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Meronnueckre pPeKOMEHAAIMU ISl BBITIOJHEHUS CaMOCTOSTEIBLHOW PabOThI CTYIEHTOB TIO
mucuuiuinie OI1.05S MATEPUAJIOBEJIEHUE, sBisromieiicss 4acTbi0 TPOrpaMMbl MOATOTOBKU
CIICLIMATIMCTOB CpEeAHEro 3BeHa no cnennanbHocTh: 23.02. 06 TexHuuyeckasi IKCILUIyaTAUA
NMOJABUKHOTO COCTABA JKeJIe3HBIX I0POT

Meroanueckrue peKOMEHAAIMU MO BBIMOJHEHUIO CaMOCTOATENIbHONM paboThl aJpecOBaHbI
CTyJI€HTaM OYHOU (PopMBbI 0OyUCHHS.

Meroanueckue peKOMEHIAIMu BKIIOYAIOT B ce0s 11eb, 3aJja4M, IepeueHb 00pa30BaTeIbHbIX
pesynbTatoB, 3asBiieHHbIX PI'OC CIIO, obecrieueHue 3aHATHSA, KpaTKUE  METOJUYECKHE
MaTepualibl MO TeME, BOMPOCHI JJIsi 3aKPEIUICHUSI U MHCTPYKIHUIO MO BBITIOTHEHUIO, METOIUKY
aHanu3a pe3yJIbTaToB, MOPSAIOK MPOJEIaHHON pabOTHI.

Opranuzanus —pazpadbotuuk: bpsackuit pumuman [I'VIIC
PazpaboTuuk: Honruniesa JI.A.- npenogaBarens bpsuckoro ¢unmmana [I'VIIC

OnobpeHo Ha 3aceJaHUM IHMKIOBOH KOMHCCHH 0O0IIenpodecCuoHalbHbIX, €CTECTBEHHO-
HAaY4YHBIX 1 MATEMATHYECKUX JUCLUIIINH
ITporokos Ne 7 ot «19» mas 2023 r.

PaccmoTtpena Ha 3acemannu MeToIM4eCKOro COBETa
IIpoTokon Ne§ ot «24» mas 2023 r.

PexomenioBana k yrBepxaeHuto llegarornueckum copeTroMm
ITpoTokon Ne§ ot «25» mas 2023 r.



IHosicHuTe IbHAS 3aNIMCKA

Lenpro pazpabOTKU AAHHOTO METOAMYECKOTO YKa3aHWs SIBISETCS OKAa3aHUE METOJUYECKOMN
NOMOIM B CaMOCTOATENbHON paboTe OO0ydalomuxcs Mpud HU3YYCHUH JUCHUTUIIUHBI,
ornpe/ereHre YpOBHS 3HaHUM U YMEHUH TIPU BBIMOJTHEHUH CAMOCTOSITEILHON paOOTHI.

CamocrositenbHas padota odyuaromuxcsa (CPC) — ogHO U3 OCHOBOMOJIAraroux TpedoBaHUN

®denepanbHOTO rocyAapCTBEHHOTO 00pa3oBaTeNbHOTO CTaHjaapTa CPEIHETO
npodeccroHanbHOTO 00pa3oBaHUs, IUIaHUpyeMas YydyeOHas, ydeOHO-HCCleI0BaTeIbCKasl
pabota ¢ 00y4aroIuxcs, BHITIOIHSIEMas: BO BHEAYUTOPHOE (ayJMTOPHOE) BPEMS IO 3aJIaHUIO U
IIPU METOJIMYECKOM PYKOBOJCTBE MTPENOIaBATENSA, HO 0€3 ero HeMOCPEACTBEHHOTO YYaCTH .

JlaHHBIE METOAUYECKHE YKa3aHUs TOMOTAlOT JIydllle MOATOTOBUTHCS K MPEICTOSIIUM
3aHATUAM, 3aKPEMUTh MOJyYeHHBIC 3HAHUA U yMEHHMs. J[aHHBIE METOINYECKUE PEKOMEHIAINH
COCTAaBJICHBl B COOTBETCTBMU C paboueit mporpammoir mno guctumimHe OIL 05
Marepunanosenenue, no cneuuanbHoctu 23.02.06 TexHudeckass dKCILryaTauus ITOABUKHOIO
COCTaBa JKEJIE3HBIX JOPOT(BaroHsl) B padboyell mporpaMMe Kypca npeaycMoTpeHo 35 4acoB Ha
CaMOCTOSITENIbHYIO padoTy.

B coctaB MeToanuecknx yKazaHUM BXOJSAT pa3fieiibl: 1eJIb CAMOCTOSITEILHOM paboThl, MJIaH
CaMOCTOSITENIbHOM pabOThl, COJIEpPKaHUE CAMOCTOSITENIbHOM paboThl 00YYarOIIUXCS.

B JaHHBIX METOAMYECKUX YKa3aHUSAX MOCJIENOBATEIbHO M3JAraroTcs 3afaHus s
CaMOCTOSITENIbHOM paboThl 00Y4arOIIUXCS.

1.Hesb caMmocTOATEIHHOM PA0OTHI.

Llenpro caMOCTOSATENBHON PA0O0THI 00YUYaIOIIMUXCS ABISETCS OBJaJeHUue (yHAaMEHTAIbHBIMU
3HaHUAMHU, IPO(PECCUOHATFHBIMUA YMEHHUSIMH U HAaBBIKAMU JIEATEIHHOCTH 10 TIPOGUITIO
CHEIHATbHOCTH, OTIBITOM TBOPUYECKOM JIEATEIHHOCTH.

OCHOBHBI€ 11€JIH CAMOCTOSATEILHON pabOThI C O0YHAIOIIUXCS:

- CHUCTeMaTH3aIus 1 3aKperieHue TEOPETUUECKUX 3HAHUM 1 IPAKTHUECKUX YMEHUH

oOyyJarommxcs;

- yrayOJeHne U paciiupeHrne TEOPETHUECKUX 3HaHUH, (popMHUpoBaHUEe YMEHHUI HCIIOIb30BaTh

CIIPABOYHYIO JJOKYMEHTAIUIO U JOTOJIHUTEIBHYIO TUTEPATYPY;

- pa3BUTHE NTO3HABATENbHBIX CIOCOOHOCTEHN U aKTUBHOCTH 00YYarOIINXCsl, TBOPUECKON

WHUIIMATHBBI, CAMOCTOATEILHOCTH, OTBETCTBEHHOCTH U OPTraHU30BAHHOCTH;

- (hopmHupoBaHUE CAMOCTOATEIBHOIO MBIIIIJICHMS;

- pa3BUTHUE UCCIIEIOBATEIHCKUX YMEHUM;

- mpuoOpeTeHne yMEHHI MOJIb30BaThCs CIPABOYHOM JINTEPaTypOil, HOPMATUBHBIMHU

JTOKYMEHTaMHU, SJIEKTPOHHBIMH U HHTEPHET pecypcamu.

B pe3ynbTaTte ocBoeHUs y4eOHON AUCIUIUIMHBI O0YYAIOIIUICS JOJHKEH yMemb:

— BBIOMpaTh MaTepuanbl Ha OCHOBE aHajW3a WX CBOWCTB M TNPUMCHEHHUS

MIPOM3BOICTBEHHON JCSITEILHOCTH.

B pe3ynbTaTe ocBoeHUs y4eOHON AUCIHUIUIMHBI 00yYarOUIUICs JOJIKEH 3HAMb:

— CBOMCTBA METAJIJIOB, CIUIABOB, CIIOCOOBI UX 00Pa0OTKH;

— CBOWCTBa W 00JacTh MNPUMEHEHHUS JJICKTPOTEXHUYECKUX, HEMETAUTHUYECKUX
KOMITO3UIIMOHHBIX MaT€pUaJIOB;

— BUJIBI U CBOWCTBA TOIUIMBA, CMa30YHBIX M 3alTUTHBIX MAaTEPHAJIOB.



Texyuuii KOHTPOJIb CAMOCTOATEIHLHOM BHEAYIUTOPHOI PadOThI CTYJACHTOB 110
nporpamMMe y4eOHoOM JMCUMIIINHBI

OIL.5 MarepuaJjioBegeHue

AJIA CIICNUAJIBHOCTH

23.02.06 Texunueckasi IKCIUIyaTAIUA MOJABUKHOIO COCTABA KeJI€3HbIX I0POT

35 gacoB

n/n

HaunmenoBanue
pa3aesioB U TeM

Bun paéornl, 3axaHust

DopmbI
KOHTPOJIA

KoaunuectBo
4acoB

Pa3zgea 1.
Texuojorus
METAaJLJIOB

16

Tema 1.1. OcHOBEI
METALJIOBECHUS

IToAroToBKa K MPAKTUYECKUM 3AHATUAM:
«OrnpeneneHue TBEPAOCTU METAILIIOBY;
«Onpenenenue yIapHOu BA3KOCTH
METaJuIoBY. BrinonHeHue pedeparoB wiu
IIOATOTOBKA IIPE3EHTALMNA 110 MPHUMEPHON
TeMaTuke: «MeTamibl M HX CBOMCTBaY,
«Kpucrammmsauus METAJIJIOBY,
«IIpumenenue METAJIJIOB Ha
JKEJIE3HOJAOPOKHOM  TpaHcmoprey, «M3
UCTOPUM  JKE€JI€3a» C MHCIOJIb30BaHUEM
UH(POPMALMOHHBIX pecypcoB MHTepHera,
OCHOBHOM M JOTIOJIHUTEIbHON JINTEPATYPhI

3amuTa

IIPaKTUYECKUX
pabor,

YCTHBIHA OIIPOC

Tema 1.2. OcHOBEI
TEOPHH CIIABOB

[ToaroroBka k abopatopHoii padore:
«HMccnenoBanne nauarpaMMbl  COCTOSIHUS
JKEJIE30yTIEPOAUCTBIX CIUIABOBY.
Beinonnenue pedeparoB wiM MOATOTOBKA
npe3eHranuii no teMaM: «bymar —
3HameHuTas craiby, «Kpucramn J[.K.
YepHoBa», «Mup craje U CIUIaBOB» C
HCII0JIb30BaHUEM UH(POPMALIMOHHBIX
pECYpCOB, OCHOBHOW M JONMOJHUTEIBbHOU
JUTEPaTYpPhL; BBITNIOJTHEHHE
VMHAVBUAYAJIBHBIX 3aJaHUN TI0 AMarpaMMe
COCTOSIHUI KEJE30YIIIEPOAUCTBIX
CILJIaBOB.

3alUTa OTYETOB
1o
n1abopaTopHOMY
3aHSTHIO

Tema 1.3.
Kenezoyrnepoaun
CTBIE,
JIETUPOBAHHBIE U
I[BETHBIE

[ToaroToBka K J1abOpaTOpHBIM paboTam:

«HccnenoBanue MHUKPOCTPYKTYPBI
YIJIEPOJAUCTBIX  CTallel W YYT'yHOBY;
«HccnenoBanue MHKPOCTPYKTYPBI
[IBETHBIX METAJIOB M CIUIaBOBY». Padora ¢
TEXHUYECKUMU CTIPaBOYHUKAMH:
pacudpoBka MapoK CIIaBOB,
oTpenieieHne MEXaHUIECKUX
XapaKTEPUCTHK CIUIABOB, BHIOOP PEKHMOB
TEpMUYECKOil 00pabOTKH CIUIaBOB, BHIOOP
CIUIAaBOB JJIi M3TOTOBJIEHUS KOHKPETHBIX
JeTajeii; BBHIMOJIHEHHE pedepaToB WIH
MOJTOTOBKA TMpPE3eHTAlMii 10  TeMaMm:
«YTIepoanuCThIe CTAIU U UX NPUMEHEHUE
Ha  TIOJBMJKHOM  COCTaBE€  IKENE3HBIX
nopory, «CIutaBbl IIBETHBIX METAJUIOB M X
NpUMEHEHHE Ha TMOJBM)XKHOM COCTaBe
KENE3HBIX JIOpOr» C HCHOJIb30BAHUEM
UH(POPMALIMOHHBIX pecypcoB MHTepHera,
OCHOBHOM M JIOTIOJTHUTEILHOU JINTEPATYPHI

3alUTa OTYETOB
o
1a00paTOPHBIM
3aHATHSM,
YCTHBIH OIIPOC

Tema 1.4.
CrocoOsn1

[ToaroToBKa K MpakTUYECKOH paboTe:
«Bp160p Mapku Meramia Ui KOHKPETHOMH

3almuTa
MPAKTUYCCKUX




00paboTKu neTanm u  crmocoba ero  oOpabOTKM. pabor,
METAJJIOB Pabora ¢ TexHHMuecKuMH CIIpaBOYHHUKAMM: YCTHBIﬁ onpoc
pacmudpoBka MapoK CIIJIABOB;
onpeeseHue MEXaHUYECKHUX
XapaKTEePUCTUK CIUIABOB; BBHIOOP PEKUMOB
TEPMUYECKON 00pabOTKH CILIAaBOB; BBHIOOP
CIJIAaBOB JIJII  HW3TOTOBJICHHUS JICTAJICH;
BbIOOp cHoco0a M3rOTOBJIEHUS JAETajH.
IToaroroska Mpe3eHTalUM WA
BBITTOJTHCHHE pedeparon c
HCIIOJIb30BAHUEM MH()OPMAITMOHHBIX
pecypcoB  MHTepHeTra, OCHOBHOW U
JIOTIOTHUTEILHOM JUTEPATYPHI,
BBITIOJIHCHHE WHJAMBUAYAJIbHBIX 3aJaHUIN
mo BEIOOPY crocoba 00paboTKH AeTand,
COCTaBJICHUIO IepeyHs JeTajneu
JIOKOMOTHBA, U3rOTaBIMBACMBIX JINThEM U
JIaBJICHUEM
Paznea 2.
DJIeKTPOTEXHHYE
CKHe MaTepHaJIbl
Tema 2.1. Brimonnenue pedeparon WM | YCTHBIA OIIPOC,
[IpoBOAHUKOBEIE, | TIPE3CHTALMH ¢ UCIIOJB30BAHUEM | cobecemoBaHMe
MOJYIIPOBOHUKO I/IH(l)OpMaI_II/IOHHI:IX pPECYPCOB, OCHOBHOU H
BEIC, JIOTIOJTHUTEILHOM JIUTEpaTyphl MO TeMaM:
«IIpoBOHUKOBBIE MAaTE€pUaIbl BBICOKOTO
JTUDJICKTPHICCKUE
yIEIBHOTO COMPOTUBICHUNY», «MarHuTHO-
W MarHuTHBIC | yigrgpe  MaTepHambly, «MaruurHo-
MaTCpHaJIbl TBepAple  Marepuans», «lIpumenenune
JIUAJICKTPUYCCKUX MaTepHuasoB Ha
MOJABUKHOM COCTAaBE JKEJIE3HBIX 10POT».
BrinonHeHne WHAWBUIYAIIBHOTO 3aJaHUS
10  COCTaBJIEHHWIO  TaONMI]  CBOWCTB
JUAIEKTPUKOB, MIPOBO/IHHUKOB,
MOJIYITPOBOJTHUKOB u MAarHMTHBIX
MaTepHaJoB
Pasznea 3.
JKUNUPOBOYHBbIE
MaTepHuasbl
Tema 3.1. Bunsr BreimonHeHnue mo TeMaM: « Buabl TOIIUBaY, CobecenoBanue
TOILIMBA ((CBOﬁCTBa TOIIIINBA, «HpI/IMeHeHI/Ie YCTHBIﬁ orpoc
TOIJIMBA  HA  TIOABMKHOM  COCTaBE
JKeJIe3HbIX JIOpOT». Brmonunenue
WHUBU]1yaJIbHOTO 3a7IaHUs o
CPaBHUTEIBLHOMY aHANM3y pPa3HbIX BUIOB
TOILJIMBA
Tema 3.2. Brimmonnenune peti)epaTOB WU IIOJATrOTOBKA yCTHHﬁ omnpoc
CMa30uHbBIE npe3eHTtauuii mo temam: «HasHauenuwe u
MaTepHabl BUJIBI KUJKUX CMa30YHBIX MaTepUaIOBY,
«IIpumeHeHne CMa30YHBIX MaTepUaIOB Ha
MOJABUKHOM COCTaBE JKEJE3HBIX IOPOT»,
«Croco0b1 MOJIy4eHUs KHAJIKHAX
CMa304HBIX  MaTepuanoBy, «CrocoObl
MOJIYYeHHUSI  TUIACTHYHBIX  CMAa30YHBIX
MaTepHaIOB) c HCTIOJIb30BAHUEM
nH(OPMAIIMOHHBIX pecypcoB HHTepHeTa,
OCHOBHOW M JIOIOJHUTEIbHOM JINTEPATYPHI
Paznen 4.
IHonumepHbIe
MaTepHuaJbl
Tema 4.1. [TogroToBka coobmennii 1o Temam: | CobecemnoBaHUE




Crpoenue u «CTpocHre TOMMMEPOB M CIOCOOBI MX |  yCTHBIA OIPOC
OCHOBHEIE noinydeHusi», «CBOWMCTBA MOJMMEPOBY,
CROMCTBA «TepmomuacTUyHbIE IIJIACTMACCBI M UX
MOMHMEPOB MIPUMEHEHNE Ha TMOJBHXKHOM COCTaBe
JKene3HbIX Jopory, «TepMopeakTuBHbBIE
IJJaCTMacChl M HUX [PUMEHEHHE Ha
MOJBMKHOM COCTaBE JKEJIE3HBIX JIOPOI»,
«Marepuanbsl Ha OCHOBE IOJUMMEPOB U UX
NPUMEHEHHE  HAa  KEJIE3HOIOPOKHOM
TPaAHCIIOPTE» c HCIIO0JIb30BAHUEM
nH(OPMAaIMOHHBIX pecypcoB HHTepHeTa,
OCHOBHOW M JIOTIOJHUTEIBbHOW JINTEPATYPBI
Paszpgea S. 2
Kommnoznnuonn
ble MaTepuAaJIbl
Tema 5.1. Bunpsl u | Beimonaenue pedeparoB uinm moaAroToBka YCTHBIN OIIpOC 2
CBOMCTRA Npe3eHTaluid 1o TemaM: «JluCIepCHO- | oryer B TeTpaau
KOMITO3HIHOHHBIX | YIPOUHCHHBIC KOMIO3UIIMOHHBIE
MATEPHATOB MaTepHuabl», «BonokHucteie
KOMITO3UIIMOHHbIE MaTepHuabl»,
«Crnoucrsie KOMIO3UIIMOHHBIE
matepuansl», «CBoiicTBa U  00MacTh
MIPUMEHEHUS KOMITO3UIIMOHHBIX
MaTepHaIoB) c UCII0JIb30BaHUEM
nH(opManMoHHBIX pecypcoB WHTepHera,
OCHOBHOM M JIOTIOJTHUTEJIbHOM JINTEPATYPBI
Pa3neu 6. 3
3anuTHLBIE
MaTepUaJIbl
Tema 6.1. Bunaesl Brimmoanenne pe(i)epaTOB WK IIOJATrOTOBKA yCTHHﬁ ompoc 3
3aIUTHBIX Mpe3eHTallui 10 TeMaM: «3allUTHbIE
MaTepualoB MTOKPBITHSIY, «Cnocv0651 HAHECEHUS
3alIUTHBIX  TOKpbITHIY, «IIprumeHeHune
3alIUTHBIX TOKPBITHII Ha MOJBHXHOM
cocTaBe YKEJIE3HBIX Jlopor c
HCIIOJIb30BAaHUEM UH(GOPMaITMOHHBIX
pecypcoB  MHTepHeTra, OCHOBHOM U
JIOTTOJTHUTEITbHOM JIUTEPATYPBHI.
IToaroroBka K 3K3aMeHY

PCBYJIBTaTBI KOHTPOJISI UCITOJB3YIOTCA AJIsI OICHKH TCKyH.[GfI YCIIEBACMOCTHU CTYACHTOB.
3. Conepxanne caMOCTOATEILHON padoThI

N3y4eHune TeopeTu4ecKoOro Kypca

[Ipuctynass K BBIMIOJIHEHUIO CAMOCTOATEIBHOW pabOThl MO AUCHMIUIMHE, CTYIACHT JOJDKHBI
U3Y4YUTh y4eOHYIO JIUTEpaTypy, METOJUYECKHE YKa3aHus ¢ 3aJaHusl [ BbIIOJHEHUS
WHJIUBUAYAJIbHBIX 3aIaHUM.

OcHogHble 3manvl pabomwl ¢ Y4eOHOU Jumepamypou

[Ipucrtynaiite K BIyMYUBOM, JETaIbLHOM, OCJIEI0BATEIHLHON MPOPAOOTKE KaXKI0T0 pasjea.

[IpounTanHbIl MaTepHuall CIEAyeT BOCIPOU3BOAUTH MO MamATH. Ecin mociie mpOYMTaHHOIO
OCTAJIUCh BOIPOCHI, MPOUTUTE MOBTOPHO. UuTas, crapaiTech HE TOJIBKO 3alIOMUHATH COAECPKAHUE
M3y4aeMoro marepuaina, HO U COCTaBJIATh KPATKUH KOHCIIEKT, B KOTOPBIM BHOCHUTE OCHOBHBIE
MOJIOYKEHHUS U3y4aeMOT0 pa3iena.

[IporpamMmoii y4eOHON AMCHUIUIMHBI MarepualoBeeHUe MpelycMaTpuBaeTcsl H3yueHue
IIMPOKO NMPUMEHSAEMBIX B TEXHUKE METAJUIOB, CIUIABOB U HEMETAUIMYECKUX KOHCTPYKIMOHHBIX
MaTEepUajIoB, UX CBOMCTB, CIOCOO0B 00pabOTKH.



[Io yCBOEHHOMY CaMOCTOSITEIBHO MaTepuay CTYACHTBl OTYUTBHIBAKOTCS MPHU CAAYE TECTOB
TEKYLIEr0 KOHTPOJISA, & TAKKE MPU IPOMEKYTOUYHOM KOHTPOJIE HA IK3aMEHE.

3axanue:

Tema 1.1. OcHOBBI METAJIIOBEICHUS

Knaccudukanus wmeramwioB. Kpucrammmzamuss wmertamioB. Kpucraminueckoe CTpoeHUe
metaiioB.  CBoiicTBa  MeTayuioB:  (U3MYECKHE, XHMHYECKHE, MEXaHHUYeCKHue U
texHosornueckre. CrnocoObl OmpeleNieHUusT OCHOBHBIX CBOMCTB METa/UIOB. SIBIeHuUs
aJUIOTPOTIMU U AHU30TPOIUU

Tema 1.2 OCHOBBI TEOpUH CIIABOB

Cucrema craBoB. KomnoneHTsl cuctembl. @a3bl cmiiaBoB. CTPYKTYypHBIE COCTABIISIOIIME
CILJIABOB: TBEP/IbIil PACTBOpP, XMMHUUYECKUE COCIMHEHUS, MEXaHUYECKass cMech. CBA3b MEXIY
CTPYKTYpPOU U CBOMCTBAMM CILIABOB.

IlonaTne nuarpaMmsl COCTOSIHUSA. J(MarpamMma COCTOSIHMS JKEJIE30YIVIEPOIUCTHIX CIUIABOB.
OCHOBHBIE TOYKA W JIMHUWA JWarpaMMbl COCTOSHHUSL KEJIE30YIJIEPOJAUCTHIX  CILIABOB.
Kputnueckue Touku craneit (touku YepHosa). BiusiHue yriepoaa U MOCTOSIHHBIX PUMeECEN Ha
CBOWCTBA CTajen

Tema 1.3. XKenezoyranepoaucrsie, JIETUPOBAHHBIE U [[BETHBIC

Knaccudukanus crameid. YriaepoaucTsle KOHCTPYKIIMOHHBIE CTaJM: BHUJbI, CBOWCTBA,
MapkupoBka 1o I'OCTy, npuMmeHeHHEe Ha TMOJBHKHOM COCTaBe JKeNe3HbIX jopor. Oomue
CBEJICHUSI O TepMHUuYecKoil 00paboTke craneil. da3oBbie MPEBpalICHUS MPU TEPMUUECKOU
o0OpaboTke ctaneil. Buapl TepMuueckoit 00pabOTKU: OTHKUT, 3aKalika U OTIYCK CTainu. BiausHue
TEPMUYECKON 00pabOTKH HAa MEXaHUYECKHE CBOMCTBA CTAJIU.

OOmme cBeleHHUS O XMMHUKO-TEPMHUYECKON 00padoTke ctaneil. JlernpoBaHHBIE CTalH, HUX
Kkiaccudukanus. BiausHue Jerupyrolmux 3JIEMEHTOB Ha CBOMCTBa crajiel. MapkupoBKa Mo
I'OCTy nernpoBansbIX ctasieid. [I[puMeHeHNE JTErMpOBaHHBIX CTAlEd HA KEIE3HOAOPOKHOM
TpaHcnopTe. L{BETHBIE METAIIIIBI U CIUIaBbl HA UX OCHOBE. AJIFOMUHUH U CIIJIaBbI HA €70 OCHOBE.
Menp u criaBel Ha €€ OCHOBE. AHTU(PUKIIMOHHBIC MOANIMITHUKOBBIC CIUIaBbl. MapKUpPOBKa
IBETHBIX CIUIaBOB. [IpriMeHEHNE 1IBETHBIX METAVIOB U CIUIABOB HA WX OCHOBE Ha MOJABUKHOM
COCTaBE JKEJIE3HBIX JOPOT.

Tema 1.4. CriocoOb1 06pabOTKH METAIIIOB

JIuteitHoe mpon3BoacTBO. CTepikHEBBIE U (DOPMOBOUHBIE MaTepuaibl. MeToabl TOTyUeHHUS
ornuBoK. CrenuanbHble CMOCOObI JHUThSA. JIUTeiiHBIE CIUTaBBl, WX TNPUMEHEHHE Ha
KEJIE3HOJOPOKHOM TPAHCIIOPTE.

OOpaboTka MeTa)yIOB JaBliecHWEeM. Buasl 00paOOTKM METauIOB JaBJICHUEM: IPOKATKa,
MIpeccoBaHUe, BOJIOYEHHE, CBOOOJHAs KOBKA, IITaMIOBKa. M3nmenus, mnoiydaemble mnpu
00paboTKE J1aBICHUEM.

CrnocoOs1 cBapku. [Taiika u peska MeTaiuioB. [I[puMeHeHne pa3IMYHbIX BUIOB CBapKH, MaiKu
U pE3KM METAJIOB B PEMOHTE MOJBHKHOIO cocraBa. OOpaboTka METaJIOB pPE3aHHEM Ha
TOKAPHBIX, CBEPIUIBHBIX U (PPE3EPHBIX CTAaHKAX

Tema 2.1. IIpoBOJHUKOBBIC, TMOJYIPOBOJAHUKOBBIC, JAUAICKTPUUECKHE W MarHUTHBIC
MaTepuabl

[TpoBOAHUKOBBIE, MOJYITPOBOAHUKOBBIC, TUIEKTPUUECKUE U MATHUTHBIE MaTepHUalbl: BUIbI,
CBOMCTBA U MPUMEHEHHE Ha TOJIBUKHOM COCTABE JKEJIE3HBIX JOPOT

Tema 3.1. Buasl Tormsa

TBepnoe, xkuaKkoe U razoodpazHoe ToOmIMBo. CBOWCTBA U MPUMEHEHUE PA3IUYHBIX BHJIOB
TOIUIMBA HA MOJIBUKHOM COCTABE KEJIE3HBIX TOPOT

Tewma 3.2. CMa304HbIe MaTepUaIbI



Ha3nauenue cma3z04yHbiX MatepuasioB. JKujakue, TJIaCTUYHBIE M TBEPAbIE CMa30YHBIC
MaTepualibl: UX BUJIbI, CBOMCTBA U MPUMEHEHUE HA MOJIBUX)KHOM COCTAaBE KEJIE3HBIX JOPOT

Tema 4.1. CTpoeHre U OCHOBHBIE CBOMCTBA MOJIMMEPOB

CocraB, cTpoeHHE W OCHOBHBIE CBOMCTBa MOJUMEpOB. CHOCOOBI MOJYYEHHS IMOJIUMEPOB.
Marepuainbl Ha OCHOBE NOJUMEPOB. [IpMeHeHNe MOJMMEPHBIX MAaTE€pUajoB Ha MOABUKHOM
COCTaB€ JKEJIE3HBIX TOPOT

Tema 5.1. Buabl u cBOMCTBa KOMIO3UIITMOHHBIX MAaTEPHUAIOB

Kommo3uirionHble MaTepuanbl: Ha3HaueHue, BHUIBI M cBoilcTBa. CmocoObl MOJy4eHUS
KOMITO3UIIMOHHBIX MaTepHayioB. [I[puMeHeHnEe KOMIIO3MIMOHHBIX MATEPHAIIOB HA MOABUKHOM
COCTaBE€ KEJE3HBIX JIOPOT (3JIEMEHThl BHYTPEHHETO OCHAIICHHUS BaroHOB, KOMIIO3UIIMOHHBIC
TOPMO3HBIE KOJIOJIKH H JIp.)

Tewma 6.1. Buapl 3alIUTHBIX MaTepUasoB

3anuTHBIE MaTepuaibl: Ha3HAuYeHWE, BUJbI, cBoMcTBa. CrocoObl HAHECEHUS 3alIUTHBIX
MarepuaiioB. [I[puMeHeHre 3alUTHRIX MaTepPUAIOB Ha MOJIBMKHOM COCTaBE KEJIE3HBIX JOPOT

Kpurepum onenkmn:

OueHnka Kpurepuu ouenku

«5» - OTIMYHO [IpaBunbHOE MIOJTHOE, [OCJIe10BaTeIbHOE
MEepEUHCICHUE ACHCTBUI

«4» - xopouo [IpaBrIbHOE HEMOJIHOE MEPEUUCICHUE TEUCTBUI

«3» - yIOBIETBOPUTEIBHO HapyiieHue nociiejoBaTeIbHOCTH AEUCTBUI

«2» - HEyIOBJIETBOPUTEIHHO HenpaBuisHO BBIOpaHbI ISHCTBUS

PedepaTuBHas padora

Lensio pedepaTuBHOM padOTHI ABIISETCS Oosiee yriyOJeHHOE U3yUYEeHHE MaTeprara.

[Ipu BemMOMHEHWU pedepaTuBHOW pPaOOTHI CleAyeT OPUEHTUPOBATHCS HA TPHUMCHCHHE
HanOoJiee TEPCIEKTUBHBIX M HSKOHOMHYHBIX TEXHOJOTHMYECKHX IPOIIECCOB, COBPEMEHHBIX
MaTepualioB opranuzanuu padbor. KaxmaoMy cTyaeHTy HeoOXoauMo ciath 2 pedepara, TeMbl
pedepatoB CTyIeHT BBIOUpPAET CAMOCTOSTENIBHO.

Crpykrypa pedepaTuBHOIl padoThI

PedepaTuBHas paboTa COCTOUT U3 CIICAYIOMMUX Pa3/ICIIOB

-TUTYJIbHBIU JIUCT;

- CO/IepKAHUE;

- BBEJICHUE;

- cTielMalibHasl 4acTh pedeparta;

- IuTepaTypa.

O6neM pedeparta T0JKEH COCTABIISATh HE MEHEE S MeUaTHBIX JTUCTOB A4.

®dopwma npuema pedepata — cobOecenoBaHUE.

IoaroroBka k 1a00paTOPHO-NPAKTUYECKHUM 3aHATHSIM.

K apyrum Buaam caMOCTOSITENIBHOM pabOThl OTHOCSATCSA: MOATOTOBKA K JIaDOpaTOpHO-
MPaKTUYECKUM paboTaM, UX 3alUTe.

JUis  TOATOTOBKM K  JIaDOpAaTOPHBIM W MPAKTHUYECKUM  3aHATHSAM  PEKOMEHIYETCs
UCIIOJIb30BaTh yueOHoe mocobue [1]; KOHTPOJBHBIE BOIPOCHI, MPEACTABICHHBIE B ITOM K€
y4eOHOM TTOCOOUH.

Ha »sTame moAroToBKH K BBIMIOJHEHUIO JaOOPATOPHBIX M MPAKTUYECKUX PAaOOT CTYIEHTHI,
pabotas ¢ autepaTypoii [1; 2], oM KHBI MPOAHATU3UPOBATH LIETH U COEP KaHUE MPEACTOSIICH
paboTHI U COCTABUTH TUIaH BBIMOJIHEHUS MPEACTOSIIEH pabOThI.



[Ipexxne Bcero mepes CTyACHTOM, BBIOJIHSAIOMIUM J1a00paTOPHBIE U MPAKTHUECKHE PaboTHl,
CTOUT 3ajjaua MpUOOPETEHUsI COBOKYITHOCTH 3HAHUHM, YMEHUI U HaBBIKOB.

Bakneimmm stanom 1a00paTopHOro HKCIEPUMEHTA, KaK U JII000U NesTEIbHOCTH CTYACHTOB
B yU4€OHOM IIPOLECCE, ABISETCS NOATOTOBUTENBHBIN 3Tall, BKIIOYAIOIIUN B CeO:

1) yscHeHME NMOCTaHOBKM 3a/lay, O3HAKOMJIEHHE C LEJSIMH, COACpPKAHUEM U CPEJICTBAMHU
peaCTOoALEH padoThI;

2) HaxOX/AECHHUE TEOPETUUYECKOr0 0OOCHOBAHMSI TEX SIBJICHUM U MPOLIECCOB, B3AaUMOCBSI3EN U
3aKOHOMEPHOCTEN, KOTOPBIE JIEKaT B OCHOBE padOTHI;

3) cocrapiieHue T1aHa paboTHI;

4) oATrOTOBKY OTYETA JJI1 BHECEHHS pE3YyJIbTaTOB PabOTHI;

5) IpOrHO3upOBaHUE PE3yIbTATOB.

Ha ostame naGopaTopHOTO 3aHATUS KaXAbIH CTYIACHT OBJA/JE€BAET OIBITOM IPOBEICHUS
71a00paTOPHBIX HCCIEAOBAHUNA B COOTBETCTBUU C IUIAHOM U MPOTPAMMOM, OCMBICIHBACT
MOJIyYeHHBIE PE3YyJbTaThl, TOTOBUT JAHHBIE ISl COCTABJICHUS 3aKIIOYUTEIBHOTO OTYETA O
BBITIOJTHEHHON padoTe.

CTpyKTypa METOIMKH MPOBEIEHUS 1a0OPaTOPHBIX padoT:

- TeMa U3 IPOrpaMMBl 10 TUCLHUILIMHE «MaTtepruanoBeeHUE;

- 11eJ1b JJabopaTOpHOIl pabOoTHI;

- IepeveHb MaTepUajIoB U 000PyAOBaHUs AJIs IPOBEAEHUS JJaOOpaTOPHOU padOTHI;

- KpaTKue TEOPETUYECKUE MTOTIOKEHUS;

- IOPSIIOK BBINIOJIHEHUS], KPATKOE OMMCAHUE ITPUEMOB JIEATEIBHOCTH, POPMBI ITPEICTAaBICHMUS
pe3yNbTaTOB MUCCEN0BaHUs (TaOMUIbl, AHArpamMMmbl, TpaduKu, U300paKEHHE HCCIETYyEMBIX
MUKPOCTPYKTYD);

- BBIBOJIBI 110 paboTe;

- KOHTPOJIbHBIE BOIIPOCHI.

KadecTBO  3aKiIOYMTENILHOIO  OTYeTa MO  JIA0OpaTopHOW  paboTe  MOKa3bIBAET
PE3yNbTATUBHOCTh BCEH AESATENBHOCTU CTYJIEHTOB B JJAOOPATOPHOM MPAKTUKyME B paMKax
JAHHOMW TEMBI.

3amuTa 1a00paTOpPHBIX PadOT MPOBOJUTCS HA CIEIYIOIIMX 3aHATHUSAX.

[Tpumeps! 3aaHuil A1 CaMOCTOSITENIbHOM pabOThl O MPAKTUYECKUM 3aHATHUSM MPUBEICHBI
HIDKE.

[TpakTueckue 3anatust Nel

OnpenesieHne TBEPAOCTH METAJIIOB

Llenb: 03HAKOMUTBCA C YCTPOMCTBOM Tpecca bpuHenns, a Takke IpUHIMIAMU UCTIBITAaHUS
METaJUIOB Ha TBEPAOCTH

O6opynoBanne u MaTepuasibl: Tnpecc bpuHenns, MepHas Jyna, IITAHTCHUUPKYIb,
MeTaJuIMuecKre 00pasibl, CIPaBOYHbIE MaTEPUAIIBL. .

ConepsxaHue 3aHATHS:

1. U3yunTh METOAMKY ONPEAEIIEHNS TBEPAOCTH METAILIIOB.

2. 3apucoBaTh OCHOBHbIE MpPUOOPHI U METOAMUKH OMNpENEJeHHs TBEPAOCTU C
MOSICHUTEIbHBIMU paciin(poBKaMHu.

3. [IpousBecTu pacueT TBEPAOCTU U ONPEACTUTH MAPKY METaJlIa 10 CIPABOYHOMN TaOIHIIBI.

4. CnenaTh OCHOBHBIE BBIBOJIBI IO paboTe.



KpaTkue TeopeTnueckue CBEACHUS

TBepaocThi0 HA3bBIBAETCS COMPOTUBIEHHUE MaTepHalia MPOHUKHOBEHUIO B HETO JPYroro
Oosee TBepaoro Tena. TBEpHOCTh MeTajlla ONPEAESAIOT BAABIMBAHWEM B METAIMYECKHUN
oOpaser] noj OnpeneieHHON Harpy3Kol HaKOHEYHMKA: CTAJbHOIO 3aKAJIEHHOTO IIapHKa HWIN
aJiIMa3Horo kouyca. Ilpu 3ToM mpoucxoauT miactudeckas aedopmanus marepuana. M3 Bcex
BUJOB MEXAaHWYECKUX HCHBITAHUI TBEPIOCTb OINPEAEISAIOT Yalle BCEro. JTO OObSCHSETCA
IPOCTOTOM U BBICOKOM MPOM3BOAMTEIBHOCTBIO METOJIa U3MEPEHMSI TBEPAOCTH, & TAKXKE TEM,
YTO HUCHBITAHUE MOXHO IPOBOAUTH HAa CaMOM H3JeauM (mosypadbpukare WiIM JeTallu), HE
BbI3bIBasi €ro noBpexaeHus. CyIecTBYeT HECKOJIbKO METOJIOB HCIBITAaHUS MaTepuajoB Ha
TBEPIOCTB.

Haubosee npumeHsieMbIMU SBISIOTCS:

1) meron bpunemns; 2) metop Pokgena.
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a) Ilo merony bpunesuisa. C mOMOILIBIO PHIUAXKHOTO Mpecca B MOATOTOBJICHHBIA 00paser
BJIaBJIMBAIOT CTaIbHOM 3akanéHubIiil mapuk d = 10; 5 umum 2,5 Mm.

Cuna BIaBIMBaHUS PETYJIUPYETCS MPOTUBOBECOM M MpUHUMAaETCs: F = 30d* — g5 cramu u
gyyryHa (kI'c); F = 10d” — st MeM, aTIOMHUHUS 1 MX cIuiaBoB; F = 2,5d> — juist MATKHX CIUIABOB
Ha OCHOBE 0JIOBAa U CBUHIIA.

Teépnocts (HB) onpenensitor cornacHo 1uamMerpa oTneyaTka 1mo tTabiauiam, mpuiaraeMbiMm
K npubopy wiu o popmyne HB = F/S.

JlnameTp oTneyarka 3aMepseTcs PYU NOMOIIY MEPHOM JIYIIBI.

0) Ilo metroay PokBesan. C momoipio mpecca B MOATOTOBJICHHBIA 0Opa3el] BIaBIUBAIOT
CTanbHOI 3aKanéHHbIH mapuk d= 1,58 MM mmm anmasHsiii konyc (o= 120°). Harpyska F = 100
kl'c — gnsg mapuka u 150 kI'c - ang anmasHoro konyca. Teépmocte HRB wmnmum HRC
OTPENENAIOT MO IIKajJaM Mpubdopa B 3aBUCUMOCTH OT IJIYyOMHBI BJAaBJIMBaHMS (CIUHUIIA
TBEPAOCTU — mepemernieHrne HakoHeuHrka Ha 0,002 MM (2 MKM)).

Brlinonnenue paboTbl

1.BHUMAaTEIBbHO U3YYUTE KPATKUE TEOPETUUECKUE CBEICHUS.

1.1. 3aunctuth nurMdoBaapHON OyMaroit 00pasibl MeTaja A0 3epKAIHLHOTO OJecKa.

1.2.YcranoBuTh oOpaszell Ha CTOJIMK Ipecca. BpaiieHuem MaxoBUKa MOJHSITH €ro Ji0
CONPUKOCHOBEHUSI C MIAPUKOBBIM HAKOHEUYHUKOM M CO3/1aTh MpeIBapUTEIbHYIO Harpy3Ky (« 100
kl'c).

1.3. BxkarouuTh ABUraTedb mpecca JJIsl CO3JaHUs YCUJIMS BIABIMBAHUS HA IIAPHK, a
MOCJIE OKOHYAHUS IMKJIA UCTIBITAHUS - BBIKIIOUUTD.

2. CxeMa UCTBITaHUS:
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2.1.BpamieHremM MaxoBHKa OCBOOOIUTH OOpaszel] M MpU MOMOIIM MEPHOM JIymbl 3aMEPUTH
muametp otnedatka (d) ¢ TounocTsio 70 0, 1 MM.

2.2.0npenenuts 1o tabaune TBEPAOCTh MeTaia oopaszua (HB).

2.3.0mpenenuTs mpeaes NIpoYyHOCTH (G,) MeTallja o0pasiia Ha pa3phiB:

6, = 0,36 HB - njs cranu;

c; = 0,1 HB - s gyryHa.

2.4. Ilo Tabnu1ie yCTaHOBUTH COOTBETCTBYIOIIYIO MapKy MeTala.

2.5 Pe3ynbTaThl HCTIBITAHUN 3aHECTH B TAOIUILY:

[uamerp  |unne BIABIUBaHUSA IaMETP Teépnoctes mo|lIpenen Mapka
Ne mapuka D,|P, xI'c TeJaTKa bpunemmo HB |nmpouHocTH CT,,| MeTaIIa
OIIBITA | VM MM MIla
1. 10 3000
2. 10 3000

KoHTponpHbIE BOITPOCHI

1.Yto Takoe TBEpIOCTh?

2.B Kakux eIMHHIIAX U3MEPSAETCS TBEPAOCTh?
3.Kaxk ycTpoen npubop JiJ1st UCTIBITAHUS TBEPIOCTH?

CHucoK UCTIOIB3yEMO JINTEPaTyPhI

1. Crp.11- 32, 39 bongapenko ['.I. MarepuanoBeaeHne y4eOHHK Jid CPEIHETO
npodeccronanbHoro obpaszoBanusi / I'.I.bonmapenko, T.A.KaGanosa, B.B. Pribanko; mon
penakmue/ I'.I".bonmapenko - 2-e¢ um3n.- MockBa: M3marensctBo HOpaiit, 2021. — 329 c.
(ITpodeccuonansuoe obOpazoBanue). — ISBN 978-5-534-08682-9. — TekcT: 37€KTpOHHBIN//
O6pazoBartenbHas maatdopma FOpaiit (caitt). — URL: https://urait.ru/bcode/470070

[Tpaktuueckue 3anstus Neo 2

OnpenesieHne TBEPAOCTH U YAAPHOH BSI3KOCTH METAJLIIOB

[lenb: 03HAKOMHUTHCS C YCTPOMCTBOM MAasiTHUKOBOI'O KOIpPA, UCHBITAHUEM METAIIOB Ha
yAapHYIO BSI3KOCTh

OOopynoBanre W MaTepHallbl: MAasSTHUKOBBIM KOTEpP, IMTAHTCHIIUPKYJb, METaJUTMYECCKUE
00pasIsl.

ConepxaHue 3aHATHS:

1. I3y4nTh METOAUKY ONPEACICHUSI TBEPIOCTH U YAAPHOU BSI3KOCTH METAILIOB.

2. 3apucoBaTh OCHOBHBIE MPUOOPHI W METOIUKH OMPEIACICHUS YIApHOW BS3KOCTH C
MOSICHUTEJbHBIMU pacIlIi(PppOoBKaMHU.

3. OnpenenuTs 3amac SHEPTUU MasiTHUKA

4. Caenatb OCHOBHBIE BBIBOJIbI 110 palboOTeE.



Kparkue TeopeTndyeckue cBeICHUs

[Ipu skcmutyaTaluu pas3iaudHble JIeTadld W KOHCTPYKIMHM 4YacTO MOABEPraroTCs yAapHbIM
Harpy3kam. JTa XapakTEepPUCTHKAa MEXAaHUUYECKUX CBOMCTB UTPAET OTPOMHYIO POJIb MPHU OLICHKE
CITy’KEOHBIX CBONCTB KOHCTPYKIIMOHHBIX, & TAK)KE MHCTPYMEHTAJIbHBIX CTAJICH.

Uem Oosibllle BEIMYMHA YJIAPHOM BSI3KOCTH, TEM JIydllle MaTepuan CONPOTUBIAETCS
JUHAMUYecKON Harpyske. OOpasipl U3 XPYNKUX MaTepUaioB JOMAIOTCS JIETKO, C HEOOIBIION
3aTpaToil paboThl Ha paspyuieHue. OOpasibl U3 MIACTUYHBIX MAaTepUaIoB HA00OPOT — TPEOYIOT
Ha paspylieHue Ooiiblied >Hepruu. Marepuansl, TpeOyromue OOJIBIION 3aTpaThl SHEPTUHM Ha
W3JIOM Ha3bIBAIOT BS3KUMU. Bce wMarepuanbl, W3 KOTOPHIX H3rOTABIMBAIOT JETalH,
BOCITPUHUMAIOIINE JUHAMUYCCKHAE HATPY3KH, 00s3aTCIIBHO UCTIBITHIBAIOT HA Yap.

BBISIBASIIOT CKIIOHHOCTH METaJljla K XPYNKOMY pa3pyIICHHUIO.

HcenpiTanuga BHINOJHAKT HA MAATHUKOBOM KoOIIpe€.

Puc. 2.14. CxemMa HCIIBITAHMIA Ha YAAPHYIO BA3KOCTD:
a —— CX€Ma MaATHHKOBOI'0 Konpa; 6 — pacnonoxenue o6pasua Ha konpe; | — Kopnyc; 2 —
MaATHHK, 3 — oOpaseL

[Ipu ucnpITaHUU TI0 MIKAJIE MPUOOPa OTPELIISIOT:

- HavalbHYI0 dSHepruio mMasitHuka K= Gh,

- KOHEUHYIO HEpruio (0CTaTOuHYIO mocie paspyuienus oopasna) K;=Gh,

- Pa6ota ynapa paccuutsiBaercs mo popmyne: K=G(h;-h,)
VenbHast yaapHas BI3KocTh onpesenser mo popmyiae KC = G(hi-hy) /S, (Jx/cm?)
rie So — IO IOIePedHOro cedeHns oopasia (0,8 cm?).

Brlinonnenue paboTbl

HcnpiTanue Ha yIapHYIO BI3KOCTH MPH MTOMOIIM MasSTHUKOBOI'O KOTIpa.

1. Komep ocHaméH MacCMBHBIM MAasTHHKOM, SHEPrUs KOTOPOTO HCIOIb3YyeTCs s
HCIIBITAaHUS 00pA31I0B MeTasIa yYJIapHOM Harpy3Koil.

Cxema UCTbITaHuUS:



a. Pama kompa; 6. . Mastauk; B.McnbiTyemslit oOpaselr; e.JIeHTouHbIH TOpMO3

2.. IlonHATh pamy Kompa U 3apUKCUPOBATh €€ MOJIOKEHUE.

.3.YCTaHOBUTH CTPEIKU U3MEPUTEIIBHON IIKAJIBI B HYJIEBOE ITOJIOKECHHUE.

4. TlomHATP MasTHUK N0 cpaOaThIBaHUs 3allENKU yAEp>KUBAIOUIEH €ro B IOJIHATOM
ITOJIOKEHUU.

S.IItanreHnupkyiaeM mpoBepuTh pazMepbl oopasna (10x10 mMm , /=55 MM) U yCTaHOBUTH
€ro Ha OIOPHI KOIIPa HaJIPE30M B CTOPOHY, IIPOTHUBOIOJIOKHYIO YIApy.

.6. Haxxumas HOro Ha mejanp, BBIBECTH JIEHTOYHBIM TOPMO3, 3aT€M MOBOPOTOM 3alIENKU
ocBoOOUTH MassTHUK. [locne paspyiieHust 00pasua OTIMYCTUTh Ieajlb, BKIIOUYUB TOPMO3 JJIS
MOTAIlIEHUs KOJIEOaHU MAsITHUKA.

7.CorsmacHoO MOKAa3aHUAM CTPEIOK ONPEAECIUTh IO IIKaje 3aIlac dHEPruyd MAasTHUKA 0
pa3pyuienus oopasua E; u octaTok sHepruu nociue ero paspyuenus E,.

K=E,-E, (1)
VY nenbHas ynapHas BSI3KOCTh MaTepHaia oopasia:
KC =K/ Sy (oc cM*/) (2)

8.Pe3ynpTaThl HCIBITAHUN 3aHECTH B TAOJUILY:

No [Tnomanp 3anac sHepruu N36p1TOK PaGota Ha VY napnas
MOTIEPEYHOTO Kompa SHEPTUU paspylieHue BSI3KOCTD
ceuyeHus oopasiia E,, dx KOIpa oOpasia KC, Tx/cm
S, cm E,, JIx K, JIxx
1 0,8
2 0,8

KoHTponpHbIE BOITPOCHI
1.B kakux ciaydasx MpoBOASATCS UCHBITAHUS HA YAAPHYIO BA3KOCTh?

2Kakue ¢akTopsl BAUSAIOT HA BEIMYUHY YAAPHOU yIETbHON BA3KOCTH?
3. O KaKux CBOMCTBAX MaTepHaJia CYAAT IO BEJIUYMHE YIAPHOU YAEIbHON BA3KOCTH?

4. B 4eM cOCTOUT NMPUHLHUIT pabOThl MasiTHUKOBOTO KoIpa?

5. Kakne maTepuansl oABEprarOTCs UCIIBITAHUSM Ha YIAPHYIO BA3KOCTbH?

CnHcoK HCIOIB3yEMO JINTEPATYPHI

1.Ctp. 44. bonmapenko ['.I'. MarepuanoBenenue yueOHUK I CpeIHET0 TMPOo(hecCHOHaTBEHOTO
obpazoBanust / [I'.I'bommapenko, T.A.KaGanoBa, B.B. Pribanko; mox penaknue/
I'T.bonmapenko - 2-e wu3a.- MockBa: MW3parensctBo IOpaiit, 2021. — 329 c.
(ITpodeccuonanbuoe obpazoBanue). — ISBN 978-5-534-08682-9. — Tekct: 31meKTpOHHBIN//
Oo6pazoBatenpHas miatdopma FOpait (caiit). — URL: https://urait.ru/bcode/470070



JlabopaTopHoe 3austus Nel

HccnenoBanue 1uarpaMmMbl COCTOSIHUS KeJ1€30yTI1€POIMCTHIX CIVIABOB

Llenv: V3y4nTh U HaydUThCS aHAJIU3UPOBATH JUATPAMMY COCTOSIHUS JKEJIE€30YIIIEPOJUCTBIX
cIu1aBoB. PaccMOTpeTh NHpeBpalleHUs], IPOUCXOIAIINE B JKEIE30YIJIEPOIUCTHIX CIUIABaX IpHU
MEIJIEHHOM OXJIaXKJIEHUU U HarpeBe.

Obopyoosanue u mamepuansi: Jlnarpamma coctosaust cucrembl Fe — Fe3C. Tabnuibl
MHUKPOCTPYKTYD KEJI€30yIIIEPOJUCTHIX CIIJIABOB.

Cooeporcanue 3anamus:

1. W3yuuTh aAuarpaMmy cOCTOSIHUSA (PUCYHOK).

2. IlpuBectr pacii(p)pOBKH OCHOBHBIX €€ TOYEK.

3. IlepeunciuTh OCHOBHBIE (Pa3bl CIJIaBA U MPUBECTU UX KPATKYIO XapaKTEPUCTHKY.

4. Cnenatb OCHOBHBIE BBIBOJBI IO padOTE U MOJATOTOBUTH YCTHBIE OTBETHI HA KOHTPOJIbHBIE
BOITPOCHI.

Kpartkue TeopeTudeckue cBeIeHus
JuarpaMma COCTOSIHUSL XapakTepu3yeT (Da30BbI COCTaB KEJIE30yTJIEPOAUCTHIX CIUIABOB
(cTaneil 1 4yryHOB) B pPAaBHOBECHOM COCTOSIHUH, T.€. IPH MEAJICHHOM OXJIQXK/IEHUH, KOTJa B
CIUIaBaX YCHEBAIOT MPOM30UTHU AHU(PYy3MOHHBIE MPOIECCHI, COMPOBOXKIAIOIIME (Ha30BBIMU
npespaieHns. OCHOBHBIMA KOMIIOHEHTAMH JKEJIE30yTIEPOJUCTBIX CIIJIABOB SIBIIIFOTCS JKEJIE30
U YIJIepOa

B3auMozeiicTBue xene3a U yriiepoaa COCTOMT B TOM, UTO YIJIEPOJ MOXKET paCTBOPATHCA Kak
B JKMJKOM (pacIUIaBJIC€HHOM) jKejle3e, TaK U B Pa3IMYHBIX €ro MOJU(UKAIUSIX B TBEPJIOM
COCTOSIHHH.

Takum 00pa3oM, B KeNe30yrIepOAUCTBIX CIUIaBaX MOTYT OOpa30BBIBATHCA CIEAYIOIINE
(da3bl: )KUIKUN pacTBOp, TBEpAbld pacTBop. IIpeBpamieHuss B xene30yriepoaucThiX CIIaBax
MPOUCXOJNUT KakK MpU KPUCTAJUIM3AUMU (3aTBEpJAEBAHUM) KUAKOW (a3bl, TaK U B TBEPAOM
COCTOSIHHH.

CrpykrypHble cocTaBisitomue criaBoB Fe — C

Tepmun OnpeneneHue, XapakTepUCTHUKa

Oeppur @epput(®) — TBepAbld pacTBOp yriepoma B o-xkenese. .
CYILIECTBYET B CILJIaBaX Mpu temmneparype Huxke 727°C.

AyCTeHUT Ayctenut (A) — TBepAblii pacTBOp yrjiepoja B y-keneze. A.

CYILECTBYET B CIUIaBax npu Temieparype Boiue 727°C. [lpu 727°C
A. conepxut 0,8%C, npu 1147°C —2,14%C.

LemeHTHUT [Hementur (L) — kapOup xene3a, xuMuyeckoe coenunenue. [lpu
BCEX TeMIeparypax cymecrBoBanus L. comepxkur 6,67%C. B
3aBUCUMOCTH OT YCJIOBHM 0Opa3zoBaHus paznuyatot L1.: mepBudHbIi
III, oOpasyromuiics u3 XUAKOW (a3pl B BHUAEC HUTOJIHYATHIX
kpuctauioB u Bropuunbii {11, obpaszyromuiicst u3 TBEpaAOH (haswl

JleneOypur JleneOyputr (JI=A+1l) — wmexaHwdeckas CMeCh ayCTCHHTA U
uemenTuta (3BTekTUKa). JI. comepxkur 4,3% C. Ilpu Temneparype
HwKke 727°C aycteHUT jeaecOypuTa pacrajgaercss Ha MepiauT u
IEMEHTHT.

[Tepmut [Tepaut (II=®+1]) — mexaHnudeckas cmech GeppuTa U LEMEHTUTA
(aBrexrounn). I1. conepxur 0,8%C.
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ACD — nuHus nuKBHIyCca — HA4aJIO IEPBUYHON KPUCTAJUIN3ALAN CILIABOB.

ITo AC — BeImaaaroT KpUCTAJIIBI ayCTEHNTA, 110 CD — epBUYHOr0 HEMEHTUTA.

AECF — nunHus conuayca — 3akaHUMBaAETCA MEPBUYHAS KPUCTAILTA3AUs CILIABOB.

B ob6nactu AESG — aycrenurt. Ilpu ero oxnaxaenuu no GS HauyMHaAETCS MEPEXO] Y B O -
’KEJIE30 U BBINAAI0T KPUCTAIUIBI (peppuTa.

[lo ES — aycTeHHWT HayMHAET pacmanaTbCs BBIAENSAS H3OBITOYHBIA YIJIEPOA B BHUIE
BTOPUYHOI'O LIEMEHTHUTA.

B Touke S — u3 aycreHHUTa OJHOBPEMEHHO KPUCTAIUIM3YIOTCS (DEPPUT U LIEMEHTUT, 00pazys
ABTEKTOU/]] — ITEPIIUT.

JI03BTEKTOUIHBIE CTAIA COAEPKAT (DEPPUT U MEPIIUT.

3asBrekTouannie (> 0,83 % C) comepkaT NEPJIUT U LIEMEHTUT.

ECF — nuHus nene0ypuTHOTO NMPEBpAILCHUs] — 3aKAHUMBAETCS TIEPBUYHAS KPUCTAILTU3ALIUS
ayrynoB. B touke C (4,3 % C) npu 1147 °C oHOBpeMEHHO KPHCTAIUIH3YIOTCS AyCTCHHUT M
LIEMEHTHUT, 00pa3ysi MEXaHUYECKYIO CMECh (IBTEKTHUKY) — JIEACOYPHT.

ITo EC — o6pa3yrorcs nolrektudeckue uyryHel (2,14...4,3 % C). OHu cocTosT u3
KPUCTAJIJIOB ayCcTeHUTa M jenedypura. [Ipu oxnaxaeHUH pacTBOPUMOCTh YIJIepo/ia B JKelese
CHUYKAETCSl, U OH BBIJIETISICTCS U3 ayCTEHUTA B BUJI€ BTOPUYHOTO LIEMEHTHUTA.

[To CF — oOpasyercs 3a’BTektuueckue 4yyryHol (4,3...6,67 % C), KOTOpBIE COCTOST W3
nene0ypuTa v MEPBUYHOTO IIeMeHTHUTA (OeJIble YYT'YHBI).

PSK — nunus nepnutHoro npespamieHusi. Huxke He€ NMpouUCXOIUT OKOHYATEIbHBINM pacnaj
ayCTEHUTA, CBSI3aHHBIN C Y — oL IPEBPAILIEHUEM B 3KeJie3€ U 00pa3oBaHUEM IEpIIUTa.

JIO3BTEKTUYECKUE UYTYHBI COJEpPXKAT MEPJIUT, LIEMEHTUT U JIeAeOYpPHUT, 3a9BTEKTUUECKUE —
Jee0ypUT U IIEMEHTHT.

Brinonnenue paboTbl

1. Hageptute nuarpamMmy, yKaKMTe MapaMeTpbl OCHOBHBIX Touek. KpaTko ommimmute, 4TO
co00Ii MpeCTAaBISIET ayCTCHUT, GeppPUT, IEMEHTHUT, JeAOypUT, TIEPIIUT.

2. Onumure, Kakue MPOLECCH MPOU30OWAYT CO CIUIABOM B 33JaHHOM IPOLIEHTHOM
COJIEp’)KaHUU YIJIepoJa NpHU MEJICHHOM OxJaxiaeHuu. J[laHHble B3sATh U3 TaOMUIBI B
COOTBETCTBUH C BAPUAHTOM.

3. Kakue CTpyKTypbl IMEET CIUIaB B TOUKax 1u 27

4. CocTaBUTh OTYET U CAENATh 3aKII0YCHHE O MPOICTaHHON padoTe
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KoHTponpHBIE BOITPOCHI

1. YUto takoe dhepput?

2. Yto Takoe ayCTEeHUT?

3. Yo Takoe ieMeHTHUT?

4. Yrto Takoe nepaur?

5. UTo Takoe N03BTEKTOUIHAS CTalb?
6. UTo Takoe 3a3BTEKTOU/IHAS CTAJIb?
7. UTo Takoe AOIBTEKTUUECKUN YyTYH?
8. UTo Takoe 3adBTEKTUUYECKUN UyTyH?

Tlokazamenu 1 2 3 4 5 6 7 8 9
Coaep:xanue yriaepoaa % | 0,3 2,7 0,5 2,5 0,7 2,3 0,9 1,5 1,1
Temmneparypa B Touke 1 1400 1100 | 1300 | 1100 | 1200 | 1300 | 1150 | 1350 | 1220
Temnepatypa B TOuKe 2 750 700 600 900 650 950 700 650 750

CHOucox UCroab3yeMoi INTepaTyphbl
I. Crp 80 boumapenxko I'.I'. MarepuanoBenenue y4eOHUK JJiE  CPEIHETO

npodeccronanbHoro obpaszoBanusi / I'.I'.bonnapenko, T.A.KabGanoa, B.B. Pwibanko; mon
penakiue/ I'.I".bonmapenko - 2-e¢ usn.- MockBa: M3parensctBo HOpaiit, 2021. — 329 c.
(ITpodeccuonansuoe obpazoanue). — ISBN 978-5-534-08682-9. — TekcT: 37€KTpOHHBIN//

O6pazoBarenbHas miatdopma FOpaiit (caitt). — URL: https://urait.ru/bcode/470070




JlabopatopHoe 3ansiTue Ne2

HccnenoBanue MUKPOCTPYKTYPHI YIJIEPOAUCTBIX CTAJIeH M YYT'YHOB.

Lleny: O3HAKOMHUTBCS C YCTPOMCTBOM METayUIOrpaduiyecKoro MUKPOCKOINA U MPUOOpEeCcTH
MPAKTUUYECKHE HaBBIKK pabOThl HAa HEM; O3HAKOMHUTHCS C MPOLECCOM MPUTOTOBICHUS
MUKPOLLIH(OB; MPOBEICHNE MUKPOAHAIHN3a YITIEPOJUCTHIX CTale U 4yryHOB; MpUOOpETeHHE
HABBIKOB 3aPHCOBKH MUKPOCTPYKTYP METAJIOB U CIUIaBOB.

Obopyoosanue u mamepuansi: Metamiorpapuueckuii MUKpPOCKOI, HA0Op MUKPONILIU(OB
YIJIEPOAUCTHIX CTANICH M UyTyHOB, (DOTOCHUMKHA MUKPOILIH(OB

Cooeporcanue 3ansamus:

O3HAKOMUTHCS C YCTPOMUCTBOM MeTAILIOrpaduuecKoro MUKPOCKOIIA;
[TproOpecTn MpakTHYECKHE HABBIKU pabOThl HA MUKPOCKOTIE;
O3HAaKOMUTHCS C POIECCOM MPUTOTOBIICHUS MUKPOLLTH(OB;
[TpoBecTn MUKpOaHAIHU3 YTIIEPOIUCTHIX CTaJIeH;

3apucoBaTh MUKPOCTPYKTYPY YTIAEPOAUCTHIX CTANCH;

3apucoBaTh MUKPOCTPYKTYPY UYTYHOB;

CocTaBHUTH OTYET U ClIeTaTh 3aKII0YCHHE O MPOJICTaHHON paboTe

Nowunk L=

Kpatkue TeopeTnyeckue cBeIeHUs
Cranu conmepar xene3o, yriepoa u npumecu Si, Mn, P, S.

_ a 6 8
Pnc. 4.2. MHKpOCTpYKTYypa CTanei:
a — CTpyKTypa ao3prektouaHoi cramu 40 (x200); 6 — cTpykTypa IBTEKTOHAHOH CTAIH
V8 (x1000); 8 — cTpykTypa 3a3BTeKTOMAHOM cTank Y12 (x200)

[To conmeprkanuio yriepoja pa3inyaroT CTalu:
1) Huskoyraepomucteie (mo 0,25 % C) — mmacTuuHbl, MajgonpodHbl. [IpuMeHSIOT st
JIeTaJIe He HeCYIINX OOJIBIITUX HArPy30K.
2) Cpenneyrnepoaucteie (0,25...0,6 % C) — mnpouHble H BSA3KHE — OCHOBHOM
KOHCTPYKITMOHHBIM MaTepual.
3) Beicokoyrnepoaucteie (0,6...1,3 % C) - uMeOT BBICOKYIO TBEPAOCTh, MPOYHOCTh H
XPYIKOCTh. [I[pUMEHSIOT B OCHOBHOM KaK HHCTPYMEHTAIbHBIC
ITo cTeneHn pacKUCIICHHS Pa3IMYaloT:
KII — xkunswue cmaau — HEMOTHOCTHIO PACKHUCIIEHHBIE, CPAaBHUTEILHO JCHIEBBIC M HAaUMEHEE
Ka4eCTBCHHBIC.
CIl - cnoxounvle cmanu — TIOJMHOCTBIO PACKHUCIEHHBIC, Haubojee OJHOPOAHBIE U
KaueCTBEHHBIE.
I1C — nonycnoxoiinsie, UMEIOT MPOMEKYTOYHBIE CBOMCTBA U CTOUMOCTb.
Packucnenue cmanu 310 — ynajaeHue KUCIOPOAa U3 CTAIU B KUIKOM COCTOSTHHH.
[To Ha3HAUYEHUIO CTANINA PA3IUYALOT:
1. Yraepoauctsie KOHCTPYKIIMOHHBIE CTaIN



1) Venepooucmuie koncmpyKkyuonHvle 00bIKHOBEHHO20 KAUecmead.
BrlTycKaroT B BUJE JINCTOBOIO U COPTOBOrO NpoKarta. Pa3aensroT Ha Tpu Irpynisl:
A — crapaHTHel 10 MEXaHUYECKUM CBOMCTBAM.
b — 1o XMMHYECKOMY COCTaBYy.
B — 110 MeXaHWYEeCKHM CBOMCTBAM U XUMHUYECKOMY COCTABY.
Mapxkupytor Cm u uudpoit or 0 go 6, ykaspiBaromieit Ha Ne mynkra B crtangaprte. C
yBEJIMYEHUEM HOMEpPA yBEIMUYUBaAETCs cojepkanue yriepona. (Hanmpumep: Cm3 — conepxur
0,14...0,22 % C, Cmé6 —0,38...0,49 % C).
[Tpumepsl mapkupoBku: BCm3CII — ctanp yriiepoaucTas KOHCTPYKIIMOHHAsL, OOBIKHOBEHHOT'O
KauecTBa, rpynnsl B, Ne nmyHkra B cranmapre 3, crnokoiHas. (I'pynna A B MapKUpOBKE HE
YKa3bIBa€TCH).
2) Kauecmeennvle yanepooucmsie cmanu.
HMeroT noHWxeHHoe conaepxanue Bpeansix npumeceit (P u S - go 0,03 %). BeimyckaroT c
rapaHTHEN 10 XMMHUYECKOMY COCTaBY U MEXaHUYECKUM CBOMCTBAM.
MapxkupyroT nudpoii o coiep>KaHuIo yriaepoa B COTBIX JIOJSIX MPOLIEHTA.

Hanpumep: Cmansl0KII — yrieponucras KOHCTPYKIHMOHHAs CTajb, KayeCTBEHHAs,
coaepxut 0,10 % C, xkunsiasi;

IL YTi1epoAuCThIe HHCTPYMEHTAJIBHBIE CTAIN
Conepxar 0,7...1,3 % C. Mapkupyrot OykBoii Y 1udpoii mo copepkaHuio yriepoja B
JIECIAThIX AoJisiX mpolieHTa. Hampumep, Y74 — cranb yriepoauctasi, WHCTpYMEHTaJbHas,
MOBBIIIEHHOTO KA4€eCTBa, cojiepkanue yrieposaa 0,7%
[IpuMEHSIOT JI71s1 U3TOTOBJICHUSI MOJIOTKOB, 3yOWJI, HAMMJIBHUKOB U T.]I.
IIprmepbl MapKUPOBKH:

YyryHsl - XpyInkue ciuiaBel copepxkamue 2,14...6,67 % C. UyryHsl conepxaiue yriepos B
dbopme LIEMEHTHUTa Ha3bIBAIOT — Oeablmu. OHU HE MOAJAIOTCA MEXaHUYeCKoW o0paboTke u
MPUMEHSIOTCSI B OCHOBHOM J1JIS IIEPEACIIKH B CTAJIb.

ITo cTpykType UX pa3fenstoT Ha TPU IPYIIIbL:

1. Cepuoiti uyeyn — coaepKuT yriiepoa B dopme
IJIACTUHYATOTO rpadura. OO6pabaTsIBatoTCs
pPE3aHMEM U UMEKT XOpOIUHE JMUTEHHBIE KayecTBa
(ycaaka no 1 %).

Mapxkupyrot: C4 10, CH 15...CH 45. lludpa
MOKAa3bIBACT MpEAeNl MPOYHOCTH MPU PACTSHKEHHUH
(kc/Mm?).

Mexanuueckue XapaKTEPUCTUKU (O
yIIy4IIaloT MoauduipoBaHueM (T.e. BBEACHUEM B
MeTal CUJIMKOKAJIBIHA, CIOCOOCTBYIOIIETO
W3METBUYCHUIO TUIACTUHOK TpaduTa).

[Ipumensrtor CY g MacCUMBHBIX — OTJIMBOK
(CTaHUHBI CTAHKOB, TOPMO3HBIE KOJIOJKH U T.II.)




2 Bwicokonpoumwiti  uyeyw  —  TOJy4aroT
Moau(UKAIMEH Ceporo 4yryHa MarHueM W IepUueM B
KUJKOM COCTOSIHMM MEpe] pa3iInuBKoW. B pesynbrare
oOpa3yeTcsi IIapOBUIHBIN rpauT, 4TO 0OECIeUnBaAET
METAJUTy BBICOKYIO TMPOYHOCTh H  JOCTATOYHYIO
IJIaCTUYHOCT.

Mapkupyrot 6ykBamu BU u nByms umciamu -
npeAen MPOYHOCTH U OCTAaTOYHOE YJJIMHEHWE MpU
paspbiBe 00pasiia, Hanpumep BY 40-5.

[IpumeHsItIOT 1711 OTJIIMBKH  OTBETCTBEHHBIX
neTanen (KOJeHYaThIX BaJIOB, HIECTEPEH U T.I1.)

3. Kogkuu wy2yn — MOMy4arOT JJIUTEIBHBIM OTHKUTOM
(o 80 wacoB) oTiMBOK U3 Oemoro YyryHa
crenuaibHOro  cocrasa. Ilpu omxkwure (HarpeB
970...740 OC) MPOUCXOJUT pachaj I[EeMEHTUTAa U
BBIJICJICHUE XJIOMBEBUIHOTO rpaduTa, YTO MO3BOJSET
MOJYYUTh BBICOKYIO MPOYHOCTh, YJAPHYIO BSI3KOCTH
KOPPO3UOHHYIO CTOMKOCTh. Mapkupyrot KU
[Ipennasnauenst KY s M3rotoBieHus Jeraien
CJIO)KHOM (OpPMBI, TMOJBEPKEHHBIX JTUHAMHUYECKUM
Harpyskam (pblyaru, KOKyxu, COeIMHUTEIbHbIC YACTH
TpyOONPOBOJOB U T.I1.) .

. Beimosnenue paboTsl

1. O3HaKOMUTHCS C YCTPOUCTBOM MeTauiorpaduueckoro MUKpPOCKONa .

2. O3HaKOMHTHCS C MPOIECCOM MPUTOTOBIEHUS MUKPOILTA(OB.

OnwucaTe mpouecc NPUroTOBICHUS MUKPOLLITU(OB.
3. UccnenoBaTh  MHKPOCTPYKTYpYy  LuiMda

YTIIEPOIUCTBIX

crajieu

(I[OBBTGKTOI/II[HBIX, OBTCKTOMJIHBIX U 333BTGKTOHI[HI>IX) IO MUKPOCKOIIOM.

4. 3apucoBaTh BHJHUMBIE II0J] MHUKPOCKOIIOM MHKPOCTPYKTYPHI

nuameTpoM 50 MM M yKa3aTh CTPYKTYpPHbBIE COCTaBIISIFOLIME.
5. Onucarb METOIMKY MOJYYEHUSI BBICOKOMPOYHOTO U KOBKOT'O YYT'YHOB.
6. 3yunth Tpaduk 3aBUCUMOCTH MEXAHHMYECKHUX CBOWMCTB CTald OT

COJIepKaHusl yriiepoia
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KoHTpoJsIbHBIE BOIIPOCHI

1.ITo kakoMy IpU3HAKY AEJIAT CIUIABBI HA CTAJIA U YYT'yHbI?

2.Ha3oBHTE CTPYKTYPHBIE COCTABISAIOIINE KEIE30-YIIIEPOAUCTBIX CILUIABOB.

3.[Jatp knaccuduKanuio CTajueil mo cCoAepKaHuIo Yriiepoaa, XMMHUUIECKOMY COCTaBy, CIIOCO0Y
PACKHCIEHUS U HA3HAYCHHUIO.

4.1lepedncnuTh OCHOBHBIE BUJIbI TEPMOOOPAOOTKHU CTAJIEH.

5.0nucath CTpYKTYpy CEPBIX UyTYHOB, UX MAapKUPOBKY U 00JaCTh IPUMEHEHHUSI.

6.0nucaTh CTPYKTYypY BBICOKOIPOYHBIX YYT'YHOB, UX MapKHPOBKY, TEXHOJIOTHIO IOJIYYCHUS
1 00J1aCTh IPUMEHEHHUS.

7.0nucaTh CTPYKTYpY KOBKHUX YYT'YHOB, UX MapKUPOBKY, TEXHOJIOTHIO MMOJTYYEHUs U 00JacCTh
IIPUMEHEHUS

CIHCcOK UCTIOIB3YEMO JINTEPATYPHI

Crp 124-135 boumapenko I'.I'. MarepuanoBeaeHue ydyeOHUK Il CPEIHETO
npodeccuonanbHoro obpaszoBanusi / I'.I.bonnapenko, T.A.KabGanoa, B.B. Pribanko; mon
penakmue/ I'.I".bonmapenko - 2-e¢ u3n.- MockBa: M3marensctBo HOpaiit, 2021. — 329 c.
(ITpodeccuonansuoe obpazopanue). — ISBN 978-5-534-08682-9. — Tekcrt: 37IeKTpOHHBIN//
Oo6pazoBatenbHas iardopma FOpaiit (caiit). — URL: https://urait.ru/bcode/470070

JlabopatopHoe 3ansiTue Ne3

HccaenoBanne MUKPOCTPYKTYPbI IBETHBIX METAJJIOB H CILJIABOB

Ileny —3HATH CBOICTBAa WBETHBIX METANIOB W HUX CIUIABOB, ONPEIENSATh CBOWCTBA
MaTepualioB, MNPOBEICHUWE MHKpPOAHAIM3a CIUlaBa W NPUOOPETEHHE HABBIKOB 3apHCOBKHU
MPOCTEUILLINX MUKPOCTPYKTYP.

Obopyoosanue u mamepuauvi:MeTajiorpapuyeckuii Mmukpockon MMY -3V, o6pa3ubl ais
MUKpOaHajan3a, CIpaBOYHbIN aTiac ¢ poTorpadusiMu MUKPOCTPYKTYP.

Cooeporcanue 3ausamusi:

1. I3yunTh METOAMKY OIPEAEIIEHNS CBOKWCTB IBETHBIX METAJUIOB U UX CILJIABOB

2. 3apucoBaTh BHJIHMMBIE TOJ MHKPOCKOIIOM MHKPOCTPYKTYpPbl M YKa3aTb CTPYKTYpHbIE
COCTaBJISOILIHE.

3. Cnenatb OCHOBHBIC BBIBOJIBI IO paboTe.

Kpartkue TeopeTuueckue cBeeHus

LiBeTHbIe MeTaIbl. K 11BeTHBIM MeTasiaM, Hanbosiee HIMPOKO MPUMEHSEMBIM B TEXHUKE,
OTHOCATCS Me/b, AIIOMUHUMN, OJOBO, CBUHEL], IIMHK, MarHuii, TATAaH U WX CIUIaBbl. B uncrom
BHJI€ LIBETHBIE METAJJIBI UCIOJB3YIOT PEIKO, B OCHOBHOM UX MPUMEHSIOT B BUJIE CILIABOB.

Jlerupyrouiue 371eMeHThI, BXOSLIME B COCTAB LIBETHBIX METAJUIOB M CILJIaBOB, 0003HAYAIOT
3arjJaBHbIMU OyKBaMM pyCCKOro ajipaBuTa, HapuUMep alloMUHuM - A, Oepuiuii - b, xeneso -
K, xpemuuii - K, meap - M u 1. 1.

Mennble cniiaBbl. BaxHel My cruiaBaMu Ha OCHOBE MEJU SIBJIIFOTCSL OpOH3bI U JIATYHHU.

Bpon3a - 310 cnlaB Menud C OJIOBOM, CBHHIIOM, QJIIOMUHUEM M APYTHMMH 3JIEMEHTaMHU.
Ha3Banue OpoH3BI 3aBUCUT OT BTOPOTO KOMIIOHEHTa. BakHeHmMMU U3 OpOH3 SIBISIOTCS
OJIOBSTHHBIE, CBUHIIOBHIC, aJIOMUHUEBbIC, OCpUIUIMEBbIE U KpPEMHHUEBbIE. BpOH3BI MapKUpPYIOT
cleqyomuM o0pa3oM: cHauyana numryT OykBbl bp., o3Havaromme OpoH3y, 3aTeM OYKBBI,
MOKA3bIBAIOIINE, KAKHE 3JIEMEHThI BBEACHBI B OpOH3y, W nanee HU(]pBI, yKa3bpIBalOIIME Ha
COJIep >KaHUE 3THUX DJIEMEHTOB B MPOLIEHTAX.



OuioBsiHMCTBIE OPOH3BI 00JAAAI0T XOPOLIMMH JIUTEWHBIMH CBOMCTBaMH, KOPPO3UIHOMN
CTOMKOCTHIO M BBICOKUMH aHTU()PUKIIMOHHBIMUA CBOMCTBAMU, T. €. XOPOIIIO COMPOTUBIISIOTCS
U3HOCY U TPEHHUIO.

AsiloMmuHueBbIe OpoH3bI cogepkatr A0 10% amomunusg. OHU 007a7al0T TPOYHOCTHIO,
BBICOKUMHU aHTU(PPUKIIMOHHBIMA M TEXHOJOTMYECKUMHU CBOWCTBAMH, YCTOWYMBOCTBHIO B
aTMOC(EPHBIX YCITOBUSX.

Kpemuucrtbie 6pon3bl cogepxkar 2-3% kpemHus. OHM 00Jaat0T BBICOKUMHU JIMTEHHBIMU
CBOMCTBaMHU, KOPPO3UMHOM CTOMKOCTBIO B MOpPCKOM Bojie.. M3 Takux OpOH3 HM3rOTORJISIOT
NPYKUHAIIUE AETaIH, IPOBOJIOKY, JICHTY U T. 1.

HuxeseBble 0poH3bI, 00J1a1aI0T BBICOKOW BSI3KOCTBIO M KHUCIOTOCTOMKOCTBIO, COXPAHSIIOT
MEXaHMYECKHE CBOMCTBA JakKe IPU MOBBIIICHHBIX TEMIIEPATYpaX.

BepuiiiueBbie 6poH3bI (2% OepriLus) XOPOIIO YIPOUHSIOTCS TEPMUIECKONH 00paOOTKOM.

JlaTyHb - 3TO cruiaB Meau ¢ IMHKOM. Kpome 1uHKa, JTaTyHb COAEPKUT U JIPYTHUE AJIEMEHTHI,
HO B MEHBIIIEM, Y€M IIMHK, KojimuecTBe. JIaTyHb MapkupyroT OykBoi JI, 3a KOTOpoil CTOST
nu@pbl, yKa3pIBAIOIINE HA COJICPIKAHUE MEIH,

Paznuyuaror:

a) oegpopmupyemvie aamynu (4-39 % uMHKA) — IUIACTUYHBIC, JIETKO 00pabaThIBAIOTCS

JaBJIeHUEM, Xyxke — pe3anueM. [Ipu xonomHol o0pabOTKe aBlieHHEM MPUOOPETAIOT HAKIIETI,

MexaHn4yecKkue CBOMCTBA CHUMAaEeM
bIY
Mapka OpoH3bI Gus 5o, . O0J1acTh IPUMeEHEHU OTSKUTOM
Mida | npu
TeMIepaT
Antomunuegvie 6pon3vl ype
HarpeBa
BpAXHI10 -4 -4 650 350 150 Jnst oOpaboTku 1aBlieHUEM gOO- ..700
&
BpA10JK3MI2 490 12 117 DacoHHOE JIHTbE Mapku
PYIOT:
Kpemnucmas 6ponsa JI190 — Cu
—90%,Zn
KM - 1 380 35 %0 Ipyrkn, nposonoka, nentel s | — 10%.
pRMIS -
NPYXKUH JIKMig
59-11 -
bepunnueesan oponsa Cu -59%,
Fe — 1%,
[Tosrockl, MPYTKH, JICHTHI, MPOBOJIOKA Mn — 1%
bpb2 500 45 100
JUTSL IPY>KUH




0) aumeunvie namynu (39 - 45% 1nwWHKA) — JSTAIM W3TOTABIMBAIOT OTJIMBKON. XOPOIIO
00pabaThIBAIOTCS pE3aHUEM.

JIJst yIydimeHuss CBOMCTB, JATYHHU JICTUPYIOT OJIOBOM, KPEMHHEM, MapraHIleM U JAPYTUMH
KOMITOHEHTaMH, TIOJTyqasi CIIOKHBIC (CTIEIIUaTbHBIC) JIATyHH.

Mapxkupyrot: JI60 — Cu — 60%, Zn — 40%.

AJloMHHHeBbIe cIUIaBbl. OHU MOTy4aroTcsl J0OABKOW K aTIOMUHUIO MEIH, LIMHKA, MarHus,
KpEMHHUSI, MapraHiia U Jpyrux KOMIOHEHTOB. Takue crjiaBbl UMEIOT HEOOJIBIION y/IeTIbHBIN BEC
Y BBICOKME MEXAHUYECKHUE CBOMCTBA.

AJNIOMUHUEBBIE CIUIaBBI Pa3AeisAloTCA Ha AepopMHUpyeMble U TUTEIHBIE.

lledhopmupyemvie cnnasvl, ynpouHsieMble TEPMUYECKON 00paOOTKONW WJIM MX MPOYHOCTHBIC
CBOMCTBAa TOBBIIIAIOTCA HCKYCCTBEHHBIM CTapEHHUEM, IIO3TOMY HW3 HHUX H3TOTOBIISIOT
nonydadpuKkaTbl KOBKOM, TPOKATKOM U MPECCOBAHUEM.

K nepopmupyembiM alllOMUHUEBBIM CIJIaBaM OTHOCHUTCS JIOpaltOMUHUNA, MapKUPYIOT
OoykBo# /] , 3a koTopoii cTosT 1udphl, ykazbiBaroiue Ha No cruiaBa.

Jlumetinvie anromunuesvie cniagvl W3 JIUTEWHBIX CIUIABOB HAMOOJBIIEE PACIPOCTPAHEHHE
MOJIYYWJIM CHJIYMHUHBI - CIUIaBbl aIIOMUHUSL ¢ KpeMHUeM. CHUIIyMHHBI 00JaJai0T BBICOKHUMH
MEXaHUYECKUMU CBOMCTBAMU M OOJBIION >KHIKOTEKYYECThIO, TO3BOJISIONIEH OTJIMBATh
CJIOXKHBIE U TOHKOCTEHHBIE JI€TaJIu.

XUMUYECKUI COCTaB M TUIHYHBIE MEXaHWYECKHE CBOICTBA HEKOTOPBIX AEPOPMHUPYEMBIX
AQJIIOMMHUEBBIX CIUJIABOB I1OCIIE 3AKAJIKU U CTAPEHUS

MexaHunueckne
CopaeprxkaHue 3JIEMEHTOB .
Mapka cBoiicTBa
cruiaBa
. FI/IC ’ B,
Cu Mg Mn Si by Goz | O 5,%
DJIEMEHTEI MMMa MMMa
JropantoMuH
16 38...49 | 1,2...1,8 [0,3...09 - - 400 500 11

BI)ICOKOHpO‘—IHI)Ie AJIIOMHUHUEBBIC CIIJIaBbI

5-77Zn 530- 560-
B95 1,4...2,0 | 1,8...2,8 ]0,2...0,6 - 8

550 600
0,1 -0,25




Cr

XKapornpouHble aTFOMHUHHEBbBIE CIJIABbI

0,1..0,2 T1
120 6... - 04...0,8 - 250 400 12
<0,2Zn
AHTHUQPUKUMOHHbIe  (MOAIIMIHUKOBBIE)  CILIaBbl. AHTU(QPUKIIMOHHBIMU

Ha3bIBAIOT

CIUTIaBbI, U3 KOTOPBHIX M3TOTOBIISIFOT MOAIMIUITHUKA M TPYUIUECS NETad, TMPUMEHSS JUISI 3TOTO
0a00uTBI, OpOH3bl M JApPYTrU€ MaTepHalibl, MPEAOXPAHSIONUINE TPYIIUECS JETalH, HalpUMep
BaJIbl, OT U3HOCA U CO3/IAIOIINE HEOOXOMMBIC YCTIOBHS JIJISl CMa3KH.

MapxkupoBka 6a00HUTOB:

b83 — conmepxutr 11% cypbmbl, 6% meau, 83% - onoBa. [IpuMEHSIOT 711 MOAIIMITHUKOB

TATOBBIX IIBHFaTeJIeﬁ.

b16 - comepxut 16% onosa, 66 % - cBuHua, 16% - cypembl, 2% - meau. IloammnHuky
CKOJIBKEHHUSI aBTOMOOMJILHBIX JIBUTATEIICH.
BK2 (xanbuueBbiit 6a06uT) — kanpuuii — 0,5 %, wHatpuii — 0,5%, onoBa — 2%, ocrainbHO —
cBuHell. [ToIIUITHUKYA BaroHOB.
Onossinnabie U cBUHIIOBBIE OpoH3bl (BpOLIC 5-5-5; bp.C 30);

Xumunueckuit coctas (%) ¥ Ha3HAYEHUE MOITUITHUKOBBIX CILUIABOB - 0aOOUTOB

Mapra Sb Cu Cd Sn Hpyrue OO6acTh NpUMEHEHUS
CcIuTaBa 3JIEMEHTBI

7,3 )5 3 TsxenoHarpyxeHHble
b88 7, 5’ 7 10.8... OcranbHoe | 0,15...0,25Ni1 MAIlIVHBI, apOBBIE

8 ’ TYpOUHBI

15
b16 1 10’5'”2 - 15...17 - JlBurarenu

7 b

5,5

’ 1...

bC6 ...6, 01..0 - 5,5...6,5 -

5 3

Brlinonnenue paboTbl
1. YcranoBuTh MUKpouuing Ha CTOJIMK MUKPOCKOIIA U BPALLIEHUEM PYKOATOK IMPOU3BECTU €ro

HaBOJIKY.

2. PaccMoTperb MHUKPOCTPYKTYpY LUIM(a B pa3IMyHBIX Y4YacTKax M BbIOpaTh HambOoJiee
YETKUH U XapaKTEPHBIM y4acTOK.

3. 3apucoBaTh BHAMMBIE II0J MHKPOCKOIIOM MHUKPOCTPYKTYPBI

CTPYKTYpPHBIE COCTaBIISIOLLIHE.
4. Onucatb CBOMCTBA U IPUMEHEHHE MEJU U €€ CILJIaBOB.
5. Onucarb CBOKMCTBA U MPUMEHEHUE aJTIOMUHUS U €TO CIJIaBOB.
6. BeiBo1bI 0 TIpoIe1aHHO# paboTe.

KoHTpoapHbIE BOITPOCHI

B Kpyre Hu YKa3aTh



1.Ilepeuucnure cBOKCTBA MEIU

2.IlpuBenuTe npuMepsl MPUMEHEHUS MEIU U MEHBIX CILJIABOB a MPOMBIIIIEHHOCTH
3.Yto Takoe 6a00UT, I1e MPUMEHSIOTCS

4.Kakue crutaBel OTHOCAT K OpoH3am?

5.4Yto Ttakoe natyHb? [IpuBeauTe npumepsl

6. KaxoBbI CBOIMCTBA U IPUMEHCHUE ATTFOMUHMUSA?

CHucoK UCTIONIB3yeMOH JTUTEPaTyPhl

1. Crp.144- 168, bonnmapenko [I'.I'. MarepuanoBenenue Y4eOHUK [UJIi CpPEIHETO
npodeccuonansaoro odbpaszoBanus / I'.I.bongapenko, T.A.KabanoBa, B.B. Pribanko; mon
pemakiue/ I'.I.bormapenko - 2-e m3a.- Mocksa: WMzmatensctBo HOpaiit, 2021. — 329 c.
(ITpodeccuonanpuoe obpazoBanue). — ISBN 978-5-534-08682-9. — TekcT: 37€KTpOHHBIN//
Oo6pazoBatenpHas miatdopma FOpaiT (caiit). — URL: https://urait.ru/bcode/470070

[IpakTrueckoe 3aHaTHe 3

Br100op Mapku MaTepuasia u cnocoda ero 00padoTKu AJ151 KOHKPETHBIX JeTajei

[lenb paOOTHI: HA OCHOBAHUM IOJIyUEHHOTO YepTeXka JeTalld, Ha3HAYUTh BUIbI 00pabOTKH
yKa3aHHbIX MoOBepXHOCTeH. OcylecTBUTh BbIOOP M ONPEAEIUTh IOCIEN0BATEIBbHOCTD
croco0oB 00paboTku neranu. BeiOpaTs MapKy Marepuana.

ObopynoBaHHe U MaTepuabl: YepPTEXK ACTalM, IJIaKaThl, TAOIUIAa MAPKK MaTepuaa.

Copmepxanne 3ansaTusi: [IpoaHanmusupoBaTh 3aqaHWe, BBIOpPaTh MOCIEIOBATEIHHOCTH
MEXaHU4YeCKOl 00pabOTKH B 3aBUCUMOCTH OT THIA MOBEPXHOCTH U TPeOOBaHUM K pa3MepHOMH
TOYHOCTH Y HIEPOXOBATOCTH TTOBEPXHOCTH.

1. BoiOpaTth cnioco6 o0pabOTKM B 3aBUCUMOCTH OT MaTepuana JAeTalid U TpeOOBaHUU K
(bU3UKO-MEXaHMYECKUM CBOMCTBaM MOBEPXHOCTH.

2. Onpenenuth OOIIYH0 TOCIEAOBATEIBLHOCTh CIIOCOOOB 00pabOTKH, 00€CTEeUMBAIOIINX
TpeOyemMoe KauecTBO MOBEPXHOCTHU AETAJICH B COOTBETCTBUU C UEPTEKOM;.

3. CocTaBHTh CXeMy BBIOpAHHOMU ITOCIIEI0BATEILHOCTH CIIOCOO0B 00paOOTKH.

4. [Ipoananu3upoBaTh pe3yabTaThl 1 COCTABUTh OTYET

KpaTtkue Teopernueckue cBeieHUA

1. Tepmuueckas 06paboTKa — 3TO MPOLIECC HArpeBa, BBHIACPKKHA U OXJIAKJICHUS CILIABOB C
[ETbI0 I3MEHEHUS X CTPYKTYPhI U MOJTy4YeHHUs HY>KHBIX CBOMCTB.

IIpu Tepmuyeckoit 0O0pabOTKEe B CILJIaBE JOJDKHBI MPOU30MTH HEOOpaTHMbIC H3MEHEHUS
CTPYKTYPBHI.

Bce Bumbl TepM0o0OpadOTKH pa3aeneHsl Ha rpynmsl. [lepBas rpynma — OTXKUT — TepMHUYECKast
oreparys, 3aKII0YaoIascs B HarpeBe MeTalla, HaXOAAIErocsi B HEpaBHOBECHOM COCTOSIHUU
U TepeBojie ero B 0osiee paBHOBECHOE cocTosiHMe. BTopas rpynmna — 3akajika — HarpeB CIUIaBa
70 TemIiepaTypsbl Bbille (Ha30BbIX MPEBpAIICHUN U MOCIEAYIOUIMM OBICTPBIM OXJIAXKICHUEM C
LEIbI0 MEPEBOJAa B HEPAaBHOBECHOE COCTOsIHHME. TpeTbs rpynma — OTIYCK — TepMHUYECKas
orepalys HarpeBa 3aKajJEHHOW CTalu 10 TemIepaTyp HIKe (Pa3oBBIX MpeBpalleHUH s
nepeBojia ero B 0oJjiee paBHOBECHOE COCTOSIHUE.



[Ipu Tepmuueckoir oOpabOTKE MeETaIbl MOTYT IMOTJIONIATh Ta3bl, 9YTO MOXKET MPHUBECTH K
MOSIBJICHUIO B OTJIMBKE Ta30BBIX PakoBUH. C TOHIKEHHEM TEMMEPATyphl JKUIKOTO MeTaylia
pPacTBOPUMOCTb Ta30B B HEM YMEHBIIAETCS M OHH, BBIACISISICH, CTPEMSTCA YIATUThCA U3
MeTajyla IPU HEJOCTATOYHOW Tra30NmpOHUIIAaeMOCTH (OPMbI WA CTEPKHEW ATH ra3bl MOTYT
OCTaThCs B OTIUBKE, 00pa3ysl MyCTOThI, HE 3aIOJTHEHHBIE METAJIIIOM,— I'a30Bble PAKOBUHBI.

2. JluteliHOE TPOU3BOJCTBO - MPOLIECC MOJMy4YeHUs (HACOHHBIX OTIMBOK B pe3yjIbTaTe
TBEPJICHUS PACIUIABIICHHOTO METaJlla 3aJIUTOr0 B JOopMYy.

JUIst TUThS. TPUMEHSIOT METaJUIbI C BBICOKOM JKMIKOTEKYUECTbIO U MallbiMU ycajakamu (1...2
%) Tpu TBEpPACHUM: YYTYHbI, JIMTCHHBIC CTalu, MEIHbIC, ATIOMHUHHMEBBIC, TUTAHOBHIE U
MarHueBbIE CTUIABHI.

Paznuyaror:

a) JIute€ B pazoBbie HOPMBI;

0) CrienmayibHbIC BUABI JTUTHS:

- OTnMBKa B METaUTMYECKHE (POPMBI — KOKHIIH,

- llenTpoOexxkHOE TUTHE, TUTHE MO AaBICHUEM,

- JIuTh€ 1O BBIMIIABIIIEMBIM WJIN BRDKUTAEMBIM MOJIEIISIM

- JIutb€ B 0007104KOBBIE (POPMBI

3. O6paboTKa METAIOB JIaBJICHUEM

OcHoBaHa Ha CIOCOOHOCTH METAJIJIOB MOJIBEPIaThCs MIIACTUYECKON JedhopMaIiii.

OcCHOBHBIE BUIBI:

1) KoBka — nmedopmarusa MmeTamia B IUIACTUYHOM COCTOSIHHM, YJapaMd MOJOTa WIH
JaBjieHHEeM mpecca. M3nenus Ha3bIBalOT TOKOBKAMU.

2) lIramnoBka — nedopMmanus orpaHMYeHHas KOH(Urypaluell mramina. Paznuyaror
IITAMIIOBKY TOPSYYIO B XOJIOAHYIO0, 00BEMHYIO B JIUCTOBYIO

3) Ilpokat nensT Ha:

a) nonydadbpukartel: OJIOMBI — Opycku MeTauia cedenueM ot 150x150 no  450x450 mMm u
CAA0BI — MIACTUHBI TOJIIHHOM oT 125 10 225 MM, Bec 5...15 T

0) nucToBoM npokat ToanuHoi 0,2...4 MM — TOHKOJIUCTOBOM, 4...60 MM — TOJICTOJTUCTOBOM;

B) TpYOBI CBapHbIE U OECIIOBHBIE;

I') IEPUONYECKHI MPOKAT — 3arOTOBKHU WIIK apMaTypa;

1) CTaHJIapTHBIC MTPOKATHBIE MPOGUIN — IBYTaBPHI, YTOIKHU, PEIIbC, IIBEJUIEP U P

4) TIlpeccoBanue — TMpoIleCC MPOJABIUBAHUS HMCXOAHOTO MaTepualia B IUIACTUYHOM
COCTOSIHUM Ye€pe3 OTBEPCTHUE B MATPUIIE.

Brimonastor mpu momotu npeccoB. Mznenus: npyTku, TpyOsl, pUrypHbsie AeTaNd, Yaie U3
CIUTABOB IIBETHBIX METAJIIOB.

5) BomodeHne — TPOTATUBAHWE XOJIOJHOW 3arOTOBKH dYepe3 CYKAIOIIUECS OTBEPCTHUS —
¢bunsepsl. Oneparuy NPOTKKHA YEPEAYIOT C OT)KUTOM - JIJIST CHATHUS HAKIIEA.

O06paboTKa METaIOB PE3aHUEM

MeramopexKyime CTaHKuU:

TokapHble,  CcBepiwiIbHBIE, (pe3epHble, CTpOTAlbHBIC,  pa3pe3Hbie, 3y00- U
pe3rbooOpabaThiBatolIKe, NITH(OBaTBHBIC, TOJUPOBATILHBIE, BCIOMOTaTEIbHbIC.

1) ToueHue — BBHIMOTHSIOT HA CTAHKaX TOKAPHOU rpymibl. Bumasl pabort:

o0TaynBaHWE YEPHOBOE M UYMCTOBOE IUIMHAPUYECKUX, KOHUUECKHUX, TOPIEBBIX, (PACOHHBIX
MOBEPXHOCTEH; TMOJpE3aHWe M OTPE3aHME, BO3MOXKHO TaKXKe: CBEpPJICHHWE, pacTauyMBaHUE
OTBEPCTHUI, Hape3aHUe PE3bOBbI.

2) CaepyieHHE — BBITIOJHSICTCS CHUPATBHBIMU, TIEPOBBIMHU, IIEHTPOBOYHBIMU U CBEPIAMHU
ri1yOOKOTO CBEPIICHHUS.



3eHkepoBaHue — 00pabOTKa pe3aHWEM CTEHOK OTBEPCTHM. PasznuyaroT 3eHKephl: s
pactIMpeHusi OTBEPCTUH, I MONYYEHUS NUIUHAPUYECKUX W KOHUYECKHUX YTIayOJIeHWH, aJis
3aYUCTKH TOPIIEBBIX TTOBEPXHOCTEH.

Pa3BépThiBaHne — 00pabOTKAa CTEHOK OTBEPCTHM JUIsl TMOJYYEHHUS BBICOKOH TOYHOCTHU

YHUCTOTHI IIOBCPXHOCTH.

Bubl cTaHKOB — BEpPTUKAIBHO- U PAIMATIbHO CBEPJIUIIbHBIC, PACTOYHBIE U CTICIIHAIIbHBIC.
3) ®pesepoBanue — o0pabOTKa METANIOB MHOTOJIE3BUHUHBIM PEXYIIUM HHCTPYMEHTOM
¢bpe3oit. dpeza MMeeT TIIaBHOE BpamlaTelibHOE ABW)KEHHE, a oOpabaTbiBaemasl 3aroToBKa

nocTynaTeiabHoe (1o1aya).

Buner dpes:

a) MIWIMHIPUYECKUE U TOPIIEBBIE — ISl 00pabOTKH IIIOCKOCTEH;

0) TUCKOBBIE, TA30BEIC, YTIIOBEIE, T- 00pa3HbIe — I U3TOTOBJICHHS ITA30B U ILIUIOB;

B) (l)aCOHHBIe, MOAYJIBHBIC, YCPBAYHBIC — IJISI U3TrOTOBJICHHA BY6‘-IaTBIX KOJICC,

4) Crporanve — BBIIOJHIETCS pe3UaMU Ha MPOJOJIBHO-, MONEPEYHO-CTPOrajIbHBIX

TOJIOEKHBIX CTAaHKAX.

5) llporsruBaHue — MexaHWueckass 00pabOTKa MHOTOJIE3BUHHBIMH WHCTPYMEHTAMU

MPOTSDKKAMU, Ha MPOTSIKHBIX CTAaHKAX.
6)llnudosanue — 06paboTKa MOBEPXHOCTEH a0pa3UBHBIMUA UHCTPYMEHTAMH.
[IpuMeHSOT 1 17151 OOAMPOYHBIX padOT U KaK OTACIIOUYHYIO ONIEPAITHIO.

Buasl paboT npu nmudoBaHuu: MI0CKOE, KPYTJIoe HapyKHEE, KPyTiioe BHYTPEHHEE,

Mapka cranu

Ha3nauenue

BCt3cn

Hecymue 31meMeHThl CBapHBIX M HECBAPHBIX KOHCTPYKLUMM U JETaJeH,
paboTalmMX NPy TOJOXKUTEIbHBIX Temmeparypax. DacoHHBId W
JIMCTOBOM MPOKAaT- Uil HECYLIMX 3JIEMEHTOB CBapHBIX KOHCTPYKLHUM,
paboTaroMKX MPHU MEPEMEHHBIX Harpy3Kax.

BCt51c

Jletanu KIemaHbIX KOHCTPYKIUH, OONTHI, TaliKu, PYYKH, TSITH, BTYJKH,
XOJIOBBI€ BAJIMKHU, KIJIWHbS, Handbl, pblyarv, yrmophbl, IITHIPU, TMaJblIb,
CTEp>KHH, 3BE3J0UYKH, TpyOuaTble pemeTkd, (QuaHIpl W Ap. JeTallH,
paborarome B uHTepBaie Ttemmeparyp oT 0 go +425C; mokoBku
ceuernuem 10 800 mmM.

Cransl0

Heranu, paboTtaromue npu temmneparypax ot -40 go 450C, Kk KOTOphIM
NPEABSABIAIOTCS TPEOOBAHUS BBICOKOM IMJIACTUYHOCTH, TOCJIE XUMHKO-
TePMUUECKON 00pabOTKU — JeTaqd C BBICOKOW IMOBEPXHOCTHOM
TBEPAOCTHIO ITPU HEBBICOKOW MPOYHOCTH CEPALICBUHBL.

Cranb 35

Jleramn  HEBBICOKOM  INMPOYHOCTH,  HCIBITHIBAIOIINE  HEOOJBIITHE
HaNpsDKEHUS: OCH, UMJIWHAPHI, KOJIEHYAThIE BaJlbl, IIATYHbI, [IMUHICIIH,
3BE3/I0YKH, TSITU, 000/bI, TPABEPCHI, OAHIAXKH, TUCKU U APYTUE JETAIH.

Cranb 45

Baj-mmecrepHu, KoJICHUAThIe M PACIPEICIIUTEIIbHBIC Bajbl, IICCTECPHH,
HIMAHACTN, OaHIaXKH, IIMIIMHAPBL, KyJadKd U APyTrue HOpMaIn30BaHHBIE,
yllydliaeMble ¥ TOJBEpPraeMble MOBEPXHOCTHOM TepMooOpaboTKe
JeTaN, OT KOTOPBIX TpeOyeTCs MOBBIICHHAS TIPOYHOCTb.

Cranb 60

HCHBHOK&T&HBIG KOJIECa BArOHOB, BAJIKH pa60tme JIUCTOBBLIX CTAHOB JJIA
ropﬂqeﬁ IIPOKATKKW MCTAJJIOB, IIITWUHACIIN, 6aH,ZIa}KI/I, JUCKH CHCINICHUA,
IPY>KWHHBIC KOJIbI1a aMOpPTHU3aTOPOB, 3aMOYHBIC maﬁ61>1,

)51



peryJMpoBaHHbIC IIalObI, PETYJIUPOBOYHBIC TMPOKIATKH U JAPYrHe
JIeTaii, K KOTOPBIM NPEAbIBISIOTCS TPeOOBaHUS BHICOKON MPOYHOCTH U
N3HOCOCTOMKOCTH.

A20

Menkue neraad MalmiMH W [OPUOOPOB, MAJOHATPYKEHHBIE JeTalld
CIIO)KHOM KOH(UTyparuu, K KOTOPBIM TMPEABABIAIOTCS TpPeOOBaHUS
BBICOKOM TOYHOCTM pPa3MEPOB M KaudyecTBa ITOBEPXHOCTH, IIOCIIE
LIEMEHTAllMU U [IUaHUPOBAHUS — MAJIOHATPYKEHHBIE IETAIN, K KOTOPBIM
NPENBABISIIOTCS  TpeOOBaHUSA HW3HOCOCTOMKOCTH W MOBBILIEHHOIO
KAa4yeCTBa IIOBEPXHOCTH.

A40I"

Heranu crnoxHoit GopMmbl, oOpadaTbiBaeMble Ha CTaHKAaX-aBTOMAaTax, W
JeTanW, K KOTOPBIM TIPEIBSBISAIOTCS IIOBEIMICHHBIE TpeOOBaHUS K
YUCTOTE TTOBEPXHOCTH, pabOTAIONNE MPH MOBHIIIICHHBIX HAMPSIKEHUSAX U
JABJICHUSIX: OCU, BAJIMKH, BTYJKH, KOJIbI[A, IIECTEPHU, MaJbIIbl, BUHTHI,
OOMNTHI, TAKH, XOJJOBBIC BUHTHI.

15X

Brynku, mnanbipl, MIECTEpHHU, BaJIWKH, TOJKATEIHM U  JpYyrue
[IEMEHTYEeMbI€ JEeTald, K KOTOPHIM TMPEABIBISIIOTCS TpeOoBaHUs
BBICOKOW TIOBEPXHOCTHOM TBEPAOCTH IIPU HEBBICOKOM MPOYHOCTH
CEp/ALICBUHBI, JETaIH, padOTaIOIINE B YCIOBUSIX U3HOCA MPU TPEHUHU.

40X

Ocu, Banpl, BaJ-IIECTEPHHU, IUIYHXKEPBI, IUITOKH, KOJICHYATHIE W
KyJauKOBBIE Bajbl, KOJIbLIA, IIMHHAEIW, ONpPAaBKHU, PEWKH, 3yOdaTbie
BEHIbI, OOJTHI, TOJIYOCH, BTYJIKM M JApPyTrue YyiydlllaeMble IeTalu
MTOBBIIEHHON TPOYHOCTH.

15XCH/T

DNEeMEHThl CBAapHBIX METAUTOKOHCTPYKIIMH W pa3IMYHbIC ACTaIH, K
KOTOPBIM TIPEIBSBISIOTCS TpeOOBAaHUS TOBBIMICHHONW TIPOYHOCTH U
KOPPO3HOHHON CTOMKOCTH C OTPaHWYCHHUEM MacChl U paboTaromue mpu
temmneparype ot -70 go 450C.

20XH

[IlecrepHn, BTYJKH, Maiblbl, NETAIM Kpenexa W JIpyrue JAeTan, OT
KOTOpbIX  TpeOyeTcs  TOBENIEHHAss  BS3KOCTh M yYMEpEeHHas
MPOKAJINBAEMOCTb.

30XTC

Paznuunble ynyumiaemble JeTajgu: Bajbl, OCH, 3yOuaThle KoJieca,
TOPMO3HBIE JIEHTBI MOTOPOB, (UIaHIIbI, KOpIlyca OOIIMBKH, JIOMATKU
KOMIIPECCOPHBIX MAIIIMH, PblUaru, TOJKATEJIH, OTBETCTBEHHbIE CBapHbBIC
KOHCTPYKIIMH, paboTalomue TMpu 3HAKOMEPEMEHHBIX  Harpys3kax,
KpEIEeXHbIE IETaH.

45XH2M®DA

TopcruoHHBIE Bajbl, KOPOOKHM Mepeady U Jpyrue HarpyKeHHbIE AeTallu,
paboTaronire MOBTOPHO- MEPEMEHHBIX HAarpy3Kax M HUCHBITHIBAIONINE
JVHAMUYECKHUE HATPY3KH.

25XIT

Harpyxennsie 3yOuaThie Kojieca U JIPyrue JETaiu, TBEPAOCTh KOTOPBIX
oosree HRC 59

38XT'H

JleTanu »KCKaBaTOpOB, KPEMEX, Bajbl, OCH, 3yOUaThle KOjeca, CEpbIu U
Jpyrue OTBETCTBEHHBIE AETAIHU, K KOTOPBIM MPEABABIISAIOTCS TPEOOBAaHUS
MTOBBIIIEHHOM IIPOYHOCTH.




X115

[Tapuku nuametrpom 10 250 MM, POJIMKH AUAMETPOM 10 23 MM, KOJIbIIA
MOAIIMITHUKOB C TOJIIMHON CTEHKH 10 14 MM , BTYJKH TUTyH)XEPOB,
TUTYH)KEPbl, HAarHETaTeIbHbIE KJIanaHbl, KOPITyca paclblUIUTeNeH, POITUKH
TOJKaTelel W Jpyrue JeTajad, OT KOTOPhIX TpeOyeTcss BBICOKas
TBEPJI0CTh, U3HOCOCTOMKOCTh U KOHTAKTHAs MPOYHOCTh.

HIX15CT

KpynHorabapuTHbeie KOJbIA IMAPUKO- U  POJTUKOMOAIIMITHUKOB CO
cTeHKamu ToimmHON Oosiee 20-30 mM; mapuku auamerpom Oomee 50
MM; POJIUKH TuaMeTpom Oosee 35 mm.

60r

[lnockue u Kpyrible IPY>KUHBI, PECCOPbI, IPYKUHHBIE KOJIbIIA U APYTHE
JeTajal MPYXHHHOTO THUIIA, OT KOTOPBIX TPEOYIOTCS BBICOKHE YIpPYyTue
CBOMCTBA U U3HOCOCTOMKOCTD; OaHAaKu, TOPMO3HbIE OapabaHbl U JICHTHI,
CKOOBI, BTYJIKH U JPYTUE ETAU OOILETo U TSHKEJIOr0 MAIIMHOCTPOCHHS.

S50XDA

TsokenmoHarpyX€HHbIE ~ OTBETCTBEHHbIE  JE€Tajld, K  KOTOPBIM
NPEABABISIIOTCS  TpeOOBAaHUSA BBICOKOM  YCTaJOCTHOM MPOYHOCTH,
NPYKUHBI, padoTatoiue npu temneparypax a0 300C u apyrue geraiu.

70C3A

TH)KCHOH&FPY)KGHHBIG IPYXUHBI OTBCTCTBCHHOI'O HA3HAYCHUS.

YTAY7T

NHCTpyMeHT, KOTOpBIA paboTaeT B YCIOBHUAX, HE BBI3BIBAIOIINX
pasorpeBa paboueil KpOMKH: 3yOusia, 1070Ta, OOPOJAKH, MOJIOTKH, JIE€3BUS
HOXKHUIIL I PE3KU METalla, TOMOPHI, KOJYHBI, CTAMECKH, TUIOCKOTYOIBI
KOMOMHUPOBaHHBIE, KyBaJbl.

V10,Y10A

HNHcTpyMeHT, paboTalolmuii B YCIOBHUSX, HE BBI3BIBAIOLIMX pPa3orpeBa
pexXylel KPOMKU: METYMKU PYYHbIC, PAIUNUIN, HAA(WUIU, MUl IS
00pabOTKH JIPEBECUHBI, MATPULBI JIJIl XOJIOJHOM IITAMIIOBKH, IJIaJKUE
KaJIMOPBI, TOMOPBHI.

VI2,V12A

Pexyrue WHCTpYMEHTBI, pabOTaIONINe B YCJIOBHSIX, HE BBHI3BIBAIOIINX
pasorpeBa pexyIiel KPOMKH: METYMKH PY4YHBbIC, METYHMKHA MAIIUHHBIC
MeJIKOpa3MepHbIe, IUIAIIKK JUIS KPYIOB, Pa3BEPTKH MEJIKOpa3MEpHBIE,
HaA(QWIA, H3MEPUTEIBHBIH HMHCTPYMEHT MPOCTON (OPMBI: TJaJKue
KaJIMOPbI, CKOOBI.

9XC

Caepna, pa3BepTKH, METUYMKH, TUTAIIKH, TPEOCHKU, (Ppe3bl, MAIIUHHbBIE
MTaMIeN, KieiMa I XOJNOAHBIX paboT. OTBETCTBEHHBIC JCTalH,
MaTepHua KOTOPBIX JOHKEH 001a1aTh MOBHIIIICHHOW H3HOCOCTOMKOCTHIO,
YCTJIOCTHOW TMPOYHOCTBIO TIPH U3THMOE, KPYYCHHH, KOHTAKTHOM
Harpy>kK€HHH, a TAKXKE YIIPYTUMU CBOMCTBaMHU.

X12M®

[IpodmnmupoBoUHbIE POJUKH CIOKHBIX (OPM, CEKIIMA KY30BHBIX
IITAMIIOB CJIOKHBIX (POPM, CIIOKHBIE IBIPOMPOITUBHBIE MATPHUIIBI MPU
(GhOpMOBKE JTMCTOBOTO MeETaylla, JTAJIOHHBIC IIIECTEPHU, HAKATHHIE
IJIAINKH, BOJIOKA, MATPHUIBI W TYaHCOHBI BBIPYOHBIX MPOCEYHBIX
MITAMIIOB CO CJIOHOW KOH(UTypareir pabounx 4YacTeid, MTaMIIOBKU
AKTUBHOM YaCTH SJICKTPHUECKUX MAIIWH.

6XBI'

ITyancoHsl CIIOKHOM dbopMbl A XOJIOAHOM MIPOLIUBKHU
MPEUMYILECTBEHHO (UTYPHBIX OTBEPCTUN B JIMCTOBOM M IOJIOCOBOM
MaTepuayie, HeOOJBINE MITAMIbBI Ui TOpSYeH ITAMIIOBKH, TJIABHBIM




oOpa3oM, korjga TpeOyeTcss MUHMMAJIbHOE H3MEHEHHE DPa3MepoB IpHU

3aKaJIKe.

P6MSKS Jis  00paboTKH BBICOKOMPOUYHBIX HEPXKABEIOMIMX U KApOMPOUHBIX
CTaJIel W CIUIAaBOB B YCJOBHUSX IOBBIIMIEHHOIO pa3orpeBa pexyuiei
KPOMKH.

P9 JUis M3roTOBJIEHUS UHCTPYMEHTOB NPOCTOM (OpMBI, HE TpeOYyrOIIHX

oonpmioro  oowbemMa  NUIMGOBKH, A 00pabOTKH  OOBIYHBIX
KOHCTPYKITMOHHBIX MaTEPUAJIOB.

P18 Pesupl, cBepma, @pesbl, pe3bOOBBIE (pe3bl, TOJOSKH, pa3BEpPTKH,
BEHKEpBI, METYHKH, MPOTSHKKU i 00pabOTKH KOHCTPYKIIMOHHBIX
crameii ¢ mpouHocthio g0 1000 MIla, or xkoTopeIX Tpelyercs
COXpaHEHHUE PEeXYLIUX CBOMCTB MPHU HATPEBAaHUHM BO BpeMs palbOTHI JI0
600C.

PO9M4KS Jlnst oOpabOTKM BBICOKONPOYHBIX HEPXKABEIOIIUX M YKAPOIPOUHBIX
CTaJIel W CIUIaBOB B YCJOBHUSIX IMOBBIIMIEHHOTO pa3orpeBa pexyuiei
KPOMKH: 3yOOpE3HbIIl MHCTPYMEHT, (hpe3bl, (haCOHHBIE PE3IIbl, 3€HKEPHI,
METYHKHU.

12X17 KpenexHble nerany, BAIUKW, BTYJIKA U JIPYTHE JE€TAMA almnaparoB U
COCYJIOB, pa0OTaIOIIUX B pa30aBICHHBIX PACTBOpPAX a30THOM, YKCYCHOM,
JUMOHHOW  KHCJOTBI, B  pacTBOpax  coJjed,  oOJaJaronmx
OKUCIIUTENbHBIMA ~ cBOMcTBaMU. (CTallb  KOPPO3MOHHO-CTOMKAsA H
kaponpouHnas 10 850C deppuTHOTO KI1acca.

Wznenus, paboTaromye B OKHCIWTEIBHBIX Cpelax, a Takke B
aTMOC(EPHBIX YCIIOBUSIX, KPOME MOPCKOW aTMoc(epbl, B KOTOpPOH
BO3MOXKHA TOY€UHAas KOppo3us. TernmooOMeHHUKH, TpyObl. CBapHbIe
KOHCTPYKIIMU, HE TOJIBEprarouuecss JCUCTBUIO YIApHBIX Harpy3oK u
paboraromme npu Temneparype He Hmwke -20C. Cranp >xapocToikas,
KOPPO3HOHHO-CTOWKAas (PeppUTHOTO KJlacca.

08X17T

[Topsi0K BBEITTOTHEHUS PAOOTHI

HccnenoBanue TUITOBOTO TEXHOJIOTHIECKOTO Mpoiiecca
1.KoHCTpyKTHBHAs XapaKTEepUCTHKA AETaJIu:
HaumenoBanue
rabapuTHBIE pa3Mepbl
KaueCTBCHHBIN aHATIN3 TEXHOJOTUYHOCTH KOHCTPYKIIHH JI€TaI!
OmnpenenseM BU 3aTOTOBKU JUIsl TAaHHOMW JeTalln
DcKu3 aeTanu
2. TexHonoruyeckue 3ajavyd: TOYHOCTH Pa3MepoB, (POPMBI, B3aUMHOTO PACIOJIOKCHUS

MOBEPXHOCTEH, KAUeCTBO MOBEPXHOCTHOIO CIIOS.
3. AHamu3 CBOWMCTB MaTepuaja W METOAa TOMy4YeHHs 3aroToBkH. lIpemBaputenpHas

00paboTKa 3arOTOBKHU.
4. TlocnenoBaTebHOCTh MEXAaHUYECKOU 00padOTKU
5. BoeiOpath croco0 ynpouHsitomeid oOpabOTKH B 3aBUCHUMOCTHM OT Martepuasa JeTalud |

TpeOOBaHM K (PU3UKO-MEXAHUUYECKUM CBOMCTBAM MOBEPXHOCTHU
6. Cxema BbIOpaHHOM MOCJIE0BATEILHOCTH 00pabOTKH




KoHTpoapHBIE BOIIPOCHL:

atb onpenenenue cranu

Knaccudukanus yraepoucTbiX cTajgeil o Ha3HaueHHUIO.
Pacmudposats mapku craneit: Y8A BCr3kn

JlaThb ornpeneneHue 3aKanku

C KaKoi LIeNIbIO UCTIONB3YIOT 3aKaIKy?

Kakune mapameTpsl onpeAenstoTcs Ipyu peKUMeE pe3aHus?
OT 4ero 3aBUCHUT CKOPOCTh ITIABHOT'O ABUKEHHUS PE3aHUS?
Kak onpeaenute OCHOBHOE BpEMs TOUEHUSA?
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