATPEBE U
OXJTaX/ICHUH.

Harpes npu Tepmoo6paboTke. XUMHUYECKOE IeHCTBHEHA
METAJIJT HarpeBaroIIEN CpeIbl.

Omxur. HazHaueHune U pa3HOBUIHOCTH.

3akanka. Haznauenue u criocoOsb!.

OTHYCI( cranu. Ha3zHaueHue u Pa3HOBHUIHOCTH.




8. | XuMHMKO-TepMHYeCKAas Llemenranms.

o0padoTKa cTajm. A30THpOBaHUE.
MeToabl yHpoYHeHUs [{nanupoBaHue WM HUTPOIICMCHTAIIUS.
MeTaJJIOB. Huddy3nonnas MeTau3arusi.

TepmomMexanndeckass 00pabOTKa CTaJH.
[ToBepxHOCTHOE YIPOUHEHHE CTAIBHBIX JETajei.
Crapenue.

O6paboTka cTaau X0JI0I0M.

Y1poyHeHre METOJIOM IJIACTHYECKOH JTehopMaIuu.

5.3 JIaGopaTopHble 3aHATHS

Taoauua 5
Ne HaumenoBanme pasaesna HaumenoBanue j1ad0paTopHbIX padoT
n/n AUCHUILINHBI
1 Kpucrannusanus MakpoCKONNYECKUI aHATIN3 CTPOEHHS METAJLIOB.
METAJLJIOB.
2 7Kesie30 u ero cniiasbl. Jlnarpamma cOCTOSIHUSI CUCTEMBI «KEJIE30-YIIIEPOI».
3 Kpucraanusanus Kpucrannmmuzauus 1 TepMUYECKUN aHAIA3 METAJUIOB.
METaJIOB.
4 Teopus u TexHo0rus TexHosorust TepMUUEcKoil 00pabOTKH yIiIepOAUCTHIX
TePpMHUYECKO 00padoTKM | cTajei.
CTAJIH.
5 Teopus u TexHo0rNs TexHonorust TepMHuecKoil 00paboTKU
TepMHYECKO 00padOTKM | JISTUPOBaHHBIXCTAJICH.
CTAJIH.
6 Mexanundeckue cBoiictBa | Crioco0bl olpeiesieHus TBepIOCTH METAJIJIOB.
MeTaJLJIOB.
7 Mexanundeckue cBoiictBa | CriocoObl onpe/ieneH st IpOYHOCTH,
MeTaJJIOB. YIOPYTOCTH UILNIACTUYHOCTH METAJIJIOB.
8 Mexanuyeckue cBoiictBa | Onpenenenne y1apHOi BA3KOCTH METAJIIIOB.
MeTaJLJIOB.
9 Texnonorus odpadorkn Pa3HOBHIHOCTH IPOKATHOTO MPOU3BOJICTBA!
METAJLJIOB 1aBJICHHEM. KOBKa MIITaMIIOBKa.
10 | CeapouHoe npou3BOACTBO. | PyuHas nyrosas u ra3osas cBapka.

5.4 IlpakTuyeckue 3aHATHS (He MPeIyCMOTPEeHbI Y4eOHbIM IJIAHOM)

6. CamocrosiTesibHasi pa0doTa CTY/I€HTOB 10 JUCIHMILIUHE.

Heabio camMocToOATEbLHON PadOThI sBIsAETCS (OPMUPOBAHWE IUYHOCTH CTYJICHTA,
Pa3BUTHE €T0 CIOCOOHOCTH K CaMOOOYYEHHIO M TIOBBIIICHUIO CBOETO MPOQECCHOHATHHOTO
YPOBHSI.

CamocrosTenpHass paboTa 3aKIIOYaeTCsl B M3YYCHHH COJEPXKAHHS TEeM Kypca II0
KOHCIIEKTaM, y4eOHUKaM M JOIMOJHUTEIBHOU IJIUTEpaType, MOATOTOBKE K JabOpaTOpHBIM U
MPAKTUYECKUM 3aHATHSAM, K PYOSIKHBIM KOHTPOJISIM, K 3K3aMeHy, o(hopMIICHUH J1a00paTOPHBIX
pabor. OHa MOXET BKJIIOYAaTh B ce0S NPAKTHKY MOATOTOBKH pedeparoB, Mpe3eHTaluid u
JOKJIaJoB MO0 HUM. Temaruka pedeparoB I0JDKHA MMETh MPOOJIEMHBIM U MpodheCcCHOHATBHO
OpPUEHTUPOBAHHBIN XapaKTep, TPEOYIOUI CaMOCTOATEIFHONM TBOPUYECKON pabOTHI CTYy IEHTA.

Tembl pedepartoB:
1. HM3rortoBieHue 3arOTOBOK METOIaMH MMOPOIITKOBOM METAILITYPIHH.
2. OnHOCTOpOHHEE M IByXCTOpOHHEE IpeccoBaHue. [ uapocraTuueckoe nNpeccoBaHue.



3. TIpokaTka Kak OJWH M3 CIOCOOOB OOPAaOOTKH METAJIOB U METaJUTHYECKUX
CIJIAaBOB/IaBJICHUEM.

4. BonoueHue, KOBKA U IITAMIIOBKA METAJLJIOB.

5. OOpaboTka METaJUIOB Pe3aHUEM.

6. BuOpoummyibCHBIE METOIBI 0OPaOOTKH METAIIIIOB.

7. O6ocHOBaHUE BEIOOpA METO/IA MTOTyYEHHSI 3aTOTOBOK.

8. JlomeHHBbI# TIpoIIECC.

9. KucnopoaHo-KOHBEPTEPHBIH MpoIecC.

10. I[Ipon3BOACTBO CTaly B MAPTEHOBCKUX IE€YaX.

11. DnexTpocTaneniaBuiIbHbIE IEYU U UX PA3HOBUIHOCTH.

12. Cxembl ¥ c10cOOBI PA3JIMBKU CTAU, UX JJOCTOUHCTBA U HEJJOCTATKH.

13. JIuTbe MO BBHIIUIABISEMBIM U BBDKUTAEMBIM MOJIETISIM.

14. JInTbe B KOKWIb U IO JABJICHUEM.

15. UsroroBiienue OTIMBOK IIEHTPOOESIKHBIM M HEMPEPHIBHBIM JIUTHEM.

16. Koppo3ust MeTayioB: pa3HOBUIHOCTH U METOABI OOpPBHOBI.

17. Komno3utHble MaTepuaibl B HAyKe U TEXHUKE.

18. DKcepuMeHTalIbHbIE METOJIbl IOCTPOCHMs AMarpaMM COCTOSHUM M aHaIu3 HX
OCHOBHBIXTHUIIOB.

19. ITopomikoBbie MaTepUaIbI.

20. TyromiaBkye METAJUIbI U CIIJIaBbl HA X OCHOBE.

21. loryueHre MOHOKPUCTAJIIIOB M aMOP(HBIX METAJLJIOB.

22. B3auMOCBS3b MKy COBEPIICHCTBOBAHUEM MAaTEPHUAIOB M Pa3BUTHEM HAYKU M TEXHUKH.

23. ®uU3NKO-MEXaHWYECKHE CBOICTBAa METAJIOB M  CHOCOOBI  OHpEIENeHHs HX
KOJINYECTBEHHBIXXAPAKTEPUCTHK.

24. HanomaTepuaiibl B COBpEMEHHOM MUPE: BpPeJl MJIH 0JIb3a.

25. IlpuMeHeHue KepaMUYEeCKUX MaTepHaloB B COBPEMEHHON TEXHUKE.

26. MeauuuHCKUE MaTepuallbl: TpeOOBaHUS K HUM U CBOWCTBA.

27. dTop-nosuMepsl: CBOMCTBA U IPUMEHEHHUE.

28. Hemerayuinuecknue MaTeprasbl.

29. B3aMOCBS3b MKy COBEPIICHCTBOBAHUEM MAaTEPHUAIOB M Pa3BUTHEM HAYKU M TEXHUKH.

30. TexHOJOTHSI TPOU3BOJICTBA JETAJIeH METOAOM MOPOIIKOBOW METAILUTYypIrHH.

IlepeyeHb y4eOHO-MeTOAMYECKOr0 OOeCHeYeHUsl sl CAMOCTOATEJbHOH PadoThI

CTY/1EHTOB:

1. Tlacroruna O.B. MarepuanoBenenue : ydebHoe nocobue / I[lactotmna O.B.. — MuHck
Pecny6Gnukanckuil HHCTUTYT npodeccnonanabHoro oopasosanus (PUIIO), 2020. —276 ¢. —
ISBN 978-985-7234-48-6. — TekcT : 3MeKTPOHHBIN // DNeKTpOHHO-OMOIMOTEeYHAsI CUCTEMA
IPR BOOKS : [caiir]. — URL: http://www.iprbookshop.ru/100385.html (nara obparienusi:
07.03.2021). — Pexum noctymna: A aBTOpU3HP. NOJIb30BaTeNeH

2. MenbuukoB A.I'. Marepuanosenenue : yueOHnoe mocobue ans CIIO / MensHuko A.l.,
XBopoBa M.A., UunkoB E.Il.. — Caparos : [IpodobpazoBanue, 2021. — 223 ¢. — ISBN
978-5-4488-0919-4. — TekcT : 2J€KTPOHHBIN // DnekTpoHHO-OMOIMOTeuHast cuctema PR
BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/99930.html (mara oOparenus:
07.03.2021). — Pexxum noctyna: 1 aBTopusup. nois3osareneil bonnapenko I'.I'. OcHOBEI
MmaTepuanoBeneHus: yueOnuk / bonnapenko I'.I'., KaGanosa T.A., Pri6anko B.B. — Mocksa:
JlaGopatopus 3Hanuii, 2020. — 761 c. — ISBN 978-5-00101-755-4.

7 OneHo4YHbIe CpeACTBA

7.1 Bonpocsl K nmepBoii pyOekHO# aTTecTauuu
1. Yro takoe koHCTpyKuMOHHBbIE MaTepHraibl (KM)? Knaccuduxarms KM.
2. CoBpeMeHHOE MeTaJLTypruieckoe MPOM3BOACTBO U €0 MPOIYKIIHS.


http://www.iprbookshop.ru/100385.html
http://www.iprbookshop.ru/99930.html
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Marepuainsl 111 JOMEHHOTO MPOU3BOJICTBA.

IToaroroBka pyx K JOMEHHOM IJIaBKE.

[Tpon3BOACTBO UyryHa. Y CTPOKWCTBO U paboTa JOMEHHOMN TEYH.
OcHoBHbIE U TOOOYHBIE TPOTYKTHI JOMEHHOM IJIaBKH.
OcHOBHbBIE COBPEMEHHbIE CIIOCOOBI MOTYYESHHSI CTAIH.
[TIpon3BOACTBO CTanu B KOHBEPTOPAX.

IIpon3BOACTBO CTAJIM B MAPTEHOBCKUX I€YaX.

. ITpon3BOCTBO CTAIM B AIIEKTPOIECUAX.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

CriocoObl pa3yuBKH CTaJH.

Marepuanosenenne. OO01as XapakKTepruCTUKa METAJIIOB.

ATOMHO-KPUCTAJUIMYECKOE CTPOCHUE METAJLIOB.

JleeKThl KpUCTATUINYECKOH CTPYKTYPBI METAJIIIOB.

Huddysus B meTanmnax.

Knaccudukanus MeTamioB.

ODHEepreTudyecKue yCluoBUs IPoLecca KpUCTaUIM3aALNH.

Mexanusm mnporecca KpUCTAIUIU3ALNH.

["'oMoreHHO€ 1 reTeporeHHoe 3apoAble00pa3oBaHue.

MonuduunpoBaHue MeTaJlIOB.

[TonmumopdHbIe mpeBpalieHus B MeTaulax.

dopmMa KpUCTAIIIOB U CTPOEHUE CIIMTKOB.

[TonsiTre o cruiaBax U MeToAax UX noirydeHus. OCHOBHBIE ITOHATHS B TEOPUH CILIABOB.
Oco0OeHHOCTH CTpOEHUS, KpUCTAUIM3AallMd U CBOWCTB CIUIABOB: MEXAHUYECKUX CMeECEH,
TBEPABIX PACTBOPOB, XMMUUECKUX COCAMHEHUN

JnarpamMma cOCTOSIHUS ABYXKOMIIOHEHTHOI'O CILJIaBa.

[TopsiIOK MOCTPOEHUS TMarpaMM COCTOSIHHS CILIABOB.

OCHOBHBIE TUIIBI IMArPaMM COCTOSIHUS CIIJIABOB.

CBsI3p MEXJy CBOMCTBAaMHU CIIJIABOB M THMIIOM AMarpamMmbl cocTostHus (mpaBuwio KypHakoBa
H.C)

Juarpamma coctosiHus xene3o - yriaepoa. Komnonentst cucremsl Fe—Fe3C.
XapakTepucTUKa CTPYKTYPHBIX COCTaBISIOUIMX cuctembl Fe—Fe3C.

[TpeBpamienus Ha muHUAAX auarpaMmsl Fe — Fe3C.

CrpykTypsl u ¢a3el Ha quarpamme Fe — Fe3C.

IIpaBu0 KOHLICHTPALIMI U OTPE3KOB.

Knaccugukanus 1 MapkupoBKa yIriIepOJUCTBIX CTajIeH.

Bunb! neopmaniuii 1 HanpsKEHUH.

[TnacTuueckas nepopmanus.

MexaHu3M mIacTH4ecKoi nedopmanuy MeTalIoB.

MexaHu3M 1epOpMallmOHHOTO YIIPOYHEHUSI METAIIIIOB.

BiusHue HarpeBa Ha cTpoeHue 1e(OPMUPOBAHHOTO METAJLIA.

OcCHOBHBIE CBOHCTBA METAIJIOB: (PU3MYECKHE, XUMUUECKHE, MEXaHUYECKHE, TEXHOJIOTHYECKHE
Y DKCIUTyaTallMOHHBIE.

MexaHnuyeckoe pa3pyLIeHUe TBEPABIX TEIL.

Pa3pymenue maTepuaioB B mpolecce N3Hoca.

Koppo3noHHoe pa3zpyluieHne MaTepuanos.

CniocoObl MOBBIIEHUS! KOHCTPYKIIMOHHOM MPOYHOCTH MaTepUaOB.

IIpoYHOCTE ¥ MIACTUYHOCTH U METOMBI UX ONPEACICHHUS.

TBepmocTb. MeTobl onpeieIeHue TBEPAOCTH.

Bsaskocte. Onpenenenue BI3KOCTH U €€ 3aBUCUMOCTb OT TEMIIEPATYPHI.
BeiHOCITMBOCTE. OCHOBHBIE XapAaKTEPUCTUKU BEIHOCIUBOCTH.

Knaccugukarus BU10B TepMUUECKOH 00pabOTKH.

IIpeBpalieHus, NPOTEKAOIIME B CTAIM IIPU HArPEBE U OXJIAKICHUU.

Harpes npu Tepmoo6paboTke. XuMHUYECKOE BO3/IEHCTBHE HarpeBarolieicpe/ibl Ha MeTall.



52. Omxur u HopManuzanus. HazHaueHue u pexxumel.

53.

PN R

3akanka. Haznauenue u BUbl. 3aKaJOYHBIE CPEIbI.

T'PO3HEHCKHH I'OCYJAPCTBEHHbBIH HEDQTAHOU TEXHUYECKHUH

VYHUBEPCUTET

Buier k 1-oi py0exHoii arrectanmuu Ne 1

Hucrunnmna Matepuanogpenenue - TKIM
N> TI'pynma HP,Hb _ cemectp 5

1. Korcrpykumnonnsie matepuaisl (KM) u ux KH;CI/I(l)I/IKaL[I/I}I.

2. ATOMHO-KpHCTaJLINYECKOE CTPOCHUE METAILIOB.

YTBEPXAIO:

« » 20 r 3aB. kadenpoii

7.2 Bonnpochl KO BTOPOil py0e:xHOI aTTecTanuu

HpOI/ISBO,I[CTBO OBCTHBIX MCTAIJIOB. K.]'IaCCI/I(bI/IKaI_II/IH OBCTHBIX MCTAJJIOB.

[Ipon3BOACTBO ATFOMUHUS.
IIpousBoncTBo Meu.
[Ipon3BoaCTBO MarHus.
IIpon3BoaCTBO HUKES.
[Ipon3BOACTBO THUTAHA.
JIureitHoe npou3BoacTBO. Kinaccuukanus IMThIX 3ar0TOBOK.

JIuteiiHble cIIaBbl U UX JUTEHHbIE cBOMCTBA. CIIOCOOBI JIUTHS.
Texnonorus o6padotku naBinenueM. Kinaccudukanus cnoco6oB 00paboTKU 1aBICHUEM.

[Tpoxat u ero nmpousBoicTBO. CriocoOBI MPOKATKH.

. O6opynoBaHue U MPOAYKLHUS MPOKATHOTO MIPOU3BOJICTBA.
. IIpeccoBanne. TexHOIOTUS U IPOAYKIHS IPECCOBOTO MMPOU3BOCTBA.
. Bonouenue. TexHONOTHsI BOJOYEHHS U €70 MPOAYKLHUS.
. KoBka. Cioco0b! 1 TexHonorust KoBku. O00opyaoBaHueE 1151 KOBKU U €€ MPOIYKIHS.
. O6beMHas mTaMnoBka. Busl IITaMIIOBKH.

CapouHoe mpoun3BoAcTBO. CrIOCOOBI CBapKH.

. KoMmozuiimonnpie MaTepuansbl.

. Marepnansl MOpOIKOBON METaJLIyPIrHH.
. CniocoObI 3aKajKy CTalu.

. Otnyck cranmu. OcHOBHOE 000pYAOBaHUE JIJIsi TEPMHUYECKON 00pabOTKH.
. XUMHKO-TepMuUecKas 00paboTka. HazHaueHne 1 OCHOBHBIE BUJIBI.

. HemenTarus. CriocoObl lIeMEHTallMU U TepMO0OpabOTKa Mocie Hee.

. AzotupoBanue. HazHaueHue v pa3HOBUIHOCTH.

. llmannpoBaHre 1 HUTPOLIEMEHTAITHSI.

. Audbdy3nonnas Merannu3amms.

. Tepmomexanuueckas o0paboTKa cTaiu.

. [loBepxHOCTHOE YNIPOYHEHUE CTAIBHBIX JIeTaleH.

. 3akasika TBY u ra3omiasmeHHas 3aKaika.

. Crapenune. HazHaueHue 1 pa3sHOBUAHOCTH.

. O6paboTKa cTanu X0J0I0M.

. YIpouHeHHe METO/I0M IIJIaCTUYECKOM nedopmanuu.

. KoHCTpYKIIMOHHBIE CTaTN M MX Pa3HOBUIHOCTH.

. BnusiHue yriepona Ha CBOHCTBA KOHCTPYKIIMOHHBIX CTaJeH.
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Tunsl mpuMeceil 1 UX BIMSHUE HA CBOMCTBA CTAJICH.

JlerupoBaHHBIE  CTaJIH. Ha3nauenne  Jsierupyrommx
anemenToB.Knaccudukanus 1erupoBaHHBIX CTaJeH.

BnusiHue ernpyronmx 3JIeMEeHTOB Ha MOJIMMOPHU3M Kee3a.

BnusiHue nerupyronux 3;1eMeHTOB Ha (a30Bbie IPEBPALICHUS B CTANISX.
LlemeHTyeMble U ylTydlIa€Mbl€ CTAIIH.

BricokornpouHsble, NpyKUHHBIE U IIAPUKONOJIIUITHUKOBBIE CTAIIH.

Cranu 11t n3enuii, paboTaroIuX IpU HU3KUX TEMIIEpATypax.
N3HOoCOCTOMKHME 1 aBTOMATHBIE CTAJIU.

OObIuHBIC M OBICTPOPEXKYIINE CTAIH AJISI HHCTPYMEHTA.

Cranu 11t U3MEPUTENIbHBIX HTHCTPYMEHTOB U IITAMIIOBBIE CTAJIH.
TBepaocmiaBel U anMa3 Kak MaTepual JUisi U3TOTOBJIEHUS HHCTPYMEHTOB.
KopposuonHo-croitkue crtanu. Kimaccudukamusi KOppo3nOHHO-CTORKHX CTaJICH.
KapocTOMKOCTh, KAPOCTOUKHE CTAIIN U CIUIABBI.

KaponpoyHocTh, KapoONpOYHbIE CTadd U  CIUIABBI.
KnaccudukanusixapornpouHbIX cTajaei U CIUIaBOB.

Uyryn. ['padutuzanus uyryHoB. BausHue coctaBa yyryHa Ha mnpoiiecc rpaduTu3aiuu.
Bnusaue rpadura u mpuMeceid Ha MEXaHUYEeCKHE CBOWCTBA YYTYHOB.
Crtpoenue u kinaccupuKaus 4yryHoB.

Cepsiii uyryH. CBoiicTBa, MapKupOBKa U Te€pMOOOpadOTKa.
BbIcOKOTIpOUHBIM YyryH € IIAPOBUIHBIM TPadUTOM.
CBoiicTBa,MapKHUPOBKA U TEPMOOOPaOOTKA.

KoBkwuii uyryn. CoiicTBa, MapKupoBKa U TepMooOpaboTKa.

[IBeTHBIC MeTAIIIBI. AJIIOMUHUN U €TI0 CIUIABBI.

Menp u ee cruiaBbl.

TuTaH u €ro CrjaBbl.

Maruuii 4 ero CIjaBbl.

Komno3unmonHbsie MaTepHransl.

Matepurasl HIOPOIIKOBOM METAJTyprUy.

T'PO3HEHCKUH I'OCYJAPCTBEHHbBIH HEDTAHOH TEXHUYECKHUU

YHUBEPCUTET

Buier k 2-oi py0exHoit arrecranmuu Ne 1

JucuuniamHa MatepuajoBeieHue -

el S

TKM
N5_ TI'pynma HP,Hb _ cemectp S
1. JIuteitnoe mpou3BoacTBO. Kitaccudukanus IMThIX 3arOTOBOK.
2. XuMuKo-TepMuyeckas oopadorka. Haznauenue u
ocHoBHEIE BuAbL. Y TBEPXKIALO:

« » 20 1. 3aB. kadenpoii

7.3 Bonpocsl K 3a4eTy (3K3aMeHY)
Yro takoe koHCTpyKImoHHbIe MaTtepuaisl (KM)? Knaccudpukanus KM.
CoBpeMEHHOE METAJUTyPru4ecKOe IPOU3BOJACTBO U €0 MPOLYKIIHSL.
Martepuainsl 17151 JOMEHHOTO ITPOU3BOJICTBA.
[TonroroBka pyz K JOMEHHOM IUIaBKE.



)]

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

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.

[Tpon3BoaCTBO UyryHa. Y CTPOKWCTBO U paboOTa TOMEHHOMN TIEYH.

OcHOBHBIE M TOOOYHBIE MPOAYKTHl JOMEHHOM IUIaBKU. BakHeimme TeXHHKO-
9KOHOMHYECKHUE [10Ka3aTeNIn JOMEHHOM neyn.

[TpousBoacTBo cranu. IIponeccs! npsMoro noayyeHus kenes3a us py .

OCHOBHBIE COBPEMEHHBIE CIIOCOOBI OJIyUYEHHs! CTaH.

[TIpon3BOACTBO CTanu B KOHBEPTOPAX.

[Tpon3BOCTBO CTAIM B MAPTEHOBCKUX I1€YaX.

[Tpon3BOJACTBO CTaIM B AJIEKTPONEYAX.

CriocoObl pa3yuBKH CTaJH.

[Tpon3BOICTBO IIBETHBIX METAIIOB. Kitaccu(uKamms 1BETHBIX METAJIOB.
[Tpon3BOACTBO AJIFOMUHHUSL.

[Ipou3BOACTBO MEIH.

[Tpon3BoCTBO MarHusl.

IIpou3BOACTBO HUKEIIS.

[Tpon3BocTBO TUTaAHA.

Kpucrannuzanus MeTamioB. DHEpreTH4ecKue yCIOBUS MPOLECCAKPUCTAIIIN3ALUY.
MexaHu3M Iporecca KpUCcTalI3aliH.

CaMonpou3BoIbHOE (romoreHHoe) u reTepOreHHoe 3apo/iblllIe00pa3oBaHueE.
MoauduurpoBanue METaLIOB.

Kpucrannuzanus 1 cTpoeHUE CTaJIbHBIX CIUTKOB.

JedexTsl cTanbHbIX cIUTKOB. CrIocOOBI MOBBIIIEHUS KaUeCTBa CTaJIH.

Bueneunas o6paboTka cranu. Bakyymnas aera3arust craiy.

DJeKTPOIUIaKOBBIN NeperuiaB cTaiau. BakyyMHO-yroBoil nepeniaBcTaim.
Crioco0b1 pu3muecKoro BO3ACHCTBHSI HA MPOLECCH KPUCTAJUTA3ALINH.
3aroToBUTENBHOE NTPOU3BOACTBO. BBIOOp MeToa 1 crioco6a noy4yeHusa3aroTOBKH.
Jluteitnoe npousBoacTBO. Kitaccugukanus TMThIX 3ar0TOBOK.

JluTelinple cri1aBbl M UX JTUTEHHBIE CBOMCTBA.

Cxema nony4eHust OTJIMBOK. M3roroBienne nuTelHbIX GOpM U CTEpKHEH.
CriennanpHble cr1oco0b! IUThS. JINThe B 000I04YKOBBIE U METAIITNYECKUE()OPMBI.
JIuThe 1o BBHIILIABISEMBIM U BBDKUTAEMBIM MOJIEIISIM.

N3rotoBneHre OTIMBOK HEHTPOOESKHBIM JIUTHEM U JIUTHEM I10/1/1aBJICHUEM.
N3roroBieHne OTIMBOK AJIEKTPOLLIAKOBBIM U HENIPEPHIBHBIM JINTHEM.

JleeKThl OTIIMBOK U UX UCIIpaBIICHUE.

Texnonorust 06padoTku AaBieHuem. Knaccudukaims cnoco6oB o0pabOTKH 1aBICHUEM.
[TpokaT u ero nmpon3BoAcTBO. CrIoCOOBI MPOKATKH.

O6opynoBaHue U MPOAYKIUS IPOKATHOTO ITPOU3BOJICTBA.

ITpeccoBanue. TexHONMOrUS U IPOAYKIIMS IPECCOBOTO MPOU3BOACTBA.

Bomouenune. TexXHOIOTHs BOJIOYEHHSI U €TI0 ITPOTYKIIHSL.

KoBka. CriocoOsl u TexHonorus KoBku. O60py0BaHuEe I KOBKU U €eTIPOIYKIIHS.
O0BeMHast mTaMIOBKa. BUIBI IITaAMIIOBKH.

CaapouHoe mpou3BoicTBO. CriocoObl CBapKH.

Caapka riaBiieHHeM. Pa3HOBUIHOCTH yTOBOM CBapKHU.

Pyunas nyroBast cBapka.

ABTOMaTHUECKas AyroBasi cBapka Mo (hJarocoM U B 3alUTHBIX ra3ax.

[TnasmeHHas U 3JIEKTPOILIAKOBAsI CBAPKA.

DNEeKTPOHHO-TTyueBas 1 Ja3epHas CBapKa.

["a3oBast cBapka M cBapKa JaBJICHUEM.

KonTakTHas u quddy3nonHas cBapka.

CBapka TpeHHEM U B3pPBIBOM.

CriennanbHble TEpPMUYECKHE MTPOLIECCH] B CBAPOYHOM MPOoU3BoIcTBE. HanbuieHue u naiika.
KoMno3unmoHHble MaTepHrasl.

Marepuabsl HOPOIIKOBOM METAJIITYPrHUH.
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Marepuanosenenue. O01Ias XxapakTepUCTHKA METAJLIOB.

ATOMHO-KPUCTAJUIMYECKOE CTPOEHUE METAJIIOB.

JledeKThl KpUCTAIITUYECKON CTPYKTYPhl METAJLIIOB.

Huddysus B merannax.

Knaccudukanus meTanios.

DHepreTuyecKue ycioBus Ipolecca KpucTaliIn3aluu.

Mexanusm mpolecca KpUCTaIu3aluu.

["'oMoreHHO€E U reTepOreHHOe 3apoAblIIe00pa30BaHuUE.

MonudunrpoBanrue METaIOB.

[TonmumopdHbIe MpeBpalieHus B METauIax.

dopmMa KpUCTAIJIOB U CTPOEHUE CIIUTKOB.

[TonsiTue o craBax U MeToAax UX MoyiydeHusi. OCHOBHBIE TOHATHS B TEOPUU CILIABOB.
Oco0OeHHOCTH CTPOEHHS, CBOWCTB M KPUCTAJUIM3AI[MHM CIUIABOB: MEXaHUYECKUX CMeEceH,
TBEPABIX PACTBOPOB, XUMUYECKUX COEIUHEHUM.

JuarpamMma coCTOSIHUSL ABYXKOMIIOHEHTHOTO CILJIaBa.

[Topsiiok MOCTpOEHUS IUarpaMM COCTOSIHUSI CIIJIaBOB.

OCHOBHBIE THUIIBI JUATPAMM COCTOSIHUS CILIABOB.

CBs13p MeX/ly CBOWCTBaMHU CIUIABOB M THIIOM JHarpammbl cocTosiHUs (mpaBuiio KypHakosa
H.C.)

Juarpamma coctosiHus xene3o - yraepol. Komnonentsl cucremsl Fe—Fe3C.
XapakTepucTuKa CTPyKTYPHBIX cocTaBiisronux cucremsl Fe—Fe3C.

[TpeBparenus Ha nuHuAX nuarpamMmsel Fe — Fe3C.

CrtpykTypsl u ¢a3el Ha guarpamme Fe — Fe3C.

[IpaBuiO0 KOHIEHTPALMI U OTPE3KOB.

Knaccudukanus 1 MapkupoBKa YTrIIEpOJUCTBIX CTaICH.

Bunp! neopmaniuii 1 HanpsHKEHUH.

[Tnactuyeckas nedopmarms.

MexaHu3M maacTHueckoi nedopmanuy MeTaioB.

MexaHu3M 1epOpMallmOHHOTO YIIPOYHEHUSI METAJIIIOB.

BnusHue HarpeBa Ha cTpoeHHe 1e(OPMUPOBAHHOTO METAJLIA.

OcHOBHBIE ~ CBOWCTBA  METaIOB:  (PU3MUECKHE,  XUMHMYECKHE,  MEXaHUYeCKue,
TEXHOJIOTMYECKHE U IKCIUTyaTallHOHHBIE.

MexaHnyeckoe pa3pyLIeHHE TBEPABIX TEI.

Pa3pymienne marepuanos B mpoiiecce u3Hoca.

Koppo3uonHoe pa3pyiieHue Matepranos.

CriocoObI MOBBINIEHUS! KOHCTPYKIIMOHHON POYHOCTH MaTepHAIIOB.

[TpoyHOCTP U TUIACTUYHOCTH U METOJIbI UX OIPE/IECTICHHUSL.

TBeprocts. MeToibl OnpeiesIeHue TBEPAOCTH.

Bszkocte. Onpenenenue BI3KOCTH U €€ 3aBUCUMOCTb OT TEMIIEPATYPHI.
BriHOCITNBOCTB. OCHOBHBIE XaPAKTEPUCTUKH BEIHOCIMBOCTH.

Knaccudukanus BUoB TepMUUECKOl 00pabOTKH.

ITpeBparienus, IPOTEKAOIINE B CTAIH IIPU HATPEBE U OXJIAKACHHUH.

Harpes npu TepmooOpadoTke. XMMHUECKOE BO3/IEHCTBHE HArPeBAKOIIEH Cpeibl Ha METaL.
Orxur u HopMmanu3zauus. HazHaueHne u pexxuMmsl.

3akanika. HazHaueHue v BUAbL. 3aKAIIOYHBIE CPEJIbI.

CriocoObI 3aKallky CTaJIH.

Otmyck cranu. OCHOBHOE 000pyTI0BaHUE TSl TEPMUUYECKON 00paObOTKH.
XuMHKO-TepMuUecKas 00padoTka. HazHaueHne 1 OCHOBHBIE BUIBI.

100. [lemenTanumsi. CiocoObl IIEMEHTAIIUU ¥ TepMOOOpabOTKa mocye Hee.
101. AzotupoBanue. Haznauenue u pa3sHOBUAHOCTH.
102.[lnaHnpoBaHNE U HUTPOLIEMEHTALINS.

103. Auddy3roHHas MeTamIu3arus.



104. Tepmomexanuueckas o00paboTKa CTalu.

105.1IoBepXHOCTHOE YIIPOUHEHHUE CTAIBHBIX JETAIEH.

106.3akanka TBY u razonna3MeHHas 3aKkajika.

107.Crapenune. HaznaueHnue v pa3HOBUIHOCTH.

108.06paboTka cTaau X0JI0I0M.

109. YpouneHne METOAOM IJIACTUYECKOH JieopManuu.

110. KoHCTpYKIIMOHHBIE CTAIM U UX PA3HOBUIHOCTH.

111.Bnusinue yriaeposaa Ha CBOWCTBAa KOHCTPYKIIMOHHBIX CTaJIEH.

112. Tunel npuMece U UX BIMSAHUE HA CBOMCTBA CTaJICH.

113.JlerupoBannbie  ctanu. Ha3zHaueHue  JErHpPyOMIUX  AJIEMEHTOB.
JITUPOBAHHBIX CTaJIEH.

114. BnusiHue 1erupyonmx 3JIeMEeHTOB Ha MOJIMMOP(PU3M Kene3a.

115. BnusiHrE Nerupyomuyx 3JIeMEHTOB Ha (a30BbIe IPEBPAILICHUS B CTAJISX.

116.1lemeHTyEeMBIE U YIyUIlIa€Mble CTAJIH.

117. BeicokonpouHsble, MPY>KUHHBIE U ITAPUKOIIOAIIUITHUKOBBIE CTAIIH.

118. Cranu st uzaenuid, paboTaromuUX TPU HU3KUX TEMIIEpaTypax.

119.13HO0COCTOMKME 1 aBTOMATHBIE CTAJIH.

120. OO0bIuHBIE U OBICTPOPEKYILNE CTAIU 11 HHCTPYMEHTA.

121.Cranu a1 U3MEPUTENIbHBIX HHCTPYMEHTOB U IITAMIIOBBIE CTAJIH.

122. TBepaociuiaBsl ¥ aMa3 Kak MaTepHall 1jsl U3rOTOBJIEHUS UHCTPYMEHTOB.

Knaccudukanus

123. KopposuonHocToiikue ctaiu. Kinaccudukanus KOppo3HOHHOCTORKHUX CTaJICH.

124.7KapocToiikoCcTb, KapOCTOMKHUE CTAJIN U CILJIABBI.

125.KaponpoyHocTh, KaponpoyHble CTalu U cIuiaBbl. Kitaccuukanus kapornpoyHbIX cTaie u

CIIJIaBOB.

126.Yyryn. I'paduruzanus uyrynoB. BiusHue coctaBa yyryHa Ha nporeccrpaduTu3anim.

127. Bnusinue rpagura 1 npuMeceid Ha MEXaHUYECKHE CBOMCTBA UyTyHOB.
128. Ctpoenue u kiaccudukanus 4yryHoB.
129. Cepsriit uyryH. CBoiCTBa, MapKHUPOBKA U TEPMOOOPAOOTKA.

130.BbicokonpouHblii  4YyryH ¢ mIapoBUIHBIM rpadutoM. CBOICTBa,

TepMO0OpadboTKa.
131.KoBkuii uyryn. CBoiicTBa, MapKUpOBKa U TEPMOOOPAOOTKA.
132.11BeTHBIC METAIITBI. AJTIOMUHUN U €TO CIIaBHI.
133.Menp u ee CruiaBbl.
134.TutaH u ero CIuaBbl.
135.Marnuii u ero cIiuiaBsbl.
136. KoMno3uinoHHbIe MaTepUabl.
137.Marepuaibl IOPOIIKOBON METAJUTYPrUu.

MapKUpOBKa M|

T'PO3HEHCKUH I'OCYJAPCTBEHHbBIH HEDTAHOH TEXHUYECKHUU

YHUBEPCUTET

Buier k 2-oi py0exHoii arrectanmuu Ne 1

Hucrunnmna Matrepuanosenenue - TKIM
N5__ TI'pynma HP,Hb __ cemectp S
1. CoBpeMeHHOE METAJUTYPrU4eCcKO€e MPOU3BOJICTBO U €r0 MPOTYKIIHS.
2. Knaccugukanus BUIOB TEPMUYECKON

ob6pabotku metamio. Y TBEPXKIALO:

« » 20 1. 3aB. kadeapoii




7.4 Texymmii KOHTPOJIb

JladopaTopnasi padora Nel mo TKM
MAKPOCKOINMWYECKHI AHAJIN3 METAJLJIOB

Iens padompi: n3yyeHre BIUSHIS XMMUYECKOTO COCTaBa ¥ PA3JIMYHbBIX BHJIOB 00pabOTKH
Ha CTPYKTYpPY METAJJIOB; BBIABJICHHUE JE(PEKTOB, HAPYIIAIONIMX CIUIOIIHOCTh METAIUIOB;
OTIpeNIeJIeHUE JTUTON CTPYKTYPhl M XUMHUYECKOH HEOAHOPOJHOCTH METAJUIOB; U3Y4YEHUE U3JIOMOB
METAaJUIOB.

Jlabopamopnoe o060pyoosanue u mamepuanpl: MUKPOCKON; JIYIbI; KOMIUJIEKT
MaKpOILTH(OBHU3 PA3INIHBIX METAIUIOB; HA00P PoTorpaduii MaKpOCTPYKTYP.

Kparkue TeopeTnyeckue cBeeHus Mo TeMe

Maxkpockonuueckuil ananiu3 (MaKkpoananu3) 3aKIOYaCTCs B U3YYCHUN OOILETO CTPOCHHS
MeTajula IMyTeM IPOCMOTpPa €ro M3joMa WM CIEHUATbHO TOATOTOBIEHHOW ITOBEPXHOCTH
HEBOOPY>KEHHBIM TJIa30M WU MNpU HEOOJbIIUX yBenudeHusx — a0 30 pa3. DTo MO3BOJSIET
HaOJII0aTh OJHOBPEMEHHO OOJIBIIYI0 MOBEPXHOCTh M TOJYYHTH MpeAcTaBieHHe 00 oOmieM
CTPOCHUU METAJUIa U O HAIMYHUU B HEM ONPECICHHBIX NeeKTOoB. MakpoaHalu3 HE OmpeaeiseT
NOIPOOHOCTEH CTPOCHUS M YACTO SIBISETCS MPEIBAPUTEIBHBIM, HO HE OKOHYATEIBHBIM BHJIOM
UCCIICIOBaHMS. XapaKTepus3ysh MHOTHE OCOOCHHOCTH CTPOCHHS, MaKpOaHAIU3 MO3BOJISET
BBIOpAaTh TE€ YYAaCTKH, KOTOpbIe TPeOyIOT NalbHEHIIEro MHKPOCKOMUYECKOTO HCCIIETOBAHMS.
CtpoeHue MeTalJIOB U CIUIABOB,  OMpEAENIeHHOE TakuM  00pa3oM,  Ha3bIBaeTCs
MAKpoCmpyKmyporo.

MakpoaHani3 TNPUMEHSIOT JJIsS BBISIBJICHUS B METaUIe JICHAPUTHOTO CTPOCHHS,
yCaJOYHON PBIXJIOCTH, OCEBOW TOPHCTOCTH, Ta30BBIX ITy3BIPEH, TPEUINH, ITyCTOT, IUIECH,
[IJIAKOBBIX BKJIFOUEHHH, PACIOJIOXKCHUS BOJOKOH B TMOKOBKAaX W IITaMIOBKAaX, BUJ H3JIOMa,
JMKBAIMH cepbl U pochopa, CTPyKTypHOU HEOAHOPOAHOCTH, KAYEeCTBA CBAPHOTO COCTUHEHHS.

Jl51a uccnenoBaHusl MaKpOCTPYKTYpPhl METAJIOB U CILIABOB MCIOJIB3YIOT METO HUTH(OB
U MeToa u3IOMOB. [Ipm 3TOM BHJI H3JIOMOB ONPEAETSIOT HETOCPEACTBEHHO BH3YaIbHBIM
HaOII0IEHUEM, TOTIa KaK OCTalIbHbIE 0COOEHHOCTH — Ha MaKpOLUTH(aXx.

O6paser (ero erre Ha3bIBAIOT TEMIUIET) METalIa, TOBEPXHOCTh KOTOPOTO MOATOTOBJICHA
JUTsE MaKpoaHaiu3a, HasbiBaeTcsa Makponutudom. OOpazern s MakpoaHalld3a BBIPE3AIOT B
OTIPENIeJICHHOM MECTE M B OINpPEENICHHON TIOCKOCTH B 3aBHCUMOCTH OT TOTO, YTO TOIBEPraroT
UCCIIEIOBAHUIO — OTJUBKY, IIOKOBKY, IITAMIOBKY, IPOKAaT, CBapHYI0 WIU TEPMHUUYECKU
00paboTaHHYIO JeTallb U YTO TPeOyeTCsl BBIBUTH M U3YyYUTh — MEPBUYHYIO KPUCTALTU3AIMIO,
nedeKThl, HapyIIaoIue CIUIONTHOCTh MeTalia, HEeOJHOPOAHOCTh CTPYKTYpHI U T.A. B cBsi3u ¢
THM 00pa3Ibl BEIPE3AOT M3 OAHOTO MM HECKOJIBKHX MECT CIIMTKA, 3aTOTOBKH (IETain) Kak B
OPOJOIBHOM, TaK M B TMOMNEPEYHOM HAmpaBlIeHUSX. BbIpe3aHHbIE TEMIUIETHl MOJBEPraroT
MeXaHHUYECKOi 00paboTKe, XUMUIECKOMY TPABJICHUIO M UCCIIEIOBAHUIO.

MeToasl MakpoTpaBieHHs MOAPA3NEISIIOT Ha TPH TPYHIBL 21Y00K020 MpAGIeHUsl,;
NOBEPXHOCIHO20 MPABLEHUS, OMNEYAMKOB.

CymHOCT MeTONa 271y00K020 mpasiieHus 3aKIIYaeTcss B 00paboTKe MOBEPXHOCTH
MaKpouuIrda pacTBOpaMu HEOPTraHUIECKUX KUCIIOT, B Pe3yIbTaTe Yero y4acTKH, HEOIHOPOIHbIE
o cocTaBy, oOmagamomue Oosiee pPa3BUTOM M aKTUBU3MPOBAHHOW  IMOBEPXHOCTHIO,
NPOTPaBIMBAIOTCS pa3indHo. OOpa3yercsi Makpopenbed MOBEPXHOCTH C yJacTKaMu OOJbIIeH H
MEHBIIIEH BBICOT, KOTOPBIE TIPU OOJBIION MTyOHHE PEe3KOCTH HEBOOPYKEHHOTO TJla3a MM MallbIX
YBEIMUEHUSAX MOTYTOBITh UACHTU(DHUIIMPOBAHEI.

Ilosepxnocmnoe mpasnenue uMeeT 0ojiee OTPaHUYEHHBIA XapakTep B MaKpOaHAIM3€e U
UCTIONB3YeTCsl  Jisi  OOIIero  WCCIENOBAaHWS  CTPYKTYPhl W BBISBICHUS  JTEQEKTOB,
HEMOCPEJICTBEHHO BBIXOMSAIIUX HA MOBEPXHOCTh, & TAKXKE BBISIBICHUS XapaKTepa JIMKBAIUU B
Mmetayuiax. s oOmero wcciaemoBaHUs CTPYKTYPHI CTallel IMUPOKO TMPHMEHSETCS PEaKTHB
cocraBa: 10-20 r mepcynndara ammonus [(NH4)2S208] ma 100 mu Boxel, Temmeparypa



peaktuBa 50-60°C, Bpems BbiepKKHM 5-40 muH. JJaHHBIA DPEaKTHB II03BOJISET HAOIOAATH
SBJICHUS] PEKPUCTAITN3ALIUY, HEOJHOPOIHOCTD 3€PEHII0 pa3Mepam, CTPOSHHE CBAPHbBIX LIBOB.

[IpeumymiecTBO MeTo/la TMOBEPXHOCTHOTO TPABICHHUS IO CPABHEHUIO C TIyOOKHM
TPaBJICHUEM3AKII0YaeTCs B BO3MOXHOCTH JIYYILIETO BBISIBJICHHS OTACIBHBIX JAETaleil CTPYKTYPBI,
a TaK)Ke B MEHBIIIEH arpeCCUBHOCTH PEaKTHUBOB U MPOCTOTHI 0OpAIICHHS ¢ HUMHU.

Memoo omneuamkog ipuMeHsIETCs AJIsl OTpeieNIeHuUs JIUKBAllMU TpUMecel B MeTaiax u
cruaBax. B cramax Hapsay ¢ ¢ocdopom Hambonee BpemHO# mpumechio siBisercs cepa. Cepa
Takke o0siagaeT OONBIION CKIOHHOCTBIO K JIMKBAIMH, HEPACTBOPUMA B Kelle3e U 00paszyer C
HUM XUMHYECKOe coeauHenue — cynbdun sxenesa (FeS), KOTOpblii BXOAUT B COCTaB
JIErKOIUIaBKOM 3BTeKTUKHU Fe-FeS, pacnonaratomeiics oTAeIbHBIMU BKIFOYEHUSIMU IO TPAHUIIAM
3eper. [lpu HarpeBe no Temmeparypbl ropsiuein aedopmammm (800-1200 °C) BriarOYeHHS
ABTEKTUKH (Temmeparypa miasieHus 988 °C) npuaaroT cTaim XpynKOCThb, JTUOO OTUIABIISIFOTCS U
00pa3yroT B MaTepHalie HaJpbIBbl U TPEIIUHBI (SIBJICHUE KPACHOJIOMKOCTHU CTaJIM).

s ompeneneHus: JTUKBAallMU Cepbl HauOoOJblIee pPACIPOCTPAHEHUE MOIYYHII METOJ
baymana. B nanHoM Mertosne 3acBedeHHYI0 (oToOyMary BbIIEpKUBAIOT B 5 %-0M BOAHOM
pacTBOpe CEepHOHl KUCIOThI B TeueHHe 5-10 MHH, clerka MNpOCYIIMBAIOT MEXIY IHCTaMU
(GuIbTpOBAILHON OyMaru AJis yJaJ€HHs HU3JMILIHEr0 pacTBOpa M IUIOTHO NPUKIAABIBAIOT K
makpouutndy Ha 25-30 munyT. CHATasc Makpouuuda potodymara mpombiBaeTcs, GUKCUPYETCs
B pactBope rumocyibdura 20-30 MHH, TpOMBIBacTCS W BBICyIIMBacTcs. llomydueHHBIC Ha
dorobymare y4yacTKM KOPUYHEBOTO I[BETa YKa3blBAIOT Ha MecTa, OOOTalieHHbIE Cepoit
(ckorutenust cynbpuaos). Ecnmu ¢goroOymara mmeer paBHOMEPHYIO OKpAacKy, CIIEIOBATEIBHO,
cepa pacrnpezeneHa paBHOMEPHO.

JIlukBammro (ocdopa B cTanu BBIABISAIOT TpaBlieHHEM OTHUIM(OBaHHOTO oOpas3ma B
peakTuBe cocTaBa: 85 T xjopHOW mMeau u 53 r xyopucroro ammonus B 1000 cm3 Boabl. st
BBISIBJICHUSI JIMKBALIMKM HEOOXOAMMO: OTHUIM(OBAHHYIO MOBEPXHOCTh 00paslia IpOTEPETh BaTOM,
CMOYEHHOM CIUPTOM; 00pasell MOrpy3uTh B YKa3aHHBIA peaKTUB U BBIAEPKATh B HEM 1—2 MUH;
Ipy BBIJEPKKE o0Opasla B PEaKTUBE XKeNe30 PACTBOPSETCS W BBITECHSET Melb, KOTOpas
OCaXkJlaeTcsl Ha MOBEPXHOCTU 00paslia; Mocjie BBIICPKKU 0Opaszel] BbIHYTb W3 PEaKTUBA; BCA
MOBEPXHOCTh 00pa3lia JoKHA ObITh MOKPBITa MEJIbIO; CTPYEH BOJBI CMBITh C MOBEPXHOCTHU CIIOU
MeJIU ¥ IPOTEepeTh MAaKpOILTU( MOKPOHBATON; MPOCYIINUThH 00pazel.

bonee Temuble, T. €. TIyOOKO MPOTpaBIEHHbIE Y4acTKHU, — 3TO MECTa, OOOrallleHHbIE
docdopom, Tak kKak yem OobIie B xenese hocdopa, TeM ObICTpee

oH pactBopsieTca. COOTBETCTBEHHO, CBETJIbIE YYACTKH Ha TEMILJIETE — MECTa C MEHBIINM
conepkanueM docdopa.

IIpy HEOOXOOUMOCTH TOJHOIO MAaKpPOCKOIMYECKOro HCCIENOBaHMs, a TaKkke
ONpezeNieHus] HapyILIeHUH CIUIOIIHOCTH MeTala M J1e()eKTOB CTPOEHHUS IeJ1eco00pa3Ho
NPUIEPKUBATHCSA CIEAYIOUIEH IOCIe0BaTeIbHOCTH: CHayajga TpPaBUTh 0O0pasell peakTHBOM
MOBEPXHOCTHOT'O TPAaBJIEHUS, 3aT€M CHOBA HUIM(OBATh U ONPEIENSTh paclpeeleHHe Cephl O
OTIIe4aTKy Ha (orobOymare, Mocie 4ero Mpou3BOAMTH ITyOOKOEe TpaBiieHHE JJIsi ONpEeeNCHHS
HApYUIEHUN CTUIOIIHOCTH.

Buvisisnenue cmpoenus aumou cmanu

CrpoeHue maUTOM cTanu (JCHAPUTHYIO CTPYKTYpPY) BBISBISIIOT TpaBJICHUEM
otuutndoBaHHOroodpasua B 15 %-oM BoJHOM pacTBope nepeyibhaTa aMMOHUS.

Jlyis BBISIBICHUS ACHIPUTHOM CTPYKTYpPHl HEOOXOAMMO: OTHUIM(OBAHHYIO MOBEPXHOCTD
o0pa3ia nmpoTepeTh BaToil, CMOYEHHOW cMpTOM; HarpeTh peakTuB a0 80-90°C; obpazen mpu
MIOMOIIA IIMIIOB IOrPY3UTh B TOPSYMA PEaKTWB W BbLAepkaTk B HeM 5—10 MmuH; mocne
BBIJIEPXKKU BPEAKTHBE 00pasell Mpy MOMOIIY IIUMIIOB BBIHYTh U3 PEAKTHUBA, IPOMBITh BOAOH U
MPOCYIIUTb.

IIpu ananuse Makpouumda CIUTKA CTaIM HAOMIOJAETCA CTPYKTypa, CXeMaTH4YeCKd
IIpe/CTaBJICHHAsHA puC. 1.



=Y (U1

1 — ycagouyHasi pakoBHHA; 2 — Hapy>KHasl MEJIKO3EPHUCTasl KOPKa;
3 —30Ha cTOA0YATHIX KPUCTAILIOB; 4 — 30HA PABHOOCHBIX KPUCTAIJIOB.

Puc. 1. MakpocTpykTypa clIMTKa MeTauia:
a — cxeMma; 0 — pealibHas JeHApPUTHas CTpYKTypa ciauTka craaud X18HIT.

Buvisignenue oegpexmos, napyuaowux cnioutHocms Memaiid

Jlis BBIABIEHUS B CTanM JAe(EKTOB, HapyMIAIOMIMX CIUIOIIHOCTh MeTalla
(TpemuH, nop, paKoOBHH), IPOBOAUTCS INTyOOKOE TpaBiieHHE OTHUIN(OBAHHOTO 00pa3ia
BOJHBIM pacTBOpoM consHoil kucaoTel (50 cm® HCI, 50 cm® Boawl) criemyromum
oOpazoM: OTHUIM(POBAHHYI0 TOBEPXHOCTh OOpas3lla MpPOTEPEeTh BATOM, CMOYCHHOM
CIIMPTOM; BaHHy C HarpeTrbiM 10 TeMmmeparypsl 60-70°C peakTMBOM IOMECTUTH B
BBITSDKHOM IIKady (Tak Kak MpU TPaBJIE€HUU BBIIEISIOTCS SOBHUTHIE Ta3bl; 0Opasell
[P MOMOLIY IIUNIIOB NOTPY3UTh B TOPSYMM PEAaKTHB U BbLIEpkaTbh B HeM 10-45
MHUH.;
nocje BBIACP)KKH oOpaszel] Mpu MOMOIIM IIMIIOB BBIHYTh M3 PEAKTHUBA, MPOMBITH
BOJIOH, 3aTeM 10— 15 %-bIM BOAHBIM pacCTBOPOM a30THOM KUCIIOTHI U IPOCYLIUTD.
ITpu rmy6oKOM TpaBiIE€HUH PACTBOPOM KHCIIOTHI BHICOKOH KOHLIEHTPAIMHM MPOUCXOIUT
CTpaBiuBaHue Ne(EeKTOB, HapyLIAIOIIUX CIUIOINIHOCTh MeTajljla — OHHU CTaHOBSTCS
BUJIMMBIMH HEBOOPY>KEHHBIM TJ1a30M (puc. 2).
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Puc. 2. JlepexTsl, Hapy1Iaronye CrjIoMHOCTh MeTalla:
@ — HEeMeTaJNIN4eCKHEe BKIIOUEHUS; O — NATHUCTAs! JTMKBALIHS

H3yuenue uznomos

BuyTpennne neekThl, KOTOPbIE MOTYT MPUBECTH K Pa3pyILICHUIO M3/CTHS, BBIIBISIOTCS
HNPUN3YYEHUH U3JIOMOB.

H3n0mMoMm Ha3BIBACTCS TOBEPXHOCTD, 00pa3yOMIasicsi BCICACTBUAE Pa3pyIICHUS METAJIOB.
M3710MBI METAJUIOB MOT'YT CYILECTBEHHO OTJIMYATHCS MO LBETy. Tak, cranu u Oenble YyryHbl, B
KOTOPBIX BECh YIJIEPOA CBSi3aH B IIEMEHTUTE, HMMEIOT H3JIOM CBETJIO-CEpOro IBeTa. Y
rpadUTHU3UPOBAHHBIX CTalleil M YyTyHOB, B KOTOPBIX YIJIEPOJl HAXOAUTCS NPEUMYLIECTBEHHO B
Buze rpadura, W3I0M YepHOro IBeTa. Ha TMOBEPXHOCTH HM3IIOMOB MOYHO BHUAETH JE(EKTHI,
KOTOpbIE CIIOCOOCTBOBAIM pa3pylIeHUI0. B 3aBUCMMOCTH OT coOCTaBa, CTPOCHMsS MeTalia,
HaM4us 1e(peKToB,yCI0BU 00paObOTKH M SKCIUTyaTalluy U3AEIHA U3JIOMBI MOTYT UMETh 653KULL,
XpynKuil WIN ycmanocmuulii Xapakrep (puc. 3).

Basxuii (6onoxknucmoiit) uznom (puc. 3, a) UMeeT OyrpUCTO-CTIKEHHBIM pelibed u
CBUJIETEJILCTBYET O  3HAYMTEIBHOM  IJIacTU4eckoil  nedopmanuu, MpeAlIecTBYIOMIEH
pazpyurenuto. 1o By BI3KOT0 U3JI0Ma HENb3s CYAUTH O (hOpME U pa3Mepax 3epeH MeTasia.

Xpynkuu (kpucmannuveckuti) uznom (puc. 3, 6) XapakTepusyeTcs HaJlU4yMeM Ha
MOBEPXHOCTH IJIOCKUX OJIECTANIMX y4acTKOB. Tak Kak paspylieHue MpoTekaeT 0e3 3aMeTHOM
IIacTHYecKoi gedopmarun 1 Gopma 3epHa He HCKaKaeTcs, TO Ha XPYIKOM M3JIOME BHIHBI
ucxonHas (opma W pasmep 3epeH Merauia. [Ipu XpymKOM H3JIOME pa3pylIeHHEe MOXKET
IPOUCXOIUTh Yepe3 3epHa (TPAaHCKPUCTAIUIMYECKHH WM HapTaTUHMCTBIA HM3J10M) JHOO0 IO
TpaHUIaM 3epeH (MEKKPUCTAIUIMIECKUI WITM KaMHEBUIHBIA H31I0M). Pa3pyiienne mo rpaHumaM
3epeH MMEeT MECTO NpU HAJIMYMU Ha TPaHMULAX HEMETAJUIMYECKUX BKIOUeHUH ((ochumasl,
CyJb(MUIBI, OKCUBI) WU IPYTUX BbIACIEHUH, OCIA0ISIONMX TPOYHOCTh TPaHUI] 3€pHA.

OObIUHO M3JI0MBI OBIBAIOT CMEIIaHHBIMU. [IpH cMeIIaHHOM H3JI0Me Ha ero MOBEPXHOCTH
HaOJFOAl0TCSl YYACTKH BS3KOTO U XPYIIKOTO Pa3pyIICHHS.



Puc. 3. Buasl u310MoB cTajiu:
a — BSI3KHM; 6 — XpYIKUH; 6 — YCTaJOCTHBIN.

Yemanocmuwiii w3nom (puc. 3, 6) o0pazyeTcs B pe3yJibTare JJIUTSILHOTO BO3ICHCTBYSI Ha
METaJIT IUKINYEeCKUX HanpsDKeHUH W nedopmaruii. M310M cOCTOUT U3 TpeX 30H: 3apOKICHUS
TPEUIMHBI, COOCTBEHHO YCTAJOCTHOTO PAaCHpOCTPAHEHHUsI TPEIIMHBI W JI0JIoMa. MeXaHu3M
YCTAJIOCTHOTO Ppa3pyLICHUsI CIEAYIONIMNA: YCTAJIOCTHAs TPEIIMHA BO3HUKAET B MECTax, IJIC
UMCIOTCS KOHIICHTPATOphl HampsokeHwid win aedektbl. [lepBas 30Ha TUTOCKas M TJIaJIKasl.
YBenuuuBasch mpu padoTe JeTayid, TpeHrmHa 00pa3yeT 30HYy COOCTBEHHOTO YCTaJIOCTHOTO
pacrpoCTpaHeHHUsT C XapaKTePHBIMH KOHICHTPHUECKUMH OOpO3JKaMHU WJIM JyraMd H
MEJIKO3EPHUCTBIM, (apPOpPOBUIHBIM H3JIOMOM. 3a4acTyl0 OHAa HMEET OTACIbHBIC YYacTKU
[JIQJAKOW TPHUTEPTOH TOBEPXHOCTH. JlOJIOM MPOUCXOAMUT BHE3AIHO, KOTJa OCIa0JIeHHOE
TPEUIMHON CEYCHHWE JETald HE CHOCOOHO BbIIEPKATh IMPHUKIAIBIBAEMON MEXaHUYECKOM
Harpy3ku. J[osoM ObIBaeT BI3KUM WM XPYITKUM.

Ilopsinok BeINOJHEHHSA PadOTHI

1. O3HaKOMHUTBCS C METOJAMKON IPUTOTOBJIEHHSI MAKPOILIH(OB.

2. H3yuyuTh KOJUIEKLUIO 00pa3I0B ¢ OCHOBHBIMU Je(heKTaMH, HaOJII0JaeMbIMH Ha UX
MTOBEPXHOCTHU.3apHCOBATH ITH EPEKTHI.

3. HccrnenoBarh 1 3apucoBaTh MakKpOCTPYKTYpY TEMIUIETA JINTOTO METaJLIA.

4. OueHnTh TUKBAIMIO Ha MUKponutide no meroay baymana.

5. W3yuuTb U 3apucoBaTh OCHOBHBIE BH/IbI U3JIOMOB (BS3KHM, XpYIIKUI U yCTAIOCTHBIH).

Conep:xxanue oT4yera

[enb paboTHLI.
CymHOCTh MaKpoaHalii3a, IPUTrOTOBIECHHE MaKpOLLIHda.
3apucoBKa MaKpOCTPYKTYPBI IUTON CTaJIH.
3apucoBKa MaKpOCTPYKTYphl ~ 00paslloB CTald C OCHOBHBIMH Je(eKTamu,
HapyIIAIOMIUXCIUIONTHOCTh METaJlIa.
3apUCOBKHM OCHOBHBIX BUJIOB U3JIOMOB.
BEIBO/IBI M3 TTOITyYEHHBIX PE3YIIBTATOB.

KonTpoJsabHbie Bonpocsl
B 4eM 3akirouaeTcst CynHOCTh MaKpoaHanmu3a?
MeTo1p1 MAaKpOTPABICHUS U UX CYIIHOCTH?
Urto Takoe MakpoCTpyKTypa?
JUJ1s 4ero UCHoJb3yeTcss MaKpOaHaIu3?
Kakwue cymiecTByrOT METOIBI MAaKPOTPABICHHS?
Yro Takoe KpaCHOJIOMKOCTh?
Kak BBISIBUTP JIMKBAIHIO CEPHI B CTAIN?
Kak BeisiBUTH nMHKBanuto hocdopa B cramu?
Kak BBISIBUTH JCHIPUTHYIO CTPYKTYPY B JTUTBIX 00Opa3nax?

b=

SN

LRI B W=



10. [enaputHas CTpyKTypa CIMTKA U MEXaHU3M ee (popmupoBaHus?
11. Yto Takoe M3JI0M U KaKhe BUIbl U3JIOMOB BbI 3HaeTe?

12. XapakTepHble MPU3HAKU XPYIIKOTO U BSI3KOTO U3JIOMOB?

13. KakoB MeXaHM3M YCTaJIOCTHOI'O pa3pyllieHus?



7.5 Onucanme mokasartejieii u KPUTEPUEB OUCHUBAHUNA KOMIIeTeHInii Ha pas/IMYHBbIX 3Talax ux Q)OpMﬂpOBaHHﬂ, ONMMCaHuE IKaJbI

OLICHUBAHUA.
Tabauna 7
Kputepun ouennBanus pe3yJabTaToB 00yyeHUs!
pHrep 1 pe3y y HaumenoBanme
ILnanupyemble pe3yJibTaThl OCBOCHHS MeHee 41 6a10B 41-60 6an10B
61-80 6a10B 81-100 6am10B OLICHOYHOI0
KOMIIETeHIIUH (Hey10BJIETBOPHU- (yaoBjaeTrBopu-
(xopo1o) (0OTJINYHO) cpeacTsa
TeJbHO) TeJbHO)

OIIK-5. CriocobeHHaxouTh U iepepadaThiB

aHc(ep TEXHOJOTUH

aTh HHGOPMALHIO, TPEOYEeMYIO ISl IPUHATHA PELICHUI BHAYYHBIX NCCIEIOBAHUAX U BIPAKTHUECKON TEXHUYECKOU
JIeITeIbHOCTH, IPOBOJUTH MaTEHTHBIMAHAIN3 U T

3HaTh: CdopmupoBanHbIe,
CdopmupoBaHHEIE

- KJIacCU(UKAIUI0 MaTepUaIOB, METAJIOB U ®parmeHTapHBIE HO COJIeprKaIlie

Hemnommsle 3HanMs CHUCTEMaTUYCCKUE
CIUTaBOB, OOJIACTH WX MIPUMECHEHUSI. 3HAHHUS OT/IEbHBIE TTPOOEITHI -

3HAHUS

YMeTh:
- pacmo3HaBaTh H  KJIACCUUIPOBATH
KOHCTPYKITMOHHBIC U CBIPHEBBIC MaTEPUAIIbI VYMeHus noaHsle, ChopMHpOBaHHbIE
M0 BHEIIHEMY BHUIY, MPOUCXOXJACHUIO, | YacTU4yHble yMEHUS Hemnommsle 3Hanms JIOTTYCKAIOTCS yMeHus
CBOICTBaM; HEOOJIBbIINE OIINOKHU
- TPOBOAWTH WCCIEAOBAaHUS H WCIBITAHUSL
MaTepHaJIOB.
Baanersn:

- nH(popmanyei o CBOHCTBaX W NPUMEHEHUN
pa3IMYHBIX MaTepHAIIOB;

- HEKOTOPBIMH 3KCIIEPUMEHTAIbHBIMH
METOAMKAMHU u TEXHUKON

YacTu4uHOe BiIajgcHUuE
HaBbIKaMU

MaTepruaJIOBEAYCCKUX

Henomnnsie
NIPUMEHEHUE
HABBIKOB

B cucremaTtnueckoMm
MIPUMEHEHUH
HaBBIKOB
JIOIY CKaroTCs
po0esI

VYcnentnoe u
CHCTEMaTHUYECKOE
MIpUMEHEHNE
HaBBIKOB

3amanus nms
KOHTPOJIBHOM
paboThI, TECTOBBIS
3aJIaHus, TEMBI
pedeparor, OUIEThI




[Tpopomxkenne Tabauibl 7

Kputepun ouennBanus pe3yjabTaToB 00yUeHUs!

Ilnanupyemble pe3yjabTaThbl 0CBOEHUS MeHee 41 0ay10B 41-60 6ama0B Haumenosanue
Py pesy 61-80 6as10B 81-100 6a.10B OIIEHOYHOI'0
KOMIIETeHIIHU (HeynoBJIETBOPH- (ynomJieTBopu- (xopomo) (oTmumH0) cpencTBa
TeJbHO) TeJbHO)

K-2. Cnoco6eaCriocoOHOCTh IPOBOANTH pad

oii chepoli mpodecCHOHATLHON ACSITETbHOCTH

OTbI ITO JUATHOCTHUKE, TEXHUIECKOMY 06CJ'Iy}KI/IBaHI/IIO, PEMOHTY U OKCILTyaTallu TEXHOJOTI'MYECKOT' O O60pyI[OBaHI/I$[ B
COOTBCTCTBUU C BLI6paHH

3HaTh:
- 3aKOHOMEPHOCTH TIPOLIECCOB
KPHCTAJUTM3aMH M CTPYKTypOOOpa3oBaHHS CdopmupoBaHHbIe, ClpopMHpoBaHHBIE
METaIJIOB u CIIlIaBOB, OCHOBBHI ux (DpaI‘MCHTapHI)IC HO CoAcpiKalue

Henonuele 3Hanus CHCTEeMaTHYECKHUE
TepMooOpaboTKH, CIoCco0OBI 3aIUTHI 3HAHUA OT/IEIbHBIE TPOOEITHI AR
METAJUIOB OT KOPPO3NUH; 3HAHUSA
- KJIacCUPUKAIMIO H CIIOCOOBI TOJXYy4eHUS
KOMITO3MIIMOHHBIX MAaTCPUAJIOB;
Ymerb:
- OmpenensATb BUABI KOHCTPYKIIHOHHBIX YMeHus HoNHbIE, ChopMHpOBaHHbIE
MAaTEepUAJIOB, YacTuuHblE YMEHUS Henonnsle 3Hanus JIOILyCKAOTCSA yMeHHs

- BBIOMpATh MaTepHalbl A1 KOHCTPYKIUHN 110
MX HA3HAYEHUIO U YCIIOBUSAM DKCILIYATAlLUH;

HEOOJIbIIINE OLINOKHU

Baanernb:

- HaBbIKAMU HpaBI/IJ'IBHOI‘O BBI60pa
MaTepuaioB HCXOAS W3 aHallu3a YCIOBHH
AKCIUTyaTallH U TIPOU3BO/ICTBA;

YactuuHoe BJIaACHUC

HaBBIKaMH

B cucremaruueckom

Henonnsle NIPUMEHECHUN
MIPUMEHEHUE HAaBBIKOB
HAaBBIKOB JOITyCKaOTCs

po0eb

VYcnentnoe u
CHCTEMATHYECKOE
MIpUMEHEHNE
HaBBIKOB

3amanus i
KOHTPOJIbHOU
paboThI, TECTOBBIE
3a/1aHMs, TEMbI
pedeparoB, OMIIETHI




8. Oco0ennocru peaju3sanuu AWMCUMIUIMHBI UIA HHBAJMIOB W JHI C
OrpaHMYeHHbIMH BO3MOKHOCTSIMH 3/10POBbSI

JUis OCyIIEeCTBIEHUS MPOLEAYpP TEKYIIEro KOHTPOJI YCHEBAEMOCTH M IPOMEXKYTOUYHOU
aTTecTaluyd OOYYaOLIMXCS CO3/MaHbl (OHABI OIIEHOYHBIX CpPEACTB, aJalTHPOBAaHHBIC IS
UHBAJIUJOB U JIML C OIPAaHUYEHHBIMH BO3MOXXHOCTSMHU 3JI0pPOBbsI M I103BOJIAIOLINE OLEHUTh
JOCTI)KEHUE MMM 3aIVIAHMPOBAHHBIX B OCHOBHOW 00Opa30BaTENIbHOM NpOrpaMMe pe3ysIbTaTOB
00yuyeHMsI U YPOBEHb C(HOPMUPOBAHHOCTU BCEX KOMIIETEHIIMH, 3asBJIEHHBIX B 00pa30BaTEJIbHOM
nporpamme. @®opma mpoBeneHHMS ~TEKyUIed arTecTaldd Uil CTYACHTOB-WHBAJIHJIOB
YCTAHABJIMBAETCSI C YYE€TOM HHIMBHUIYAJbHBIX MCUXO(PHU3HMUECKUX OCOOEHHOCTEH (YCTHO,
NUCHbMEHHO Ha Oymare, MUCbMEHHO Ha KOMIbloTepe, B (opme TectupoBanus u T.1.). [lpu
TECTUPOBAHUM [Vl CIA00BUAALIMX CTYJIEHTOB MCIIOJB3YIOTCS (DOHJIbI OLEHOYHBIX CPEJACTB C
YKpyOHEHHbIM —mmpudToM. Ha »3K3aMeH mpuriamaercs COMPOBOXIAIOUINMA, KOTOPBIHA
o0ecrieunBaeT TEXHUYECKOE COMNPOBOXKAEHUE CTylIeHTy. IIpm HEOOXOOUMOCTH CTYIEHTY-
MHBAJIUAY MPEIOCTABIISIETCS JOMOTHUTEIBHOE BpeMs JUIsl TIOJrOTOBKM OTBETa Ha dK3aMeHe (MIH
3agere). OOyuaromiyecs C OrpaHMYEHHBIMM BO3MOXHOCTSIMM 3[0POBbS U OOyYaroIuecs
MHBAIUABl O0ECTICUYMBAIOTCS TICYATHBIMH M DJIEKTPOHHBIMH 00pa30BaTEIbHBIMH PECypcamu
(mporpammbl, ydeOHBIE TOCOOMS MANisi CaMOCTOATEIbHOW paboTel W T.J.) B (dopmax,
Q/IaTITUPOBAHHBIX K OTPAaHUYEHUSIM HX 3/I0POBBS U BOCIIPHUATHS MHPOPMALIUH:
1) A7 MHBAJIMJIOB U JIUMI] C OFPAaHUYEHHBIMU BO3MOXKHOCTSIMH 3/10POBBS 110 3PEHMIO:
- AJS caenbIX: 33JaHUs JUIA BBIIOJHEHHWS HAa CEMHHApPaX M TPAKTHYECKUX 3aHATHUAX
odopmisitoTes penbedHO-ToueuHbIM MpudTOM bpaiing unu B Buae 31EKTPOHHOTO JIOKYMEHTa,
JOCTYITHOTO C TIOMOIIbI0 KOMIIBIOTEpPA CO CIIEHUAIM3UPOBAHHBIM IPOTPaMMHBIM OOecrieueHueM
JUIS CIIETIBIX, TNO03auUTHIBAIOTCS ACCUCTEHTOM; MMCbMEHHbBIE 3aJaHUs BBIIOJIHSAIOTCA Ha Oymare
penbedHO-TOYeUHBIM MPUPTOM bpaiis nwim Ha KOMIIBIOTEpPE CO  CIEUATU3UPOBAHHBIM
IpOTrpaMMHBIM 00€CIIeUeHHEM IS CIICNBIX JIM00 HaIMKTOBBIBAIOTCS ACCUCTEHTY; 00YJaroIuMCs
JUIA BBINIOJTHEHUS 3aJaHUsl MpPHU HEOOXOJMMOCTH NPEAOCTABISACTCS KOMIUIEKT HMHCbMEHHBIX
HNPUHAAISKHOCTEN U OyMara Juis nucbMapeabepHo-TouedHbIM mpudToM bpailns, koMmnberorep co
CTHEeHATH3UPOBAHHBIM MTPOTPAMMHBIM 00eCTIeueHUEM IS CIICTIBIX;
- A cJa00BMASIIIMX: 00ecreuynBaeTCs HHIMBUAYaIbHOE PAaBHOMEPHOE OCBELICHHE HE
meHee 300 srokc; oOywaromuMmcsi JUIsl  BBIIIOJHEHUS 3aJaHus MpU  HEOOXOIUMOCTU
IPEOCTABIISAETCS YBEIUUMBAIOIIEE YCTPOMCTBO; BO3MOXKHO TAaK)Ke MCIIOJIb30BaHHE COOCTBEHHBIX
YBEIMYMBAIONINX YCTPONCTB; 3a/IaHUs JJISl BBITOTHEHUS 3aJJaHUK O(QOPMIISIOTCS YBEINYCHHBIM
mpuQTOM;
2) NSl MHBAJIM/IOB U JIUI] C OTPAaHMYEHHBIMI BO3MOKHOCTSIMU 3/I0POBBS MO CJIYXY:
- A8 TIAYXHX M caadocaplmammx: oOecreyuBaeTcs Hajluuue 3BYKOYCHJIMBAIOLIEH
amnmaparypbl  KOJUIGKTMBHOTO  TIOJB30BAaHWS, TPU  HEOOXOAMMOCTH  OOyYarOUIMMCS
OpPEJOCTaBIsAeTCS  3BYKOYCHJIMBAIOIIAs  anmapaTypa  MHIMBHIYaJbHOTO  IOJb30BAHUS;
IPEIOCTABIAIOTCA YCIIYTUCYPAOTICPEBOAUNKA,
- AJS  CJENOIrJIyXHX JONyCKaeTcs NPUCYTCTBHE ACCHCTEHTA, OKAa3bIBAIOLIETO YCIYTH
TUQIIOCYpIOTIEPEeBOIUMKA (TOMUMO TPEOOBaHMIA, BBITIOIHIEMBIX COOTBETCTBEHHO IS CIIETIBIX H
TIIyXHX);
3) s I ¢ TSDKETBIMU HAPYIICHUSIMHU PeYHd, TIYXHX, cIa00CTBIIIANINX JICKIIMA U CEMUHApPHI,

MIPOBOJIUMBIE B YCTHOH (popMme, MPOBOAATCS B MUCBMEHHOH (popme;
4) nns VHBAIWAOB M JIMI[ C OTPAHWYCHHBIMH BO3MOXKHOCTSIMH  3/I0pPOBBSl, HMEIOIINX
HapYLIEeHHUs ONOPHO-ABUIaTe/IbLHOIO annapara:

- U JMIl ¢  HApYNICHWSIMH  OIOPHO-IBUTATENFHOTO  ammapaTra, HapymIeHHsIMA
JIBUTATENIbHBIX (YHKIMH BEPXHUX KOHEYHOCTEW WM OTCYTCTBHEM BEPXHHX KOHEYHOCTEM:
MUCHMEHHBIC 3a/I1aHUs BBITOTHSIIOTCS Ha KOMITBIOTEPE CO CIEIHATM3UPOBAHHBIM MTPOTPAMMHBIM
oOecrieyeHHEM WJIM  HAJUKTOBBIBAIOTCS ACCUCTEHTY; BBINOJHEHHE 3aJaHui  (TECTOB,
KOHTPOJIbHBIX paboT), MPOBOJIMMBIE B MUCbMEHHOU (hopme, mpoBoAATCA B YCTHOM popme myTeM
orpoca, 6ece/ibl ¢ 00yJaroIIMCS.



9. YueOHO-MeTOAUYeCcKOe U HH(POPMAITHOHHOE 00ecriedeHue TUCUUIIMHBI

1. Marepuanosenenue : ydeOHoe nocobue / C.B. /laBbioB [u ap.].. — Mocksa, Bonoraa :
Nudpa-Unmxenepust, 2020. — 424 ¢. — ISBN 978-5-9729-0417-4. — TeKcCT : 37IEKTPOHHBIN
/" OnektpoHHO-OMOmmoreuynas cucrema I[PR BOOKS : [caiit]. — URL:

http://www.iprbookshop.ru/98417.html (mata o6pamenus: 07.03.2021). — Pexxum noctymna:
JUISL aBTOPU3UD. MTOJIb30BaTEICH

2. Comnues I0.I1. Matepuanosenenue : yueOnuk i By3oB / Comnnes FO.I1., Ipsaxun E.M.. —
Cankr-ITerepOypr : XUMU3 AT, 2020. — 783 ¢. — ISBN 078-5-93808-345-6. — Tekct
. OJEKTpOHHBIA // DnextpoHHO-OMOMMoTeyHass cuctema IPR BOOKS: [caiit]. — URL:
http://www.iprbookshop.ru/97813.html (mata oGpamenus: 07.03.2021). — Pexum nmocryna: ais
ABTOPU3HUP. oJab30BaTelIeh

3. MarepuanoBenenue : yueonuk s CIIO / A.A. BopoObeB [u np.].. — CapaTtoB, Mockaa :
[Tpodobpazosanue, Aii [Tu Ap Memnua, 2020. — 356 c. — ISBN 978-5- 4488-0866-1, 978-5-
4497-0618-8. — TekcT : 3IeKTPOHHBIN // DiekTpoHHO-O0nOMMoTeunast cuctemMa IPR BOOKS
: [caiiT]. — URL: http://www.iprbookshop.ru/96962.html (mara o6pamenus: 07.03.2021). —
Pexwum nocryna: ans aBropusup. noiabsizoBateneid. - DOI: https://doi.org/10.23682/96962

10. MaTtepuajbHO-TEXHHYECKOE o0ecrnevyeHne TUCIUITHHBI

Urenne nekumidi ocymectsisercs B ayautopun Ne 0-29 JlaGoparopust kadempsr
000pyI0BaHAHATIISIIHBIME TTOCOOMSIMH B BUJIE CTEHJIOB U IJIAHILIETOB, pa3MEIICHHBIX Ha CTCHAX,
pa3IaToOYHBIMM MaTEpHAIIAMH, aTllacaMl MUKPOCTPYKTYp u jap. Mcmons3yemoe ob6opynoBaHue:
npubop MOTyaBTOMATHYECKUN IJISI M3MEPEHHUS TBEPAOCTH METAIJIOB, MHUKPOCKOIM IIKOJIbHBIMH,
U3MEPUTENbHBIE WHCTPYMEHTHI, PEXYyIIUE HMHCTPYMEHTHI, My(denabHas Tmedb, TEepMOCTar,
pa3pbIBHAsSMAIIIMHA, MASTHUKOBBIN KOTIED.

I[JI?I HpOBeI[eHI/Iﬂ JICKIIMOHHBIX u HpaKTI/I‘ICCKI/IX SaHHTI/Iﬁ 110 JOUCLHHUIIIINHEC
«MarepuanoBeieHHE» HE TPeOyeTCs CIeUATU3UPOBAHHOTO IPOrPAMMHOTO 00€CIICUeHHUS.
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