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BBEJIEHUE

3aaHusl Ha KOHTPOJIbHBIE PaOOTHI COCTABJICHBI B COOTBETCTBUU C MPOrPaMMOH,
yTBepxAeHHON 25.05.2017 r. 3aM. nupekropa komieaxa no Y MP.
[IpenycMoTpeHoO BbIoJIHEHHE | KOHTPOIBHOUM pabOTHI.
Ha xonTponbsHyto paboty nano 10 BapuaHTOB.
Br160op BapuaHTa JOJKEH COOTBETCTBOBATH MocieaHel nudpe mudpa.
Ecaim HOMep mmdpa oxkaHYMBAETCS HYJEM, CIEAYET BBITIOJHATh JCCATHIN
BApUAHT.
B pesynbrare ocBoeHUs1 yueOHON TUCIMIUIMHBI 00YYarOIIUICS TOJDKEH YMETh:
— pacmo3HaBaTh M KJIacCU(PUITUPOBATh KOHCTPYKIIMOHHBIE U CHIPHEBBIE MaTEPHATIBI
MO0 BHEIIHEMY BHUY, MPOUCXOKICHUIO, CBOMCTBAM,;
— ONpEAENsATh BUJbl KOHCTPYKIIMOHHBIX MAaT€pHUAJIOB,;
— BBIOMpAaTh MaTepuaabl IS KOHCTPYKIMM MO HMX Ha3HAYCHUIO W YCIOBUSIM
AKCIUTyaTalluu;
— TMPOBOJUTH UCCIETOBAHUS U UCIIBITAHUS MaTEPUAJIOB;
— paccuMTHIBaTh U HA3HAYaTh ONTUMAJIbHBIC PEXKUMBI PE3aHUA.
B pesynbrare ocBoeHHs yueOHON JUCIUTUIMHBI 00YYarOIIUICS TOJDKEH 3HATH:
— 3aKOHOMEPHOCTH IIPOIECCOB KPHUCTAUIM3AMM W  CTPYKTYpooOpa3oBaHUs
METaJIJIOB M CIUIABOB, OCHOBBI MX TEPMOOOPaOOTKH, CIIOCOOBI 3allIUTHl METAJIOB
OT KOPPO3UH;
—  KJIACCH(UKAIUIO U CIIOCOOBI MOTYICHHUS KOMIIO3UIIMOHHBIX MAaTEPHAJIOB,;
— TPUHIUIIBI BBIOOpAa KOHCTPYKIIMOHHBIX MAaTEpPHAJOB IS TIPUMEHCHHS B
MIPOM3BO/ICTBE;
— CTPOCHHUE M CBOMCTBA METAJUIOB, METObI UX UCCIIEIOBAHNSI;
— KIacCH(pUKAINIO MAaTESPHAIOB, METAJIOB U CIUIABOB, MX 00JIaCTH IPUMEHCHHS;

— METOJUKY pacueTa U Ha3HauYeHUsS PeKMMa pe3aHusl Il pa3INYHbIX BUJOB padoT.



1. O0umue MeToANYECKHE YKA3AHUS 10 BHINOJHEHUIO KOHTPOJIBHBIX padoT

1. BoinosiHeHHE KOHTPOJBHOM pabOThl CleAyeT HayuHaTh C U3YYCHHS
METOAMYECKUX YKa3aHUU.

2. BeiGop BapuanTa 3amaHusi Ha  KOHTPOJIBHYIO  paboTy  JOJIKEH
COOTBETCTBOBATH MOCieIHEN Hudpe mudpa yyamerocs.

3. Ecnu B 1aHHOM y4eOHOM IOy MPOU30LUIM U3MEHEHUS B COICPKAHUU WU
KOJIMYECTBE paboT, TO CTYAEHTHI, OCTaBJICHHbIE Ha BTOPOM T'0Jl, BCE PaOOTHI BHIMOIHSIIOT
3aHOBO, COTJIACHO HOBOM Y4eOHOU JOKYMEHTAIUH.

4, OTBeThl Ha BOMPOCHI KOHTPOJIBHOW paboOTHl JaloTcs B 00bEME Marepuaa,
U3JI0O)KEHHOTO B PEKOMEH/JOBAHHOW i1  BBIMOJHEHUS KOHTPOJIBHOM  paboOThI
JIuTepaType.

S. PekoMmeHnnyeTcss cHauyajga BHHMMATENBHO TMPOYUTATh BOMPOC 3aJaHUS
METOJIMYECKUE YKA3aHHWsl 10 €ro BBINOJIHEHHIO, a 3aTéM B PEKOMEHIOBAaHHOU
JUTEpaType HANTH COOTBETCTBYIOIIMI MaTepual, MOCJIE 4YEero CIJIEAyeT IOBTOPHO
IPOYUTATh BOMPOC M YOEIUTHCS B COOTBETCTBUH HAMIEHHOI'O MaTepuaa.

6. Ecnu BO3HHMKHYT 3aTpyJHEHHUS B MOHMMaHUU KaKOro-TnOO BOIpOCa WU
OTBETE Ha HEro, ClieqyeT OOpaTUThCS 3a YCTHOW KOHCYJbTallUed K MPErojaBaTesio
yaeOHO-KoHCYyabTaTuBHOTO TyHKTa (YIIK) Mian HamucaTh B KOJUIEIK ¢ MPOCKOOM /1aTh
NUCbMEHHYIO KOHCYJIBTAIIUIO.

7. OTBeTbl Ha BOIPOCHI JOKHBI KOHCIIEKTUBHO, TO €CTh KpaTKO, HO
MOJIHOCTBIO M3J1araTh MaTepuall, MOMEIICHHbIM B PEKOMEHAOBAHHON METOJUYECKUMU
YKa3aHUSIMU JTUTEPATYype

Mosketr OBITh HCHONB30BaHA W JApyras JUTEpaTypa, HO OTBETHI HA BOIPOCHI
3a/laHusl JTOJDKHBI OXBAaTUTh MaTepuaj, MO COJEPKAHUIO HE MEHBIIMN JaHHOrO B
PEKOMEHIOBAaHHOM JTUTEPATYPE.

Best pacueTHas yacTh paOOTHI BBITIOJIHSETCS TOJHOCTHIO. Henp3s maBath TOIBKO
OTBETBHI.

8. OTBeThl Ha BONPOCH PEKOMEHJYEM CHauaja MUCaTh Ha YEPHOBUKE, U

TOJIBKO ITI0CJIC BAYMYHUBOI'O pCAAKTHUPOBAHUA IICPCIIMCATh B TCTPAlb,



9. Bompocsl 1 3a1aun KOHTPOJIBHOM pabOThl MEPENUCHIBAIOTCS MO-TIOPAIKY,
MOJIHOCTBIO U MOYEPKUBAIOTCS.

10.  Ha xaxxaplil mepenucaHHblil BOIIPOC cpasy e JaeTCsl OTBET

11. Tlocme kaxaoro OTBETa Ha BOMPOC OCTABISETCA HE3AMOJIHEHHOE
MPOCTPAHCTBO, a B KOHIIE pa0OThl — 1-2 CTpaHUIIbI ISl pELIEH3UH.

12.  KouTpoabsHas paboTa J0JKHA ObUIb HalKMcaHa pa300pPUMBO U BBINIOJIHEHA
aKKypaTHO.

13. UYeprexu, auarpaMMbl, CXeMbl, TpaduKH, PUCYHKH BBITOJHSIIOTCS
KapaHJallloM MM TYIIbIO Ha OT/AEJIbHOM JIMCTE HEIMHOBaHHOM Oymaru (HO He Ha
KaJibke Win MUutuMeTpoBke) B coorBeTcTBUM ¢ ECKJl 1 ¢ mpuMeHeHneM 4epTeKHbBIX
UHCTPYMEHTOB (LIMPKYJIb, IMHEHKA U T.1.),  3aT€M BKJICHBAIOTCSA WJIM MOIIIMBAIOTCS B
TEKCT OTBETA, HO HE B KOHILIE TETPAJIH.

Hannucu npemarorcs deprekHbiM  mipudTom. YepTexku, BBINOTHEHHBIE Ha
OTJEIBHBIX JIUCTAX IO pa3Mepam, MPEeBBIAIIIUM (HopMaT TETpaau, CKIAIbIBAIOTCS
TaK, YTOOBI OHU HE BBIXOAMIIU 3a €€ Kpail.

14. B xonue paOoThl [gaeTcs TMEpeuyeHb WCIOJIb30BAaHHOW JHMTEPaTyphl C
yKa3aHUEM rojia u3J1aHusi, CTaBATCS MOAMNKUCH, AaTa BBIOJIHEHHUS.

15. Tlocne BeIMoMHEHUS PabOTHI ClEIyeT MPOBEPUTH: IMOJHOCTHIO JH OHA
COOTBETCTBYET TPeOOBaHUS METOAMYECKUX YKa3aHUH.

16. BricnanHas w3 KoJulemIkKa HAKJIEHMKa IMOMEIMIAETCS Ha JIMIEBOM CTOPOHE
00JIOKKH KOHTPOJBHOUM paboThl. ClemyeT 3amoiaHuTh Bce ee rpadbl, 32 UCKIIOYCHHEM
KacarolMXCcs peleH3upoBanus (haMUINU MPENoiaBaTess, ONEHKH, 1aThl U TOIIUCH),
WMt 1 0TUECTBO CTYAEHTA MUIIYTCS OTHOCTBIO.

17. B nezau€tHOU paboTe OTBETHI NOPaOATHIBAIOTCS HA OCTABIIUXCS YHCTHIX
JUCTaX, MOCJIe TOPaOOTKH KOHTPOJIbHAs paboTa BBICBUIAETCS HA PEIICH3UIO.

Ecnu, cornacHo penen3uu, He3a4€THAasE KOHTPOJIbHAs paboTa MODKHA OBITh BBHITOJTHEHA
MOBTOPHO WJIM TIO JPYroMy BapuaHTy, TO OHa BBICHIJIAETCSI BMECTE C BHOBbB
BBIMIOJTHEHHOM Ha IMTOBTOPHYIO PELICH3UIO.

18. PaboTpl, BBINTONHCHHBIE HE B COOTBETCTBHUH C  TpeOOBAHUSIMU

METOJMYECKUX YKa3aHUU uiau 0e3 ydeTa yKa3aHuM, JaHHBIX B PELEH3UAX 10

MPEBITYIIUM paboTaM, HE 3a4MThIBAIOTCS.



19. OrtBetbl Ha BONPOCHl KOHTPOJIBHOM padOTHI AatOTCS B 00BEME MAaTEpUasoB,
U3JI0O)KEHHBIX B YKa3aHUSIX M B PEKOMEHJOBAHHOMW B MOSCHUTEIBHOW 3alHCKe

JUTEpATypeE.

2. MeTonnyecKkue yKa3aHUM MO BbINOJHEHUI0 KOHTPOJIbLHOMH padoThl

OTtBeTHI Ha TeopeTuueckue Bompockl 1, 2, 3, 4, 5, 6, 1atoTCA B COOTBETCTBUU C
PEKOMEHIyEMOM JINTEPATyPOU

CenpMoii BOIPOC UMEET JIECATh BApUAHTOB. B 0TBeTe Ha KaXKAblii U3 BapHUaHTOB
TpeOyeTcsl HAUePTUTh JUarpaMMy COCTOSIHUS KEJIe30-yriepojia U MOCTPOUTh KPUBYIO
OXJIAXKJICHUSI CIJIaBa C 3aJJaHHBIM COJIEp’)KaHUEM YIJIEpoJia TpPU €ro MEIJICHHOM
oxsaxxaenanu ot 1600 go 0° C.

OnucaTte npeBpalleHus, MPOUCXOAIINE B CIIJIABE, U CKOPOCTHU €ro OXJIAXKICHUS
Ha KaXJIOM YYacTKEe KPHUBOM; IMOCIE Yero JaTh OMPENeSICHHEe BCeM OOpa3yIMUMCs
CTPYKTYpaM.

HuarpamMmma noipkHa OBITH HauepyeHa B COOTBETCTBUU C MYHKTOM 16 oO0mmx
METOAMYECKUX YKa3aHWM Ha Jucte pasMmepoM 204*334 mwMm, paBHOM (Qopmary
pa3BEPHYTOU TETPAJIH,

Jlnarpamma 4epTUTCA MOJIHOCThIO, KaK Ha puc 1., ¢ yKazaHUEM CTPYKTYp BO BCEX
ee 30Hax U B MacmTabe: mo Beptukaiu B 1 cm — 100° C u o ropuzonTanu B 2,5 cM —
1% yraepona.

O6o3HaveHHsI CTPYKTYP B 30HAX JUArpaMM JOJIKHBI OBITH BBIITOJHEHBI TAaK KE,
Kak 3TO IOKAa3aHO Ha puc. 1 Meroguueckux ykasaHuil. J[JIs1 KpUBOW OXJaXIACHUS
MaciTad Mo BEpTUKAIM TOT K€, YTO W JJIsl AMArpaMMbl, a 10 TOPU3OHTaIu (BpeMs B
CEKyH/1aX) BEIOMPAETCS C pacdueToM, 9TOOBI KpUBasi TOMECTUIIACH CIIpaBa OT IUAarpaMMbI
KakK 3TO NOKa3aHo Ha pucyHke 1. Temmeparypsl Ha KpUBOUM OXJIaKICHUS MOKPBIBAIOTCS
B Ipajiycax, a He OyKBaMU WM [UpPaMHU.

[Ipn oTBETE HA BONIPOC 7 pYKOBOACTBYUTECH CIEAYIOUINM IIAHOM:

1. BpluepTUTh MOJHOCTBIO AUArpaMMy COCTOSIHUSL KEJIE30-YTIIepok, COpaBa OT
HEEe CHUCTEMy KOOpJAuHAT (TemmepaTypa — Bpems) Uil TOCTPOCHUSI KPUBOM

oxnaxaeHus. [lo ocu «Bpems» nudpbl HE CTaBIATCS, T. K, 3Ta KPUBasg CXeMaTHYeCKasl.



2. Ha ropu3oHTanpHOIl OCH COAEpX aHUS KOMIIOHEHTOB OTMEYaeM 3aJaHHYIO
KOHLEHTpAIMI0 yriepoga M 4Yepe3 Hee MPOBOJUM BEPTUKAJIbHYIO JIMHUIO,
MEPECEKAIOIIYI0 BCE JMHHUHU JUarpaMMbl, TOUKH NEpEeceueHus OTMEdYaeM (Harpumep,
ToukamH). B kaxaol Takoil To4Yke B CTPYKType CIUIaBa O Mepe OXJIaXIACHUS
MPOUCXOJUT Kakoe-muOo mpeBpaiieHue. Yepe3 Kaxayl0 OTMEUEHHYIO TOYKY BEIEM
HalpaBO TOHKYIO (WM NYHKTUPHYIO) TOPU3OHTalbHYIO JuHUIO. [Ipecedenue 3ToM
JIMHUU C BEPTUKAJIBHOMN OChIO MOKAXET TEMIIEPATypy COOTBETCTBYIOLIETO MPEBPALICHUS
B cmiiaBe. [loaTomy Ha KpuUBOW OXJaxkJIeHHUsI OyJeT TOYKa M3MEHEHHUs HaKJIOHa WM
TOPU30HTANIBHBIA YYACTOK.

3. Ecnm nuHug 3amaHHOro cocraBa mepecekaeT auHuio ACJ[ nuarpamMmsl —
JUKBHUIIYC, T/I€ TPOUCXOIUT MEPBUYHAS KPUCTAIUIM3AIMS U3 KUJIKOTO COCTOSIHUSA, TO
OXJIAXKJIGHUE 3aMeJUIsieTcsl, M KpHuBas OXJaXICHHUsS HIDKE [aHHOM TeMIepaTyphbl
CTaHOBUTCS Oo0Jiee MOJIOTOoM.

4. Ecnu nuaus coctaBa nepecekaet JuHuio GSE (BTopuyHas Kpuctamuin3anus),
/i€ MPOUCXOANT BhlIeNIeHUE N30BITOYHOM TBEepAOH (Pa3bl, TO OXJIaXKICHHUE 3aMeIsIeTCs,
U KpUBas OXJIAXKICHUS HIDKE IAaHHOM TeMIIepaTypbl CTAaHOBUTCS Bce 0oJiee MOJIOTOH.

5. Eciu nuHMS 3agaHHOro cocraBa mnepecekaeT nuHO ECF (3BTeKTHYECKOro
nenebyputHoro mnpespamienusi) npu 1477° C wunum nunuio PSK  (3BTEKTOMIHOTO
NEPJIUTHOrO MpeBpamieHus) npu 727° C, To Ha KPUBOM OXJIAKIECHHS MPU JTaHHBIX
TeMIIepaTypax 00s3aTeIbHO OYIEeT TOPU30HTAIBHBIN YUaCTOK.

6. Ha yuactke AE nuHUS coiauayc NpU ayCTEHUTHOM MPEBPAILICHUU CILIaBa
JanbHEHIIeH KPUCTAIUIM3ALUNA HE IPOUCXOJNT, U MOITOMY KpUBasl OXJAXICHHS HUXKE
ATUX TEMIIEpaTyp CTaHOBUTCS Oosiee KPYTOH, T.K, OXJIaKICHUE 3aMeJISIETCS.
PaccMoTpuM mnprMep OXJaXKIEHHs CIUIaBa (3a3BTEKTOMIHOM CTaJM), COAEPHKAIIErOo
1,4% yrnepona.

B unrepBane temneparyp or 1600 mo 1470°C crnaB >KMAKUN U OXJIAXKIAACTCS
OBICTPO, T.K, NPEBpAIICHU B HEM HE MPOUCXOAMUT, KPHUBAS OXJIAXKACHUS KPYTO
OITYyCKA€TCs BHU3.

ITIpn 1470°C Ha nuann nukBuayc AC HauMHAETCs TEpPBUYHAS KPHUCTAJUIU3ALMUA.

N3 xxunkoro cmiasa (B JaHHOM MpUMeEpPE) BBIACISIIOTCS M30BITOYHBIE 110 OTHOLIEHUIO K



OBTEKTUKE KpUCTAJUIBI aycTeHuTa [1o3TOMy CKOPOCTH OXJIaXKIAEHUS 3aMEIAETCS, T,K,
BBIJIEISETCS CKPBITAsl TEIUIOTAa KPUCTAIUIN3ALIAH.

IIponecc xkpucramnuzauuu 1o temnepartypsl 1300°C na nunun AE. B unTepBane
temnepatyp oT 1300°C mo 900°C kpuctrajumzanusi HE TPOMCXOJIUT, TBEPHABIM CILIAB
UMEET CTPYKTYPY ayCTCHHTA.

CmaB oxyaxaaeTcsi ObICTpee, U KpUBasi OXJaXACHUs (CM. MyHKT 6) CTAHOBUTCS
Kpyde.

IIpu Ttemneparype 900-727°C na nuaun SE HauumHaeTcs BTOpUYHAS
kpuctaumm3ainusa.B  untepBane Ttemmneparyp 900 — 727°C w3 aycTeHMTa
KPUCTAIITU3YETCS 1LIEMEHTUT BTOPUYHBINA,  BBIACNSETCS TEIoTa KPUCTAITU3ALINH.
OxnaxaeHue 3aMeJIJIsIeTCs, ¥ KpuBasi CTAaHOBUTCS 00JIee TOJIOTOM.

[MIpu 727°C nuuusa cocraBa mnepecekaer auHuio PSK, u cmmaB mpuoOperaer
ABTEKTOMIHYIO KOHIIGHTpaIMio. AYCTEHUT TMpeBpallaeTcss B TMEPJIUT, MPOUCXOAUT
ABTEKTOMIHOE — MEPIUTHOE TpeBpamieHue. Ha kpuBoi oxnaxaeHus (CM. MyHKT 5)
oOpa3yeTcsi TOpU3OHTaNbHBIM yuyacTok. Hike temmeparypsl 727 °C CTpYyKTYpHBIX
pEBpAIICHUI HE MPOUCXOINT, U CIUIAB HAUMHAET MEJIJIEHHO OXJIaXKIAThCA.

OKoHuaTtenbHas CTPYKTypa JaHHOTO CIUIaBa — MEPJIUT U LIEMEHTUT BTOPUYHBIM.
Jlanee paroTcsd ONUCAHUS TOJYYEHHBIX CTPYKTYp (B JAaHHOM clly4ae NEpJIUTa H
BTOPHUYHOI'O [IEMEHTHUTA).

ITo Bompocy 8 BKIIFOUEHO JECATh BAPUAHTOB, KaXKIbId U3 KOTOPBIX MPEICTABISIET
3a/IaHUE Ha TEPMUYECKYIO 00pabOTKY AeTaei, MPUBEISHHBIX B TaOHIIe 3a 3aJaHus.
Hanpumep, Ha Bompoc: «YKaXWTe€ Ha3HA4YEHHE, ONpPEIENIUTE TeMIEpaTypbl Harpesa,
MPOJOKUTENBHOCTh HarpeBa M OXJIAXAAIOIIUE CPEeabl NI OTKHUra, HOpMalu3allkH,
3aKaJK{ M OTIyCKa 3aJaHHON netann». OTBeT AoxKeH ObITh AaH mo Gopme Tabdm. 1A,
II€ MMPUBEAEH MPUMED JJIsI MApKU cTain Y 12 ¢ Tonmuuon aeramu 20 M.

Bunasl TepM0o00pabOTKN — OTKUT U HOpMAJIU3AlKs 3al0JIHEHbI 171 npumMepa. [lo
TAKOMY MPUHIIAITY JOJKHBI 3aMOJTHATHCS BCe rpadbl TAOIHUIIHL.

Ha3znauenue TepMOOOpaOOTKM — OTKHUI M HOpMaJIM3allvs 3arOJIHEHBI IS
npumepa. [lo TakoMy IpUHIMITY JOJIKHBI 3aMOJHATHCS Bce rpadbl TaOIuII.

Ha3znaueHue pasnuuHbIX BHUIOB TEPMOOOPAOOTKH, METOJbl ONpPEIEICHUs

TCMIICPATypbl HAarpcBa IIPOAOJLDKUTCIBHOCTE HArpeBa, IMPOAJOJLKUTCIBHOCTH HArpcBa,



CKOPOCTH OXJIQXKJICHHSI M COOTBETCTBYIOIINE OXJIAXKTAIOIINE CPEIbl TaHBI B YKA3aHHUIX
M0 U3YYEHUIO TEPMHUUECKON 00pabOTKH.

Omnpenenenve TeMmIepaTyp HarpeBa Al OTXKWTA, HOPMAIW3allUd U 3aKalKu
3aJJaHHOW MapKd CTalM CJeayeT MoKa3aTh Ha JAuarpaMMe, Kak 3TO PEKOMEHIOBaHO B
yKa3aHHBIX [0 M3YYCHHIO TEPMUYECKOH OOpabOTKM METaUIOB JJIsi  OTXKUTa,

HOpMaJIM3aLMM U 3aKaJIKU cTanieu, coaepxkamux 0,4 u 1,6% yraepona.

2.1 Yka3zaHus 1o u3y4eHH0 TepMUIeCKOi 00padoTKN MeTalJ10B

Tepmudeckoii (TeroBoi) 00pabOTKON HA3BIBAIOT TEXHOJIOTHYECKHE MPOIECCHI,
COCTOSIIIIME U3 HArpeBa, BBIACPKKUA U OXJIKIACHUS METAUIMUCCKUX U3ACIHU C IETbIO
U3MEHEHUS X CTPYKTYPhI U CBOMCTB MPU HEU3MEHHOM XUMHUYECKOM COCTaBe.

Pexxum TepMmuyeckoir 00pabOTKH XapaKTEPU3YIOT CIEAYIOIIUE OCHOBHBIC
napamMeTphl:

— TeMIiepaTypa HarpeBa;
— BpeMsl BBIIEPKKH CIUIaBa MPU TEMIIEpaType Harpena;

— CKOPOCTB HArp€Ba U CKOPOCTb OXJIAKICHHUA.

IIpeBpaieHus B CTaJI4 NPH HArPeBe

[Ipu oTxure, HOpMaIU3alMU U 3aKaJKE CTallb CIEIYET HArpeBaTh 1O COCTOSHUS
aycreHuTa. Temieparypa ompeAessieTcss 1mo auarpamme (puc 2) B 3aBHCUMOCTH OT
COCTOSIHUSA B CTaJU yIiiepoja v BUIa TEPMOOOPaOOTKH.

Temneparypsl HarpeBa mjis TEpPMHUYECKOW OOpaOOTKM MOTYT 3aJaBaThCsl HE
TOJIbKO JUHUAMHM Ha JAuarpaMme, HO M KPUTUYECKMMHU TOYKAMH, TaK KaK JIMHUU
IUarpaMMbl TIPEJICTABIISIOT COOON T€OMETPUIECKHE MECTa KPUTHIECCKUX TOYeK. JInHwms
PSK nHa nuarpamMmme ectb reOMETpUYECKOE MECTO TOuKe Ac; MpU HarpeBe win Ary; npu
oxnaxaeHuu. Takum oOpa3oM, MOXKHO 3aJaTh TeMrepaTtypy HarpeBa Junueit PSK nnu
TOYKOU Acq, nexaniend Ha Hed. JInausa GS npencTaBiasieT reOMETPUUECKOE MECTO TOUKE

Acz wmn Arz, T.e. [loctpoeHa u3 Touke AcCsz, MOJYYCHHBIX MPU HArpeBaHUU, WIU W3
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TO4YeK Arz — IpU OXJIAKICHHUM, a JUHUSI SE — reomeTrpudeckne mecra To4eK Acy U
Arn. Temneparypsl Touek Ac U Ar HECKOJIBKO OTIIMYAKOTCS IPYT OT JApyra.

[locne nocTmKeHUs HY)KHOW Temmeparypbl HarpeBa JeTaib JO0JDKHA OBITh
BbIIEp)KaHA TPU 3TOM TeMmIeparype B TEUYEHHE BpPEMEHH, JOCTATOYHOrO M €€
MpOrpeBa Mo BCEMY CEUEHHUIO.

JUist oTKUra, HOpMaIM3alUU U 3aKaJKd BpeMs Ha HarpeB B OCHOBHOM 3aBUCHUT OT
pa3MepoB U (OPMBI JI€Talu, OT €€ XMMHYECKOr0 COCTaBa, OT BHAA HAarpeBaTEeIbHOTO
YCTpPOICTBa, OT BUAAa HarpeBaTeIbHOTO YCTPOMCTBA U OMpPEAENAETCS MO CIPABOYHUKY,
[Ipu oTcyTCTBUM CIIpaBOYHMKA JUIsl I€Talel U3 YIIIEpOJUCTON CTad BpeMs Ha HarpeB B
KaMEpHBIX MeYax OPUEHTUPOBOYHO MOXKET OBITh OMPEAESIEHO B 3aBUCUMOCTH OT (POPMBI
U pa3MmepoB naeranu, i oTkura, HOpMalu3allMd U 3aKaJKd BpEeMs Ha HArpeB
BBIICPKKY B TEYM IPHU 33JaHHONW TeMmIepaType OpHUEHTHPOBOYHO OepeTcsi U3 pacyeTa
1o 1,5 — 2 MUHYTHI Ha KXl MUJUTUMETP TUAMETP WM TOJIIUHBI I€TaIH.

JIns Huskoro ormycka Bpems BblaepKku npu 200°C npunumaetrcs paBHbiM 30
MUHYyTaM, s cpeaHero ormycka npu 400°C — paBHeiM 20 MUHYTaM U BBICOKOTO
ornycka npu 600C — paBaeiM 10 munyram. Kpome Toro, s Bcex BUIOB OTIyCKa
npubasisieTcs Mo 1 MUHyTE Ha KaXIblii MUJUTUMETP JUAMETPa WU TOJIIMHBI E€TaH.
CKOpOCTh OXJIAKJICHHUS BEIOUPACTCS B 3aBUCUMOCTH OT BHa TEPMOOOPAOOTKHY.

[IpeBpatienue npu HarpeBe CTalal U3y4YUTe MO yUSOHUKY.

O1Txur

OTxur sBIsSETCA MEPBOHAYAIBHOMN omepalnueld TepMuueckod oO0pabOTKH, IEb
KOTOpOW — JMOO0 yCTpaHUTh HEKOTOPHIE NEPEKTHI MPEIbIAYIIUX Olepaluil ropsyei
00paboTKH (JTUThSI, KOBKH W T.JA.), TUOO TMOATOTOBUTH CTPYKTYPY K TOCIETYIOIIHM
TEXHOJIOTUYECKHUM OTepalusM (Harpumep, o0paboTKe pe3aHbeM, 3aKaKe).

OCHOBHbIE 1€MW  OTXKHIa:yCTPAHCHHE  BHYTPEHHUX  HANpsDKEHUW U
MEePEKpUCTAIIIIN3AIUS CTAJIH.

Jns omxura yriepoauctsie ctanu HarpeBaroT Ha 30...50°C Beiue nuann GSK.
Oxnaxnaenune mMeyieHHoe (0OBIYHO BMECTE € Teublo) co ckopocThio 20 + 100 rpan/gac.

B OonpmmHCTBE ClIy4acB AO3BTCKTOMIHBIC CTAJIM IIOABCPrarOT IIOJITHOMY OTXKHUIY —
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HarpeBaroT BbIme JUHUU GS, a 3BTEKTOUIHBIE U 3a3BTCKTOUJHBIE — HEMOJTHOMY
OTXKUTY C HAarpeBOM BbIIIe JTUHUU SK.

JI1s HaxOoXKACHUST ATUX TEMIIEpaTyp Ha OCU aOCIHCC TUarpaMMbl HAXOJSAT TOUKY,
COOTBETCTBYIOIIYIO CTalld C 3aJaHHBIM COJIEpXKaHHWEeM yriepoja, W U3 Hee
BOCCTAHABJIMBAOT MEPIEHAUKYISAP 0 MEPECEUCHUS C JUHUAMHU JUarpaMMbl, 3aT€M M3
MOJTYYEHHBIX TOYEK IMEePECEUCHHUI MPOBOASAT JMHUM, MapajUiebHble Ocu abciuce, A0
MepeceueHrs ¢ OChbI0 OpAMHAT U Ha HEW HaxoHsT TeMIepaTypbl KPUTUUECKUX TOYEK,
COOTBETCTBYIOIIUX TEMIIEpaTypaM HarpeBa, K KOTopbiM 100aBisitoT eme 30... S0°C.
Tak, Hanpumep, g oTxKUTa cTanu, coaepxaieit 0,4 % yriepoaa, noTpeOyeTcs Harpes
Ha 820 + (30...50), a mna cramm, coxaepxkamie 1,6% yriepoma - 727+(30...50).

[IpeBpaitienust mpu OTKUTE BTOPOTO POJIa U3YUUTE M0 YUEOHUKY.

Hopmanu3zauus

Hopmanuzamus Takyke sBIsSeTCS IePBOHAYAIBHONW oOmepanueidl TepMHYECKOU
00paboTKH, TMelb KOTOpOoW - TmojHas ¢a30BOM NEpeKpUCTAUTM3AlMS CTadud U
yCTpaHEHUE KPYMHO3EPHUCTON CTPYKTYPHI, MOJYYEHHOW NPH JIMThE WU TPOKATKE,
KOBKE WJIM IITAaMIIOBKE, MOJIydeHHEe 00Jiee BRICOKOW MPOYHOCTH CTaIH.

Jlns Hopmanuzanuu crainb HarpeBatoT Ha 30...50 °C Beime nuaun GSE (Touka A
€3 I JIOOBTEKTOUIHBIX CTAJIEM W ACM JIsi 3ad9BTCKTOMIHBIX, KaK 3TO IOKa3aHO Ha
ayarpaMmme JJis CTaiu, coaepsxkanieit 1,6% yriepona).

OxJTak1aroT Ha CIIOKOMHOM BO3yXe co ckopocThio 50...100 °C rpan/Jac.

B pesynbrare cTans U3 KpymHO3E€PHUCTON MPEBPAIIACTCS B MEIKO3EPHUCTYIO, U3
XpYIKOH B OoJiee BA3KYIO.

[IpeBparienne npu HOpMaTU3AUK CTATTH U3YIUTE 110 YICOHUKY.

3akaJjika

3akanka CHOCO6CTByeT IMOBBINICHUIO ITPOYHOCTH M TBCPAOCTH, ITOHHIKCHHUIO

QJIACTUYHOCTH CTaJIH.
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JIns 3aKajky CTallb HArpeBarOT 0 cocTossHUA aycteHuTa Ha 30...50 °C Bpiue quHUN?
GSK (touku Acs s JOSBTEKTOMIHOM cCTamum WM Aci [ 3a3BTEKTOUJIHOM).
OxnaxnaaroT O0sicTpo. OpUEHTUPOBOYHO, MPU YCIOBUHU, YTO JETATU HUMEIOT OOBIYHBIC
pasMmepbl U (opmy, OXJaxaaromas cpeJa MMEeT HOPMalbHYIO TeMIeparypy lexa
(18...20 °C), MOXHO TPHUHATH, YTO CKOPOCTh OXJIAXKICHUS MEXKIY METALTUYECCKUMU
IUTMTaMH WM 001yBKoW Bo3ayxoM coctasisieT 10...50 °C B cek, B macne 100 °C B cex
n B Bojge 200 °C B cek. bonee TOYHO CKOPOCTHM OXJIAXKICHUS OINPEACISIIOT IO
CIIPaBOYHUKY.

B 3aBuCMMOCTH OT CKOpPOCTH OXJaXJEHUS AayCTCHUT TMpeBpaliaeTcs B
CJIEAYIOIINE OCHOBHBIE CTPYKTYPHI: IEPJIUT, COPOUT, TPOOCTUT U MAPTCHCHUT.

CKOpOCTBIO U BpEMEHEM pacliajia aycTeHUTa (ramMma ->aib(a IpeBpalleHUEM )
ynpaBisioT 1Ba pakropa. [lepBeiil - BeMUunHA MEPEOXIAKACHUS HUKE A1 OT KOTOPOTO
3aBUCHUT JBWIKYIIAs YHEPTUsl MpeBpaileHus. Bropoit - TemmnepaTypa craiu, OT KOTOPO
3aBUCUT CKOPOCTh MU dy3un (MOIBUKHOCTH) aTOMOB, IIOATOMY Ha pacriaj] ayCTEHUTA
HEOOXO0JIUMO BpEMSI.

CneBa OT KpUBBIX pacmajga JIeKUT  0oOJacTh  MEPBOOXJIAKICHHOTO
(HepacrmaBIierocsi), HECMOTpsI Ha OOJIBIIOE EPEOXITAKIECHUE, ayCTEHUTA.

Ecnu kpuBas oxnaxaenus (V1 'Vn) nepecedeT KpUBYIO pacmaja, TO MPOU30UAET
OIMH W3 BUIOB IMEPIUTOBOro pacnana. Eciu kpuBas OXJIaXKIEHUs TNPOUIET JieBee
KPUBBIX pacriajia, TO MEePEOXJAXICHHBIM aycTeHUT mpocyiiectByer ao 240 °C wu
IIPEBPATUTCS B MAPTEHCHUT 1O O0e3nudhy3noOHHOMY MeXaHu3My, T.K. TemmepaTypa yxe
CJIMIIIKOM HU3Kas, YTOOBI MPOU30IILIA TEPETPYNITUPOBKA aTOMOB.

B 3BTEKTOMIHOW YrIepOAUCTON CTAIM IIPU €€ MEJICHHOM OXJIAK/ICHUU AYCTECHUT
Ha JIMHUM NEPIUTHOTrO npeBpauieHus npu 727 °C wiu npu Y1 u Vaiipu nepeoxiaxiaeHuu
10 650 °C npeBpaiiaeTcsi B IepuT.

ITpu ckopoctu oxnaxaenus V3 okomno 10...50 °C B cek ayCTEeHUT MpeBpaIiacTcs
B COPOUT 3aKajKH, MPEACTABISIIONINX COOO0M, TaK e KaK MEPIUT, MEXaHNIECKYIO0 CMECh
MJJACTUHYATHIX KPUCTAIOB 1IEMEHTUTA BTOPUYHOIO, PABHOMEPHO PACHPE/ICIICHHBIX B
dbeppuTte, TOIBKO B pe3yJibTaTe NepeoxiaxaeHus 00aee TOHKUX

[IpeBpaiieHne aycteHuTa B COPOUT MPOUCXOAUT MpHU nepeoxiaxaeHuu a0 600 -

650 °C. OxnaxaeHwe i 3aKalkKd Ha COpOUT OOBIYHO TIPOUZBOIAT MEXKIY
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METAJUTMYECKUMHU  IJIUTaMH WM 00AyBKOM Bo3ayxoM. CopOUTOM Ha3bIBaeTCs
CTPYKTYpa AUCIEPCHOMN IUIACTUHYATON cMecH 1ieMeHTuTa U ¢peppura. CopouT obnagaet
BBICOKOM BBIHOCJIMBOCTBIO, OH XOPOILIO CONPOTUBIISIETCS YAApHBIM M TEPEMEHHBIM
Harpy3kam, ero TBepaoctb HRC = 30. CtpykTypa copOuTa T0IKHBI UMETh KOJICHUAThIC
BaJIbl, IIATYHbI W JAPYTHE JAETalld, padOTaroIIMe NPU YIApHBIX M 3HAKOIIEPEMEHHBIX
Harpyskax.

IIpu ckopoctu oxnaxzaeHus okoiao 100 °C B cex ayCTEHUT MNpeBpallacTcs B
TPOOCTUT 3akalku. [IpeBparieHue aycreHHUTa B TPOOCTUT TMPOUCXOJIUT TMPHU
nepeoxnaxaeHuu 10 500 - 600 C. OxnaxaeHue s 3aKajlKd Ha TPOOCTUT OOBIYHO
IPOU3BOIST B MAIITMHHOM Maclie.

TpoocTuTOM Ha3bIBA€TCS TOHKOAMCIIEPCHAS TUTACTMHYATAs CMECh IIEMEHTHTAa U
dbepputa. TpoocTuT oO0jagaeT BBICOKOW YNpyroctbio, ero TBepaocte HCR = 40.
CTpyKTYypy TpOOCTHTA JOJDKHBI MMETh PECCOPBI, MPYXUHBI W JpPyrue HeTaiu, OT
KOTOPBIX TPeOYeTCs BLICOKAsI YIIPYTOCTb.

IIpu ckopoctu oxnaxnenuss 6osnee 200 °C B cex ayCTEHUT MpeBpaliaeTcs B
MapTeHCUT. B 3TOM ciydae ycrneBaeT NPOU30UTH TOJBKO NEPECTPOMKA PEIIETKH raMMa-
’Keje3a B HECKOJIbKO MCKKEHHYIO PelIeTKy alb(da-kene3a 0e3 BbIIEICHUS YIiepoa,
KOTOPOTO B ayCTEHUTE COJAEPKHUTCS 3HAYUTEIBHO OOJBIINE, YeM MOXKET PaCTBOPUTHCS
Ipy HOPMAJIbHBIX YCJIOBUSX B anbda-xkenese (Ppepputre). OmHAKO B MapTEHCUTE
OCTaeTCsi HEKOTOPOE KOJMYECTBO AaYCTEHHTAa, HE YCIEBILIETrO NPEBPaTUThCA B
MapTEHCUT, TaK Ha3bIBAEMOI0 OCTAaTOYHOro aycTeHuTa. OCTaTOYHBIM ayCTEHHT B
ABTEKTOUJHOM CTajW MPEBPAIIACTCS B MApPTEHCUT MPU €ro JajdbHEHIIEM OXJaKICHUU
o 50 °C wwmwxke Hyma. Takum o00pa3oM, MpeBpallleHHE ayCTEHHTa B MapTCHCUT
HauuHaeTcs g npu nepeoxnaxaeHun 10 240 °C, a 3akanumBaerca npu muHyc 50 °C.
OxutaxkieHue AJisl 3aKaJIKi Ha MapTEHCUT NPOU3BOAAT B BOJIE.

MapTeHCUTOM Ha3bIBACTCS MIEPECHIEHHBIN TBEPIBIN PacTBOp yrieposa B anbda-
xesneze. MapTeHCUT UMEET UT0JIbYaTyI0 CTPYKTYPY, €r0 TOHKUE BBITAHYTHIE KPUCTAIIIbI
MOXO0KM Ha UTJIbl. MapTEeHCUT O4YeHb TBEPJ U Xpymok, ero teepaoct HCR = 60...65.
TBepAOCTh MapTEHCUTA 3aBUCUT OT CTENEHU MEPECHIIEHHOCTH YTIEPOJOM, MOITOMY,

yeM OOJIbIIIE B CTaJIH yriaepoaa, TEM BBIIIC €€ TBEPAOCTD IIOCJIC 3aKaJIKH.
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Cramu, coxpepxamue yriaepoga Menbiie 0,3%, 3akanky DpPakTUYECKH HE
MPUHUMAIOT (HE 3aKaJIUBAIOTCS).

CTpyKTypy MapTEHCUTa JIOJDKHBI MMETh METaJUIOPEXKYIIHE WHCTPYMEHTHI, OT
KOTOpbIX TpeOyeTcsi BbICOKas TBEpAOCTb. OJHAKO MapTEHCUT OO0JaJaeT Takke H
BBICOKOM XPYNKOCTBIO, YTO HEIONYCTHUMO JJisi HHCTPYMEHTa, IO3TOMY JE€TalH,
3aKaJeHHbIE HA MapTEHCUT, JJI1 YMEHbBIIECHUS UX XPYINKOCTU 0€3 3aMETHOTO CHUKEHUS
TBEPAOCTU MOJABEpPrarTcs oTnycky. lIpeBpaiieHus B cTaldu NpU 3aKaldKe U3YUUTE I10

y4EOHUKY.

OTnyck

OTryck TpOM3BOIAT JJIi CHWKEHUS WM TIOJTHOTO YCTPaHEHUS BHYTPEHHUX
HAIPSDKEHUM, YMEHBIICHUS XPYIMKOCTH 3aKaJICHHOW CTald U TOJydeHus Tpedyemon
CTPYKTYPbI U MEXaHUUYECKUX CBONCTB.

OTnyck - 3aKiIrOYUTENIbHAsl Olepaius TepMHYecKol o0paboTKH, Npuiarouas
CTaJIbHOMY W3JIETIMI0 OKOHYATENbHbIE CBOWCTBAa. J[JI1 OTIycKa HarpeB 3aKaJE€HHOU
CTajii OCYIIECTBIISIOT A0 Temiieparypsl He Boilie Acl (727 °C).

ITpu narpese 10 100...150 °C npoucXoauT UCKYCCTBEHHOE CTapEHUE MApTEHCUTA, MPU
ATOM OCTATOYHBINA ayCTEHUT MPEBPAIAETCS B MAPTEHCUT, YTO CTAOMIM3UPYET pa3Mephl
JeTajeH.

IIpu narpeBe mo 150...250 °C (HM3KHI OTIYCK) MAapTEHCHUT MpPEBpAIIACTCS B
OTMYIIEHHBIA MAapTEHCUT, 3HAUYUTEIbHO YMEHBIIAET CBOIO XPYNKOCTh IMpHU
HE3HAYUTEIHbHOM YMEHBIIIEHUU TBEPAOCTU. [Ipu 3TOM 113 MapTeHcuTa (IEPECHIILIEHHOTO
pacTBOpa) HAUMHAET BBIACIATHCS W3JIMIIHE PACTBOPEHHBIM B HEM YIJIEpOA B BHUJIE
ueMmeHTuTa. OJIHAKO LIEMEHTUT HE YCIIeBaeT o0pa3oBaThb 00OCOOJIEHHBIE KPHUCTAJIbI,
OCTaBasCh KOTCPEHTHO (Yepe3 OOIMi IMOrpaHUYHBIM CJIOW aTOMOB) CBSI3aHHBIM C
MapTEHCUTOM.

ITIpu narpese no 350...450 °C (cpenHuil OTIYCK) MapTEHCUT MpEBpaIlaeTcs B
TPOOCTHUT OTITycKa. [Ipu 3TOM KpHUCTaIIbl IEMEHTUTA CTAHOBATCS YK€ 000COOJICHHBIMH,
XOTSI U OUYE€Hb MEJIKUMHU.

Crainb npuoOpeTaeT ynpyrocTb.
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IIpu 450...650 °C (BbICOKMI OTIYCK WJM YIy4llleHHE) 00pa3yeTcs COpOUT
OTIyCKa, y KOTOPOTO KPHUCTAIJIbI IIEMEHTUTA CTaHOBATCS emie Ooubiie. Craib
MpuoOpeTaeT BEIHOCIUBOCTh K IEPEMEHHBIM Harpy3Kam.

JlanbHeWunii HarpeB BEJET 3a cO00M Mocae10BaTeNbHbIE IPEBPALIEHUS B IEPIUT
M ayCTEHUT COTJIACHO MarpamMMe COCTOSIHUS CILJIaBOB.

OTnyck Ha OTHYIIEHHBIM MAapTEHCUT HA3bIBAIOTCS TAakKXKe€ HUBKUM OTIYCKOM,
OTITYCK Ha TPOOCTHUT - CPETHUM, & Ha COPOUT - BBICOKHM OTIIYCKOM WJIH YJIYUIICHUEM.
Takum 006pa3oM, CTPYKTYpPhI COPOUTA U TPOOCTUTA MOXKHO MOJYYUTH JBOSIKUM ITYTEM -
b0 OXJIXICHUEM W3 ayCTeHHWTa, JIMOO HarpeBaHMEeM W3 MapTEHCHUTa, OJIHAKO
CTPYKTYpHI OTIYyCKa 00JIaIAt0T JTYUITUMHA MEXaAaHUYECKUM CBONCTBAMU.

OxJaxxIeHre TMpU OTIYCKE YIJIEPOJAUCTON CTald OOBIYHO TPOM3BOJIUTCS Ha
BO3/IyXE.

Teopuro u MPaKTUKY OTITYCKA U3YUYUTE MO YUCOHUKY.

[Ipu oTBeTe Ha BOMpPOC § peKOMEHIYEM CIEAYIOUIUN MOPSIOK:

a) BbIYEpUMUBAEM TaOIHITYy 1

0)  BBIUEpPUMBAEM CTAJIBHOW YroJ AMArpaMMBbl KeJe30-YIJIepoa M Ha OCHU
abciicC  HAaXoIMM  COZEpKaHuWe yriepoja B 3aJaHHOM COCTaBe (Hampumep,
3a’BTEeKTOMHAs cTaib, 1,6% C). M3 TOYkM 3aaHHOIO COCTaBa BOCCTaHABIMBAEM
NEPICHIUKYIISIP, TEePECeKAoNINi JIMHUM TuarpaMmbl. Tak Kak O OTXKura Jiro0oro

BUJIa 3aKaliku ctayb HarpeBaroT Ha (30...50) °C Beime aunuu GSK, To 115 3aaHHOM

CTalld TeMIIepaTypa Harpesa (a He TOYKa MpEBpalleHUs MPU OXJIaKIeHHH) paBHa A +
(30...50) °C. 3amuceiBaem 3tu 1udpsi: 727 + (30...50) °C B rpadsl TaOIUIIBL.

Jns Hopmanuzauuu ctanu HarpeBatoT Ha (30...50) °C Beime nuauu GSE.
[ToaTomMy TeMmmiepaTypa HarpeBa AJid 3a/IaHHOM CTalau paBHa Acm COCTaBIISIET B JAHHOM
cinyyae -960 °C, nostomy B Tabnuiy BouckiBaem 960 °C + (30...50) °C.

AHaNOrM4HO MOCTYMAIOT, €CJIU, HalPUMEp, 3aJaH COCTaB IOABTEKTOUIHOW CTaJIH,
coaepxarnuii 0,4% C

B) Ha3HaYeHUE TEPMOOOPAOOTKN HAXOAWM B YUeOHHKE Wi B MeTOIMIECKIX
YKa3aHUSIX MMYHKT 3 ¥ BOUCHIBaeM B rpady TaOIuIIbI

r) BpeMs HarpeBa 0 Temiepatypbl T.0O. Bbluucnsiem 1o JaHHbIM ydyeOHHKA

i Metonndeckux ykazanuu "I’
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)  peXuM OXJIaXKJEHHUs (Cpella U MPUMEpPHasi CKOPOCTh OXJIAXKCHHUS ) HAXOIUM
B y4yeOHUKE WK B METOIMUECKUX YKa3aHUAX ' . ¥ BIIUCHIBAEM B TAOIUILY

€)  Tocje 3aloJIHCHUS TaONWIbl JaeTcsl OMUCAaHWE METoAa OIpeAcIeHuUs
HarpeBa W peXHUMa OXJAKICHUS U TOJYYEHHBIX IOCJIe TEPMUYECKOU 00padOTKH
CTPYKTYP.

JeBsthiil Borpoc umeeT 10 BapuaHTOB, BKIIOYEHHBIX B Ta0J1. 4.a

[To xaxaoMy U3 BapuaHTOB cieayeT paciudpoBaTh MapKd 3aJlaHHBIX
KOHCTPYKIIMOHHBIX U HUHCTPYMEHTAJIbHBIX MaTEpPUAJIOB.

3aTemM MPUBECTH MPUMEPHI TPUMEHEHHS KaXKI0T0 MaTepHaa.

Hwxe npuBoautcest oOpaser; orBeTa Ha BOIpoc 9

I5XCHJI - HuU3KOJETHMpOBaHHAs  CTPOUTENIbHAsA  KAue€CTBEHHas  CTajb
[IpumensieTcss JUIsi CBApHBIX CTPOUTEIBHBIX (epM, KOHCTPYKIUA MOCTOB, OCEH, TS,
KOPIYyCOB anmapaToB U cocynoB. CToiikast kK aTMOc(epHOl KOPPO3UH.

CU15 - cepwlif 4yryH, QeppuTHbII C Trpa@uTOM IUIACTUHYATON (OPMBI.
[IpumensieTcss g U3eIUid HEOTBETCTBEHHOIO HAa3HAYEHUS (KPBIIIKU JIFOKOB, IIKUBBI,
KOpIyca pe1yKTOpOB, HACOCOB)

20 - MamMHOCTPOUTENbHAS YIJIEPOJIUCTass KOHCTPYKIIMOHHAs KaueCTBEHHas
ctanb, coaepxut 0,2% C, ynpouHseTrcs B MOBEPXHOCTHOM cioe. llpumensiercss s
U3rOTOBJIEHUSI LEMEHTYEMbIX, HHUTPOLEMEHTYEMBIX, LMaHUpyeMbIX naertaned. He
TpeOyIOIUX. BBICOKOW TPOYHOCTH CEPAIEBUHBI (OCH KapeTKU BeJOCHUIIea,
CEIbCKOXO03MCTBEHHBIE MAIIIHBI).

60C2XDA - npyXUHHas JETUPOBAHHASI BBICOKOKAYECTBEHHAS CTallb C BHICOKUMU
MEXaHWYEeCKUMHU CBOMCTBAMH Iocjie Tepmuueckoir oopadbotku. Comepxur 0,6% C, 2%
Kpemuus (C), mpumepHo mno opgHomy mponeHTy xpoma (X) u BaHagus (D). A -
BbICOKOKauecTBeHHas. [IpumeHnsieTcss mjisi 0co00 OTBETCTBEHHBIX TOJICTBIX MPYXKHUH,
paboratomux npu Harpese g0 200 - 500 C, tpeOyer mMOBEpXHOCTHOTO YHIPOYHEHUS
00TyBKOM TpOOBIO.

45X14HI14B2M - nerupoBannas xaporpounas 10 650 °C. CtpykTypa aycTeHHUTa
¢ kapouaapiM ympouHeHuem. Copepxut 0,45% C, 16% xpoma (X14), 14% Hukens
(H14), 2% Bonbdpama (B2) u 1% monubnena (M). IIpumensiercs st U3rOTOBICHUS

BBIITYCKHBIX KJIAaIAHOB (POPCUPOBAHHBIX JBUraTejieid BHYTPEHHETO CrOpaHus, JeTaliei
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0c000 OTBETCTBEHHBIX TPYOOIPOBOJIOB, >KAPOMPOUYHBIX OOJTOB, JIONATOK M JUCKOB
ra3oBbIX TypOuH, padoTtaromux mnpu 650 °C.

12X18H9T - gnerupoBaHHas, KOPpPO3HMOHHOCTOWKAasi CTajdb ayCTEHUTHOU
ctpykrypbl. Conepxut' 0,12% C, 18% xpoma (XI8), 9% nukens (H9) u npumepro 1%
tutana (T). Ilpumensercs st uW3roTtoBieHUs  0OakoB, TpyO,  Jeranei,
COMPOTHUBIISIIOUIMXCS KOPPO3UM B MOPCKOHM BOJE, JIaKaX, OPraHUYECKUX MU a30THOMU
KHCJIOTaxX, B c1abbIx mmienouyax. Takke xkaponpouHa 1o 600 °C. Xopoiio cBapuBaeTcs
aproHOAYTOBOW CBAPKOU.

3X2B8® - uHcTpymeHTanbHas jerupoBanHas. Copepxut 0,3% C, 2% xpoma
(X2), 8% Bombhapama (BS) u 1% Banagus (d), Ttemynocroiikas, IITaMIIOBAIL.
[TpumeHnsieTcst AJ1s1 U3TOTOBJICHUSI ITAMITOB, (POPM ISl MAIIMH JIUTHCS IO/ JaBJICHUEM,
CTOMKass K OoOpa30BaHHMIO TOBEPXHOCTHBIX TpemuH. HeobOxomumas tepmooOpadoTka
coctout B 3akaike ¢ 1050...1100 °C B macno + ormyck nipu 550...650 °C.

TT7K12 - TBepabli METANIOKEPAMUYECKUII WHCTPYMEHTAJIBHBIA  CIUIaB.
Conepxut 81% kapouna dpoasdpama (WC), 4% xapouna turana (Ti C) + 3% kapbuaa
tantana (Ta C), 1.e. Bmecte 7% - (TT7), 12 % cBsizku - MeTasumdeckuit kodansT K12.
[IpumensieTcss B KauyecTBE PEXYIIMX DJIEMEHTOB JJii YEPHOBOW OOTOUKH B TSKEIBIX
YCIOBUSIX TIO KOpPKE C pAaKOBHHAMHU IpU HAIWYAM TECKA M HEMETAIUIMYECKHUX
BKJTIOYCHU. :

CAIIl - amoMuHHMEBBIH AehOPMUPYEMBIH CIUIaB - CIICUCHHBIA aTFOMHHUEBBIN
cruiaB?. ConepKUT aJlOMHUHUEBYIO OCHOBY U 6-9% oxucu amomuHus (A1203).
[IpumensieTcss B aBHACTPOCHUHM JUIsl W3TOTOBIICHHS JIMCTOB, TPYTKOB, MNpOQuUiIeH,
MOKOBOK U (osbru, padotaronux 10 500 °C.

AJI20 - anmromMuHUEBBIH JHUTEHHBIA criaB. CoOOEpKHUT aTlOMUHHUEBYIO OCHOBY,
nerupoBanuyto 4% menu (Cu), 1% marnus (Si), 1,5% xenesza (Fe) u mo 0,2% Mn, Cr,
Ti. CronaB >xaponpounbslii. M3 HEro M3TOTOBISIIOT TOJOBKH IWJIMHAPOB, MOPIIHU H
JIpyrue AeTanu OOJEryeHHbIX JABUTaTEIeH BHYTPEHHETO CrOpPaHHUs, HarpeBaroOUIUXCs 10
275 C, ¢ XOpOILIUMH JINTEMHBIMU CBOMCTBAMU U MOBBIIIEHHON T€PMETUYHOCTBIO.

JIK80-3 - nuteitnas nyx(dasznas kpemauctas garyHb. Cogepxut 80%) mean, 3%
kpemaust (K-3), octaibHoe uuHK (Zn). Ilpumensiercst st U3rOTOBJICHUS KPYIMHBIX

KOppO3HOHHOCTOﬁKHX 3aroToBOK, CYJOBbBIX BUHTOB.
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BpAM110-2 - nurteitHas amroMuHHEBO-MapraniieBas Oponza. Coaepxut 10%
amomuaus (A-10) u 2% wmapranna (Mu-2), octanbHoe Menb. [Ipumensercs s
W3TOTOBJIEHUS (DACOHHBIX JIUTHIX AETajdel METOAOM JIUThsli B KOKWIb U B IECUAHbIC
(bopMBI.

NPM2 - TurtanoBelii cruiaB. JlerupoBan 4% amtomunus u 3% HuUOOUS.
[IpumensieTcss AJisi CBapOYHOM MPOBOJIOKH (DJIIEKTPOJAOB) JJIsI CBapKH THUTAHOBBIX
CILIaBOB.

BKA - cBunnoBokanbiueBbiii 0a00ut Coaepxut 98% cunua (P), cogepxut 1%
HaTpusi (Na).. [IpumeHsieTcst 115 3aIMBKH IIEHTPOOEIKHBIM CIIOCOOOM WJIM JIUTHEM TO]T
JABJICHUEM B TMPOYHBIM KOPIYC TMOAIIMITHUKOB CKOJIBKEHHS B KEJIE3HOIOPOKHBIX
BaroHax, KOJIEHYAThIX Bajax TEIJIOBO3HBIX JBHUTATeNIeM. OTu O0aOUThI JCIICBIIE
OJIOBSIHHBIX.

Kanpon-nonuamuy - [onsipuerit Tepmoract. {uanazon pabouux TemMmneparyp ot
-30 1o +70 °C. OcHOBHOE MPUMEHEHUE - 1JI1 TEXHUUYECKOTO BHICOKOMPOYHOIO BOJIOKHA,
aBTOMOOMJIBHOTO KOp/ia, IHYPOB, CTPOIl U TKaHel. beicTpo crapeer Ha cBety. TkaHb He
TUTPOCKONIMYHA U HE TUTHEHHYHA, pa3pyllaeTcs Jaxe B CiIa0bIX KHUCIOTaxX W He
CKJICUBAETCHI. Jluteie  peranum u3 KalpoHa  YJapONpPOYHBI (xopmyca
ANEKTPOUHCTPYMEHTA),  XOPOUIO  CONPOTHUBISAETCS  WU3HOCY, HUMEIOT,  MaJlbli
kKod(puieHT TpeHus (MpUOOPHBIC MIECTEPHU, MTOAIIMITHUKHA CKOIBKEHUS 0€3 CMa3KH B
aBTOMOOMIIE, BEPETEHA, IOI0IIBA O0YBH)

ITpumep otBeTa Ha Borpoc 10

— moadepute Marepuan S BBICOKONPOYHOW apMaTypbl ISl Keie300€TOHHOM

KOHCTPYKIIHUH.

Jlnst Takoil apMmaTyphl Hy)KHa HHU3KOJIETHPOBaHHAs apMaTypHas CTallb. BwiOupaem
6onee mpounyto ctanb 35 ['C. Ona coxepxut 0,35 % C u npumepro no 1% maprania
(I') u kpemuus (C).

Omna xopo1o cBapuBaeTcsi, He TpeOyeT TepMOOOPabOTKH.

— moxdepuTe Marepuas JUisi CBapHOTo Oaka s xpaHeHus ropsiaeir 20% cepHoi

KHUCJIOTHI.

Jl1st Takoro 0aka Hy>XHa KOPPO3MOHHOCTOMKasI cTaib (Tabi. 6). BeiOupaem mapky

06XH28MT. Ona cogepxut 0,06% C, 1% xpoma (X), 28% nukens (H28), 1% tutana
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(T). Ouenp mnnacTU4HAs, XOPOLIO CBAapHBAETCSA, HE YHPOYHSAETCA 3aKaJKOM - JUIs
KOpILyca IIapUKOBOM PYUKHU.
Jist xopriyca pydkd UCHoJib3yroT nojuctupon (ABbC-mmactuk). M3roroistor

ACTalId METOAOM JIUTHA 11O JaBJICHUEM

3. 3agaHusi Ha KOHTPOJIbHYI0 padoty Nel

Hpe;w:[e 4CeM IPUCTYIUTH K BBIIIOJIHCHUIO KOHTpOJIBHOﬁ pa6OTBI, BHUMATCIIBHO
IMPOYTHUTC MCTOI[I/IIICCKI/IC YKa3aHuA. Pa6OTBI, BBITIOJTHCHHBIC HC B  IIOJTHOM

COOTBC€TCTBHHU C UX Tpe60BaHI/I$IMI/I, HC 3aCUHUTBIBAIOTCA.

BOIIPOC 1

Bapuanrt 1
JlomeHHO€E MTPOU3BOJACTBO. BhImiaBka yyryHa.
Bapuanrt 2
[IpousBoactBo cranu. KoHBEepTOpHBIH criocob nepeesa yyryHa
Bapuant 3
[TpousBojicTBO cTamu. MapTeHOBCKHUM CIIOCO0
Bapuanr 4
[Ipou3BoaCTBO cTamu B 3JEKTpONEYaX, €ro MPEUMYIIECTBA U HEIOCTAaTKH IO
CPaBHEHHUIO C MapTEHOBCKUM U KOHBEPTOPHBIM CIIOCOOaMU
Bapuant 5
CriocoObl pa3MBKY CTAIH U MOJYYEHUS CITUTKOB
Bapuanr 6
[Ipown3BoacTBO CTaNM U3 Py
Bapuanr 7
[Tpou3BOICTBO AIIOMUHUS U3 PY]T
Bapuant 8
[Ipon3BOACTBO TUTAHA U3 PYL

Bapuant 9
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CriocoObl NOBBILIEHUS KAUECTBA CTAJU U CIJIaBOB.
Packucnenue cranu u 00pabOTKM CUHTETUUECKUMU HIJIaKaMHU.
Bapwuant 10

Crioco0sb1 MOATOTOBKHY PYAbI AJI IJIABKW YYT'YHA U IBCTHBIX CIIJIAaBOB

BOIIPOC 2

Bapuanrt 1
Kpucramnuueckoe cTpoeHne wmeTamuioB. KpucTamnuyeckue pelmeTkd METAJIOB.
Peanvnoe  cTpoenue meramioB. [lonmudopmusm MeTanios.

Bapuant 2
Kpucrannunueckoe crpoeHne MetaiioB. PeasibHoe cTpoeHue MetainoB. CTpyKTypHBIE
HECOBEPILEHCTBA KpUCTaUIMUecKon pemeTku. [lomudopmusm MeTamios.

Bapuant 3
Crtpoenue BemiecTB. AMOpPGHBIE U KPUCTAIIITUYECKUE Tesla. AHU30TPONHS U H30TPOTIHSL.
[MonmudopmMusm MeTaIoB.

Bapuanr 4
Kpucranmnuzanus METaJIJIOB. Temneparypa KpUCTAJUIA3ALlUH. Crenenn
NEePEOXIIaAKACHUS.
CroOoanas sueprus. [Toaudopmusm MeTasioB.

Bapuant 5
Kpucramnuzanuss metamioB. Kpusble oxnaxaeHus npu kpuctamumzauud. CKOpoCTbh
pocta kpuctamioB. [lomudpopmuszm MeTaos.

Bapuant 6
Kpucrannmzanusa metamnos. AJUTOTPONHSI METAJIOB U JKEJIE3a.

Bapuanr 7
MeTtoabl UCCIEIOBAHUS CTPOCHUS METAJLUIOB: MUKPO- U MaKpOaHaIU3. PEHTTeHOBCKUM
ananm3. [lomudopmusm Metamion

Bapuant 8
[Inactuueckas npedopmanus MeTAUIOB. Ympyras H IUlacThyeckas jaedopmanusi.

[Monudpopmusm meramion
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Bapuant 9

[Inactuueckas aepopmanus MmeTaysioB. SABnenue Hakiena. [lomudopmusm Meramios.
Bapuant 10

Kpucrammsanus MeTauioB. 3aBUCUMOCTb CKOPOCTH POCTa KPUCTAJJIOB OT CTEIEHU

nepeoxnaxaenus. [lonudopmuszm meTannos.

BOIIPOC 3
Bapuanrt 1
HcnbiTannss MeTtaiioB Ha pacTspkeHue. [[uarpamma  pactskeHus. OmnpeneneHue
npeaena NpOYHOCTH.
Bapuant 2
HcnbiTaHus MeTauioB Ha TBEpAOCTh. OnpeaeneHue TepAaocTy no bpunemio
Bapuant 3
HcnbiTanne Ha pacrsbkeHue. Juarpamma pactsbkeHus.  OnpezneneHue npejnena
TEKY4YECTH
Bapuanr 4
HcnbiTanne MaTepralioB Ha TBEpAOCTh. Onpenenenue TBepaoCcTH o PokBeny.
Bapuant 5
HcnbiTanne maTtepualioB Ha pacTsbkeHue. Jluarpamma pactsokeHusa. OmnpenenieHue
npejaena NpoYHOCTH
Bapuanr 6
HcneiTanne MatepuanoB Ha TBEpAOCTh. OnpeneneHue TBEpIoCTH o Bukkepey
Bapuanr 7
HcnbiTanne maTepuaioB Ha yIAPHYIO BA3KOCTb
Bapuanr 8
HcnplTaHus MaTepuanoB Ha TBepAocTh. Onpeaenenre MUKpOTBEPAOCTH 00pa3IioB.
Bapuant 9
HcneiTanre MatepuaioB Ha ycTanocTb. OnpeaeseHnue npeaeia yeTaloCTH.
Bapuanr 10
HcnbiTanne matepuanoB Ha pacTsbkeHue. [Jumarpamma pactsokeHus. OnpeznesneHue

OTHOCHUTCIIbHOI'O YAJIMHCHUA
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BOIIPOC 4
Bapuanr 1
OcHoBbI TepM000padoTKH cTanu. [IpeBpanieHus B cTaiau Npu HarpeBe
Bapuant 2
OcHoBbI TepM00OpaboTKU cTanu. [IpeBpaienus ctaau nIpu OXJIKICHUU
Bapuant 3
OcHoBBl TepMoOOpaboTKkM ctanu. llpeBpaieHuss aycTeHUTa TMpPU HENPABUIBHOM
OXJIXKJIEHUU C
pPa3HbIMU CKOPOCTSMHU
Bapuant 4
OcHoBbl TepMo0OpaboTku ctanu. llpeBpaiieHus mapTeHcUTa NMpU HarpeBe (OTIYCK
CTaJIN)
Bapuanrt 5
Texnonorust TepMoo6padoTKu cTasu. OTHKUT CTAN
Bapuanr 6
Texnonorust TepMoodpaboTku ctanu. OTKUT CTAIU
Bapuant 7
Tepmomexanndeckast o0padoTka cranu. JledeKThl 3aKaIK1 CTaIu
Bapuant 8
[ToBepxHOCTHAs 3aKajKa CTaJlu
Bapuant 9
XUMHKO-TepMudeckas 0opadotka cranu. llemenranus cramu
Bapwuant 10

XUMHUKO-TepMUYEcKas 00paboTka cTaiu

BOIIPOC 5
Bapuant 1
TexHuueckuii TUTaH U ero criaBbl. Tabm. 13
Bapuant 2

ANIOMUHUEBBIC CILIaBbl, UX MAPKUPOBKA, IPUMCHCHUC
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Bapunanrt 3
MenHble cIIaBbl, X MapKUPOBKA, IPUMEHECHHE

Bapunanr 4
KoHcTpyKIIMOHHBIE YTIAEPOJUCTHIE U JIETMPOBAHHBIE CTalM OOILIEro Ha3HAYECHMsS, MX
COCTaB, - MAPKUPOBKA, IPUMEHEHHE

Bapuanrt 5
NHcTpyMEHTaNIbHBIE CTaldW U TBEPJABIE CIUIABBI JJISI PEXylIero nHCTpyMeHTa. Cocras,
MapKHpOBKa, TPUMEHEHHE

Bapuant 6
NHCcTpyMEHTaNIbHBIE CTalM M TBEPJBIE CIUIABbI JJII W3MEPUTEIIBHOIO WHCTPYMEHTA,
HITAaMIIOBbIE CTaIH U cIuiaBbl. CocTaB, MapKUPOBKA, IPUMEHEHUE

Bapuant 7
AHTU(GPUKIMOHHBIE MaTepuaibl. MarHuTHble cTaid U ciiaBbl. CocTaB, MapKUPOBKa,
IPUMEHEHHE.

Bapuant 8
KapocToMKOCTh U KapOoNpOYHOCTh. KapOCTOMKHE U KAPOIMPOUYHBIE CTAIH U CILUIABBI.
CocraB, MapKUpOBKa, IPUMEHEHHE.

Bapuant 9
Koppo3uss craneir. Koppo3noHHO-CTOMKME HEpkKaBewue cranu. Jlerupyrommue
AJIEMEHTHI U MapKUPOBKA CTaJIH.

Bapuant 10

UyryHsl, UX COCTaB, MAPKUPOBKA, IPUMEHEHHE

BOIIPOC 6
Bapuant 1
[Imactnueckune maccol. @opma MOJIEKYJT MOJIUMEPOB
Bapuant 2
[Inactuueckue wmaccel. HMx arperatHesle  cocTosiHUS.  TepMONIACTUYHOCT U
TEPMOPEAKTHUBHOCTb.
Bapuant 3 '

IInacTuyeckue Macchl. TepMOMeXaHI/I‘-ICCKI/IC KPHUBBIC IJIsI TCPMOAKTHBHBIX ITIOJIMMCPOB.
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Bapuanrt 4

ITnactuyeckue Maccel. JleCTpyKLMs U CTapeHue IOJIUMEPOB
Bapuanrt 5

[Inactrueckue maccbl. CIIOUCTBIE apMUPOBAHHBIE TEPMOPEAKTUBHBIE TUIACTUKH
Bapuant 6

[Inactrueckue maccbl. KOMIO3MIIMOHHBIE MaTepralibl HA TOJIMMEPHOU OCHOBE
Bapuant 7

TepMornacTUUHbIE HEMOJSPHBIE MIACTMACCHI, MOJIUITUIIEH, TOJUCTUPOI, GTOpIOH-4
Bapuant 8

TepmormiacTUUHbBIE MOISPHBIE TUIACTMACCHI: TOJIMBUHUIXJIOPUI, TTOJTHAMUBI
BapuanTt 9

[TonumepHBbI€ K€U U CKIIEMBAaHUE
BapuanT 10

Pe3uHoBBIC MaTCpuralibl

BOIIPOC 7

HauepTute nuarpamMmy COCTOSIHUS CIUIaBOB Xkeje3a ¢ yriaepogoM. [lokaxure Ha
HEl CTPYKTYpPHI 10 BCEM €€ 30HaM, a TaKKe XapaKTepHbIC JUHUU (JIMKBUIYC, COJIUIYC,
A], Az, AcT)

CnpaBa oOT jJuarpaMMbl TIOCTPOHWTE CXEMAaTHYECKYI0 KpPHUBYIO MEIJICHHOTO
oxnaxaeHus ot 1600 mo 600 °C criaBa ¢ 3aJaHHBIM COJIEp>KaHUEM YTJIepo/a.

OnuimTe mpeBpalleHus, MPOUCXOSIINE B 3aJaHHOM CIUIaBe, U OXapaKTEepU3ynTe
CKOPOCTH €T0 OXJIAXKJACHHUS Ha KaXKJO0M y4acTKEe KpUBOM.

JlaliTe onpeiesicHre BCe 00Pa3yONTUMCS TI0 XOAY OXJIAKICHHS CTPYKTYpPaM.

CocraBbl 3aJJaHHBIX CIUTABOB yKa3aHbI B TabnuIle 2a cortacHo Bamemy BapuanTy
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Bamanne k Bonpocv 7 Tadnuiia 2a

Ne BapuaHTa Conepxanue Ne BapuaHTa Conepxxanue
yriepoja yriepona
1 6,9 6 2,5
2 5,5 7 1,7
3 4,3 8 1,2
4 3,5 9 0,8
3) 3,0 10 0,5
BOIIPOC 8

Vkaxure Ha3HA4YCHHUC, OIPCACIUTC TCMIICPATYPhI HAIpCBd, BPCMA IIPOIPCBA,

CKOPOCTD OXJIAKIACHUA U OXJIAKIAAOIMINUEC CPCABI IJIA:

a) OT)KHUra

0)  HOpMaNIHM3alUU

B)3aKaJKu

r) OTITyCKa JIETalu U3 yIIepOAUCTON CTalli, YKa3aHHOU B Tabiyuile 3a COrsiacHO

Bamemy BapuanTy 3ananus

3ananug k Bonnocv 8 Tabnwura 3a

['° Bapuanta [Mapka yrjiepoJucToi cTanu TonmmuHa neranu B MM
1 V13 20
2 Vi1l 60
3 Y10 40
4 Y9 20
3) V8 60
6 Y7 40
7 60 20
8 50 60
9 45 40
10 35 20

BOIIPOC 9

Pacummdpyiite Mapku M yKaXKUT€ Ha3HAYEHHWE KOHCTPYKIIMOHHBIX MAaTepUalioB,

MpUBEJICHHBIX B Tabnuie 4a, cornacHo Bailiemy BapuaHTy 3aaHus
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BOIIPOC 10

[TonOepute Mapku CIIaBOB U MAaTE€PHANIOB JIJISl U3TOTOBIICHHUS CIEAYIOMIMX JeTaneu

MallliH U MUHCTPYMEHTOB.

Bapmuanr 1

J1JIst I3TOTOBJICHHSI BBITSDKKOUW pauaTOPHBIX TPYOOK.
JIJIst XUupyprudeckoro HHCTPyMEHTA.

Jlnss  M3roToBJEHHUS  OOJIETYEHHBIX  METANIMYECKUX
00IIIECTBEHHBIX 3JaHUI

[Tpecc-popMBbl I TUTHS TIOJT JaBJICHUEM.

JIJIst KPBITITKKA BOAOIIPOBOIHOTO JTFOKA.

Jliist cranbHOM epMBbl MOCTa C MPUMEHEHHUEM CBapKH.

OKOHHBIX

pam

u

JIBEpEH

,HJ'I}I W3rOTOBJICHUS IIITaMIIOBKOM BKJ'IaI[BII_IIeﬁ IIOAIMINITHUKOB JABHUTAaTCJIA aBTOMOOMIJIS

3W1JI-130. [ns 3agHero poHaps 1erkoBOro aBTOMOOWIIS.

Bapuanrt 2

Jliist KmamaHa BEHTHIISA, paOOTaIOIEro B CTOYHBIX BOIAX.
JIyist ucka v TIOMaTOK aBUAITMOHHBIX Ta30BBIX TYPOUH.
Jlist me3Bust 6€30macHoO OPUTBHI.

Jlns pesanus cranei ¢ TBepaocteio 10 45 HCR.

JIns1 yacoBOM NPYKUHBI.

J1J1st BBICOKOTTPOYHOM apMaTyphl IS KEIe300€TOHHOW KOHCTPYKITHH.

JI71s1 3aTMBKY BKJIAJIBIIIEH MOIIUITHUKOB CKOJIBKEHUS (1151 3aMEHbI OPOH3HI).

JInst mpoKIJIaAKK, CTOMKOM BO BCEX arpeCCUBHBIX CpEelax.
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Bapuanr 3

J171s1 KOpIyCOB HApYYHBIX YaCcOB, U3TOTOBIISIEMBIX Ha METANIOPEIKYITUX aBTOMATaX.
JIns uznenuii ToMalHero oo0uxo/ia ¢ kieiimom "HepkaBeroras'.

J171s1 JIOH)KEPOHOB KphLJia CaMoJIeTa.

J11s1 HAMUJIBHUKOB.

Jl1st kopryca peaykropa Judra.
Jl71st ppluara ceabCKOX03sMCTBEHHON MaIlIUHbBI, U3TOTOBJIEHHOT'O XOJIOJTHOM IIITaMITOBKOM.
Pexxymuii  snemMeHT 11 4YEepHOBOM OOTOYKHM B TSDKENBIX YCIOBUSIX IO KOpPKE C
PaKOBUHAMHU NMPU HAJIMYUU MECKA U METAJTMICCKUX BKITIOUCHUM.

KoseHuaTslii Bajr ABUraTelIst JIECKOBOIO aBTOMOOWIIA.

Bapuanr 4

J1J1st 3arOTOBKU LIECTEPHHU JIJIs1 MOIIHOTO KpaHa, paboTaroleil mpyu BHICOKUX CKOPOCTHX,
Harpy3kax U Harpese.

J1J1st BBIMTYCKHOTO KJIallaHa aBTOMOOMIIBHOTO JIBUTATES.

OO6neryeHHbIN Ky30B BaroHa MeTpo.

JI1s1 miamiex U cBepil ¢ KpacHOCTOMKoCThiO 10 280 °C.

J171st peccopbl JIETKOBOT'O aBTOMOOMIIS.

J7ist IeMeHTyeMOi 1mecTepHu KOPOOKH repead aBTOMOOWIIS.

Pexymuii sneMeHT 1yl 4epHOBOM M YHCTOBOW 0OpabOTKH TpPymHOOOpadaThIBAEMBIX
CIUIABOB (AKApOMPOYHBIX U TUTAHOBBIX).

J71s1 00JIMIIOBKY M TpYOOIPOBO/IOB rajlbBAHUYECKUX BAaHH

Bapuanr 5

Jl71s1 mapoBoit apMaTyphbl AaBiaeHUEM 110 25 atMocdep.
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JIns aucka KpynmHOW Melanku, padoTatoiieit B cpeae hochopHOro ynoopeHusi.
AJTIOMUHUEBBIN CIUIAB JJI MOPIIHS, HarpeBatomerocs 10 250-350 °C.

JIJIst IIUHHBIX ¥ TOHKUX METYUKOB.

JIJ1st Ipy>KUHBI aMOPTH3aTOPa KEJIC3HOIOPOKHOTO BaroHa.

[IlaTyH aBTOMOOMJIBHOTO JIBUTATEJIS.

J11st 3aTMBKYA OTBETCTBEHHBIX MOAIIMITHIKOB CKOJIBKCHHS B ACKaIaTOPE METPO.

CrnoucTerit MaTepual il MCYAaTHBIX IJIAT, HCCOOTBECTCTBCHHBIX 3JICKTPOHHBIX HpI/I60pOB.

Bapuanr 6

J171s1 KOpPO3MOHHOCTOMKOTO IPeOHOr0 BUHTA.

Jlist TpyO maporneperpeBartenieil 1 apMaTyphl MapoBbIX KOTJIOB.

OTnuBKa JU1s1 JIETKOW KOHCTPYKIIHH.

J171s1 TpOIIIMBKY B MPOU3BOACTBE TPYyO, padoTaronux mpu 700 °C.

J11s1 0c000 OTBETCTBEHHBIX MPYKHH, paboTaromux rnpu Harpese 10 200 °C.

JIJist ynmpOo4YHsIeMOro a30THPOBaHUEM IIMHHIEIS OBICTPOXOAHOTO CTAHKA.
TBeprocIUIaBHBIM MHCTPYMEHT JUIsl IITAMIIOBKH, BBICAJKH, OOPE3KH YTIEPOIUCTHIX
CTaJIEH MpH

yIIapHBIX HArpy3Kax OOJbIIONH NHTEHCUBHOCTH.

ONacTUYHBIN U TUIACTUYHBIN MaTcpuall 4jisi HAHCCCHUA U30JLIIUKU Ha 3JICKTPOIIPOBO/I.

Bapuanr 7

JI711 M3roToBIEHNUST MOHET.
J17151 BBICOKOITPOUYHBIX KOPPO3UOHHOCTOMKUX KOPITYCOB PaKeT.
Jlist merkoit neranu (pyseBoro peluara Karepa), padoTaromiei BO BIaKHOU aTMocdepe.
Jlns1 cBepna ¢ kpacHOcToMKoCThIO 10 650 °C.
JI1s1 HeOOBIION MPYKUHBI IS IETCKOW UTPYIIKH.

J171s1 cBapHOM pambl 1IacCCH B aBTOMOOUJIE.
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Pexxymuii anemMeHT Ha cBepiie, pa3BepTke, ppese, 11t 00padOTKU CcTanu, YyryHa u
TPYAHOOOpabaThIBAEMbIX CIJIABOB
JIns ToOAIIMITHUKA CKOJIbXKEHUs, paboTaromero 0e3 cMa3Ku B CHUCTEME pPYJIEBOTO

yIpPaBJI€HUS. aBTOMOOMIIS

Bapuant 8

JIns BBICOKOIIPOYHOM KOPPO3MOHHOCTOMKOM M TOKOBEAYLIEH IPYKUHBI aBUALMOHHBIX

npubopos. s sxaponpounoro 10 650 °C 6onra.

Jliist kapTepa BOJA00XIIaXAaeMOT0 JIETKOTO (CIOPTUBHOIO) ABUTATEIIS.

JI7s1 KpyITHOTO MOJIOTOBOTO LITaMIIa.

J1ist 3aJHETO MOCTa aBTOMOOMJIS.

Jl1s1 pacipeIeIUTEeIbHOTO Bajia aBTOMOOWIIS € 3aKajKou Iieek u KynaukoB TBY.

J1Jist 3aTMBKYA KOPEHHBIX TOIIUITHUKOB CKOJIBKEHHUS KOJIEHBaJa (KOJIEHUATOro Baja) JJs
ABTOTPAKTOPHOTO JBUTaTE.

J111s1 ocHOBBI euaTHOM 11aThl OBM.

Bapuant 9

Jlns railku 3aKMMHOTO BHUHTA, pabOTaIOMIer0 B TSOKENBIX yCIOBHAX /[l jomaTtok
MapoBON TypOWHBI.

JIJist M3roTOBICHUS JUTHEM TIOJ JaBlieHHEM KapOroparopa aBTOMOOWIS J{isi KpymHOTO
OTBETCTBEHHOT'O BRIpYOHOTO mTamna J{Jjis maboTra KOBOYHOTO Mpecca.

JIJist KphIlii Ky30Ba JIESTKOBOTO aBTOMOOMJISI, M3TOTOBJICHHOM XOJOHON ITAaMIOBKOU C
TITyOOKOM.

BoITsKKOM.

JIns 3aJIMBKM MO JABJIIEHUEM MOJIIIUITHUKOB CKOJIBXEHUS B KEJIE3HOIOPOKHBIX BaroHax

JInst merkoi, IpOYHOU M )KECTKOM aHTEHHBI KOCMUYECKOW TEXHUKHU.
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Bapuant 10

IIpoBoioka aJist ra30BOM NAWKK METAJUIOB.

Jlst cBapHoTrO nucTta 6aka (0e3 TepMooOpaboTKH), YCTOMYHMBOIO B arpeCCUBHBIX Cpellax,
[IumeBbIX.

npoaykTax u gomyckarouiero Harpes 10 500-600 C Jlyist cTaHUHBI HACTOJIBHOM IIBEHHOM
MaIITHBI

J1J1si HAKOHEYHHKa MTHEBMO3yOuIIa.

UyryH U1l TOPITHEBBIX KOJICI] aBTOMOOMIBHBIX JBUTATEIICH.

J171s1 U3rOTOBJICHUSI HA TOKAPHOM aBTOMATE KPETEKHBIX DJIEMEHTOB (BUHTOB).

Pexxymiunii aemMeHT Ha pe3el] 1711 YUCTOBOM 00pabOTKH OTOEJIEHHOTO YyTyHa, 3aKaJIeHHOU
CTaJIu,

CTEKJIa, BBI3BIBAIONINX a0pa3uBHBIA U3HOC HHCTPYMEHTA.

JIist  M3rOTOBJEHUS METOJOM KOHTAaKTHOrO (OpMOBaHHUs KopIyca CIHOPTHUBHOTO

aBTOMOOWITSL.

NEPEYEHDb JIABOPATOPHBIX 3AHSATHI

JlabopaTopHnasi padora Nel

Tema :«UcnbiTaHKe HA TBEPAOCTH MO0 bpuHe110

Hean padoTsl

OOG6yueHue :
— 3y4YEHUE CXEMbl UCIIBITAaHUSI METAJIOB (CIJIABOB) HA TBEPIOCTH 10 bpunenio ;
— U3YyYEHHUE YCTPOMCTBAa aBTOMATUYECKOI'O PhIYaXKHOTO Tpecca;
— O03HAaKOMJICHHE C METOJAMKON OMpeIesICHHs] TBEPAOCTH METAJUIOB (CILIABOB) MO

bpunemnnto.

BocnourarenpHad :
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— BOCIHUTaHUE Y CTYACHTOB 3HAYUMOCTHU NPO(HECCHOHATBHBIX MPAKTUYECKUX
HaBBIKOB ;

— BOCHHUTAaHHE MOJIOKUTEIHHOTO K MPOIIecCy MpUoOpEeTeHNs 3HAHNY ;

— BOCHHUTAaHHE TUCIUILUTHHUPOBAHHOCTH .
PazButue :

— yMeHue yuyeOHOro Tpyaa

3axanue

1.MByunTh cXeMy WUCHBITAaHUS METAIOB (CIUIAaBOB) HAa TBEPAOCTh IO
bpunemtto.

2./3y4uTh yCTPOUCTBO aBTOMAaTUYECKOTO PBIYAXKHOTO Ipecca.

3.M3yunTh METOOUKY OIpEAETEHNUs TBEPAOCTH METAIOB (CIJIAaBOB) IO
bpunemtto.

4.CocTaBUTH OTYET.
MarepuajiibHoe obecriedyeHue
1 ABTomaTuueckuit peluakHbIi nipecc tuna bpunemns TII-2
2 OOpa3sIbl IS UCTIBITAHUS .
3 Jlyna aJist u”3BMepeHus AuaMeTpa OTIeYaTKa .

4 HanuinpHUK , UG OBAIBHBINA CTAHOK , NUIHM(OBaIbHAs Oymara.

KpaTkue TeopeTH4eckne cBeieHUsA

Cxema uCHIBITAHMS U BeJIMYMHA TBepAocTH o bpunesio
HcnbiTanne Ha TBEpAOCTh MO BpUHEIIO MNPOU3BOAUTCS BIABIWBAHUEM B
HCIIBITYEMBbII 00pa3ell CTAJIbHOIO 3aKaJlEHHOIO IIapHKa OIMPEEICHHOTO JHaMeTpa

10 I[GﬁCTBHGM BaHaHHOﬁ HAarpy3kKu B TCHCHHUHN HCKOTOPOI'O BPCMCHHM.

Cxema ucnbITaHuA 1aHa HA PUCYHKE | .
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Pucynok 1 Cxema ucnbITaHus Ha TBEPAOCTH M0 criocody bpunens

B pesynbrare BHaBiMBaHUS IIapMKa Ha MOBEPXHOCTH OOpas3la MoJydaeTcs

orneuaTok (JiyHka) . HYucimo tBepaocTH mo bpunemiio , 0603HauaeMoe
P 2
HB=; Mrma , kr / mm* /

I'ne P —narpyska, H;
F — momaas oTreyarka , MM2

[Imomans F mapoBoro cermenra
F=IID - h,

I'ne D — quameTtp BOaBiIMBaeMOro mapuka , Mm ;

h — rmyOuHa oTmeyaTrka ,MM .

Tak xak TmyOuHy oTmeyaTka h U3MEpUTh TPYJIHO ,a TOPa3a0 MPOIIE U3MEPUTH
auameTp otnedarka d , To memecooOpasHo h BeIpasuTh yepe3 nuamerp mapuka D u

orrneyvarka d :

h=(D- V(D?*~d?) /2

Torga F=IID - (D - V(D?—d?) /2 , a uncino TBepuocty o bpunemo Gyuer
XapakTepu3npoBathes popmynoii HB= 2P/IID(D- V(D?—d?) .
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6.2 Bb16op nuameTpa mapuka u Harpy3ka .

[Mapuku paznuudoro nuametpa (D= 10;5 w 2.5 MM) OpUMEHSIOT B
3aBUCHUMOCTHU OT TOJIIIUHBI UCTIBITYEMOTO MaTepuaia ( 5, c. 50)

Harpy3sky P BbIOMpaloT B 3aBUCUMOCTH OT KayeCTBa MCHBITYEMOr0 MaTrepuaia
o dhopmyie :

P=K-D?,

I'ne P -mHarpyska, H;
D - anameTtp mapuka , MM ;
K- nocrosinHas qy1s1 JanHOrO MaTtepuana BennunHa ,pasHas 300;100

Hanpumep npu Tonmuae ucnsiryemoro obpasna 10 Mm u3 yepHoro meraiia
K=100, nuametp mapuka D= 10 MM ,Harpy3ka

P=100 -D? =100 -10?= 10 000 H.

IIpudop s ucnbITAHUSA HA TBEPAOCTH 0 bpunesu0

Haubonee pacnpocTpaHeHHBIM MPUOOPOM ISl UCHBITAHUS HA TBEPIOCTH IO
Bpunemtio siBiseTCs aBTOMAaTUUECKHUIM PhIYXKHBIN TTpecc (PUCYHOK 2).
B 3aBucuMocTH OT Tpy30B , YCTAaHOBJICHHBIX Ha TIOJIBECKE ,CO3/1AETCA

paznuyHas Harpyska ( 5, c. 50) .

Pucynok 2 - Cxema aBTOMaTHYECKOr0 PHIYAXKHOTO MpEcca Ui ONpPeAesICHUs

TBEPAOCTH :
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1-ctanunHa ; 2-3KCHEHTPUK ; 3-BUHT ; 4-CTOJIUK ; 5-UCHBITyeMbId oOpasen ; 6-
HAKOHEYHMK C IIAPUKOM ; 7-IINMHUHAENb ; 8-mpyxkuHa ;9-maryH ; 10-peryar ; 11-
noaBecka ; 12-rpy3bl ; 13-smektpoaBuratens ; 14- ykazarenb (KOHTPOJIbHAA

JamImouka) ; 15-pykosiTka .

IloaroroBka mpecca u NpoBeJAeHNe UCTIBITAHUI

1. YcranoBuTh Ha nojiBecKy 14 rpy3sl 15 , COOTBETCTBYIOIIKME BHIOPAHHOM ISt
VCIIBITAHUYM HArpy3Ke .

2. HakoHe4YHUK ¢ 1IapuKaMy BCTaBUTH B IIMUHACTH 2 U YKPETIUTH .

3. Ha ctonuk 4 moctaBuTh UCTIBITYeMBbIN o0Opazer 5. OOpasel 10KeH II0THO
nexarb Ha ctoiuke . LleHTp oTmeyaTka JOHKEH HAXOOUThCA OT Kpas oOpasia Ha
PacCTOSIHUM HE MEHEE TUaMeTpa LIapuKa .

4. BpamjaeM MaxoOBHK MOJbEMA IIMUHAENS 7 MO YaCOBOM CTPEJIKE MOJHUMEM
CTONUK 4 U mpKUMaeM oOpasel] 5 K mapuky 3 ,IpoJoJIKaeM BpallaTh MaXOBHUK /10
ymopa .

5. HaxxrmaeM KHOMKM MycKa BKIIFOYAEM 3JIEKTPOABUTATEND .

6. Korga peryar ¢ rpy3amMu JIOCTHTaeT HMCXOJHOTO TOJIOKEHHUS , OIYCTUTh

CTOJIUK 4 M CHATh C HETO 00pa3ell 5 ¢ MOJTyYEeHHBIM OTIEYATKOM .

MeTtoauka H3MEpPEHUA OTHnedYaTKa M OIpeaecjJicHHue TBEPAOCTH 110

bpuHnesiio

N3mepenuss oTnedaTka OCYIIECTBISIETCS C MOMOIIBIO JYIbl , HA OKYJSP
KOTOPOU HaHeCeHa U3MepUTEIbHasl 1IKajaa ¢ ToUHOCTho 10 0.05 mm (5,¢.52...53).

Bennumna TtBepmoctn mno bpunemnro HB ompenensercs Ha npaktuke c
ucrnoiab3oBaHueM tadnuusl (5,c.172) . Tak , Hanpumep , Tpu AUaMeTpe oTnevaTka d=
4.00 MM ,Harpyske P= 300 D? ,rae D — guameTp mapuka ,MM, TBepaocTs HB=2290
H.
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IHopsinok BeINOIHEHUS PadOTHI

1 M3yuutb cXeMy HCHOBITAHUS METAJUIOB (CIUIABOB) Ha TBEPAOCTh IO
Bpunenmnto,pacuernsie GOpMyIIbI .

2 O3HaKOMHUTCA € MPUOOPOM JIJIsl UCTIBITAHMS Ha TBEPAOCTh 0 bpuHeso .

3 mpou3BecTH MOATrOTOBKY 00pa3ua .

4 TlpousBecTH MOATOTOBKY MpHOOpa JIJIsl UCMIBITAHUS HA TBEPJOCTh K padoTe .

5 [IpoBecTH ucnbITaHUS , ONPEAEIUTHh TBEPIOCTh OOpa3La .

6 HOJ’Iy‘IeHHBIe HAaHHbIC 3aHCCTU B IMTPOTOKOJ HUCIBLITAHUM .

Ne | Marepuan; | Ycnosus Junamerp oneudarka | TBeprocts HB

TOJIIIII/IHa HUCIIBITAHUA | , MM

obpasna,MMm | (TuameTp OTIEeYaToK OTIICYaTOK cpeaHee
lapuka 1 | 2- | 3-i |1t | 2- | 3-i
,MM)

1 ]2 3 4 5 6 7 8 9 10

Bonpocsl qiis1 caMmonpoBepKku

1 Yrto Takoe TBEpAOCTH ?

2 KakuMmu crmocoOHOCTSIMU ONPEAEIISIETCSE TBEPAOCTD 7

3 Kak npoBoauTcs UcnbITaHUE Ha TBEPAOCTH MO bpuHemnito?

4 Ot 4ero 3aBUCUT IUAMETP IIAPUKA M BEJIWYMHA HATPY3KW MPHU HCHBITAHUU

Metonom bpunenis ?
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Pexomenayemas Jiureparypa

1 Anmackun A.M ,3yeB B.M. MarepuanoBeieHUE U TEXHOJIOTUS MAaTEPUAIIOB .-
M.:1NJ] «DOPYM-UHD®PA-M»,2015.

2 OpumnaukoB B.B. Metamnoseaenbe —M.:.NJ| «DOPYM — NHOPA-M» ,
2015.

3 JlaxTun IO.M |, JleonteeBa B.II. Marepuanosenenbe. — M.:
MammHoctpoenue, 1990.

4  Kyspmun B.A. wu.jap. TexHonorus MeETaAJIOB M KOHCTPYKIIMOHHBIE
marepuainsl —M.: MammHoctpoenue ,1981.

5 Camoxoukuit A.M ,Kynssckuit M.H. JlaGoparopubie pabOoThl 10

MCTAJUIOBCACHBO W TCPMUYCCKHUC O6pa6OTKI/I MCTAJIJIOB .-M.:MaIIII/IHOCTpOCHI/IC,

1981.

JlabopaTopHas pab6ora Ne2 «McnbiTanue Ha TBEPAOCTH MO PokBesLTy»
eab padoThI
OO6yueHnue :

— H3y4YCHHE CXEMBbI HCTIHITAHUS METAJIOB (CIIJIaBOB) Ha TBEPOCTh Mo PokBemy;
— O03HaKOMJICHHE C ycTporcTBOM npudopa tuna Poksemra TK-2
— O3HAKOMJICHHE C METOAMKOM ONpeeeHHs TBEPJOCTH METAIJIOB (CILJIaBOB) TIO
Poxsenny .
Bocnurarenshnas :

— BOCIHTaHHE Y CTYJACHTOB 3HAYMMOCTH MPO(PECCHOHATBHBIX MPAKTHYSCKUX
HaBBIKOB |
— BOCIHTaHHE MMOJOKHUTEIBHOTO K MPOIIeCcCY MPUOOPETCHUS 3HAHUH ;
— BOCIHWTaHUE JUCUUTUTMHUPOBAHHOCTH .
PaszButne :

— yMeHue y4eOHOro Tpyaa

3ananue

1. U3yuuth cxeMy UCTIBITAHUS METAJIOB (CIUIABOB) HA TBEPAOCTH MO
Poxkgenny.

2. O3HaKOMUTHCS C ycTpoiicTBoM mpudopa TK-2.
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3. U3yuuTh METOIMKY ONpeiesIeHUs] TBEPAOCTU METAIOB (CILUIABOB) 1O
Poxsenny.

4 .CoCTaBUTH OTUET.

MartepuajbHoe o0ecnevyeHmne
1 ABTOMaTuueckuil peiyaxkubiil npecc tuna bpunemnsa TIL-2
2 O6pa31ibl AJ1s1 UCTIBITAHUS .
3 Jlyna aJist u”3BMEpeHus AuaMeTpa OTIEeYaTKa .

4 HanunpHUK ,IUTM¢OBATBHBIN CTAaHOK , TG OBabHAs OyMmara.

KpaTtkue TeopeTnueckne cBeeHUA

TBEepIOCTHIO HA3BIBAETCA CBOMCTBO MMOBEPXHOCTHOI'O CJIOA MaTepuasa
COMPOTHUBIIITLCSA Je(POPMUPOBAHUIO WM PA3PYIICHHUIO NMPU MECTHOM KOHTAKTHOM
BO3JICCTBUM CO CTOPOHBI 0OoJiee TBEPJOTro, HE TOJYYaroIIero OCTaTOYHOU
nedopMmanuu Tena (MHISHTOpa) oNpeeeHHONH (GOPMBI U pa3MepOB.

JIsi MHOTHX CIUIABOB YCTaHOBJICHA YETKAs 3aBUCUMOCTh MEXKY TBEPAOCTHIO,
MEXaHMYECKUMHU ,OKCIUTYaTallMOHHBIMU M TEXHOJIOTUUYECKUMHU XapaKTEPUCTUKAMU .
[ToaToMy M3MepeHHe TBEPAOCTU SBISIETCS HaubOoJee pacrnpoCTpaHEHHBIM METOJIOM
MEXaHUYECKUX ucObiTaHuK . K ocTalbHBIM MeETOJaM HWCIBITAHUKA Ha TBEPIAOCTH

OTHOCSTCA TPU CTaHAAPTHBIX MeTona : bpunems , PokBemna u Bukkepca.

CymHOCTh, cXeMa HCOBbITAHHUS ,pacueTHbie (opMyJbl ,onpeaeseHHe

TBepaocTH no Poksesny .

Ucnbitanne Ha TBEepAoCcTh 1Mo PokBennay mNpou3BOAST BAABIMBAHHEM B
UCTIBITYEMBIN 00pasery amMa3Horo kKonyca ¢ yriaom 120° mpu BepmmHE WIH
CTaJbHOIO 3aKaJeHHOro mapuka auamerpom 1,588 mm . Illapuk u KOHyC
BJIaBJIMBAIOT B HCIBITYEMbI 0Opaszell Mmoj JeWCTBHEM JBYX IIOCIIEIOBATEIIHHO
MpujiaraeMbiX Harpy3ok — npeaaputenbHoil PO u ocHoBHo#t P1 . OOmas Harpyska

OyJer paBHa cyMMe npeaBapuTesnbHoil PO Harpy30k 1 OCHOBHOM
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P1;P=P0+ PI (pucynoxk 1)

PI/ICYHOK 1- cxema UCIIBITAHUM Ha TBCPAOCTb BAABIIMBAHHUCM aJIMA3HOT'O KOHYCa (Ha

npubdope Pokseia)

[IpenBaputenbHas Harpy3ka Py Bo Bcex ciyyasx pasHa 100 H, ocHoBHas P4
u obmias P Harpy3ku mpu BIaBIWBAHUU CTaJbHOTO Iapuka (mkana B) cocrapmstor
P;=900H, P=100+900=1000H, a npu BaaBauBaHUHU aiMma3Horo kouyca (mkana C)
P,=1400H, P= 100+1400=1500H, npu BaaBivBaHUHU aIMa3HOr0 KOoHyca (IIkayia A)
P,=500H, P=100+500=600H.

Uucno tBepmocty mno PokBeimny BenWuMHA OTBJICUEHHAs W BBIPAXKAeTCs B
YCJIOBHBIX €IUHHUIIAX.

3a eOuHUIy TBEPAOCTU MPHUHATA BEIMYMHA, COOTBETCTBYIOUIAS OCEBOMY
nepemenieHno HakoHeunrka Ha 0,002mm.

Yucno tBepmoctu mo Poxeemny HR ompepensercs mo dopmynam mpu
m3mepenuu no mwkaie B HRB=130-e, npu usmepenuu no mkane Cu A HRC=100-e,
HRA-e.

Benmnunna e onpenensercs no cieayrooiiei hopmyire:

rjae h- riiyOnHa HakOHEYHUKA B UCIIBITYEMbIM MaTepHal moj JeMCTBUEM HArpy3Ku
P, n3amepennas nocie CHATUS OCHOBHOM Harpy3ku P, ¢ octaBieHnem

npeaBapuTeIbHON Harpy3ku P, hy - TiryOuHa BHeIpEeHWs HAKOHCYHUKA B
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HCIIBITYEMBIN MaTepuai o IEUCTBUEM IIPEIBAPUTEIILHON HArpy3Kku P.

B 3aBucumocTH OT TOro, NPUMEHSIOT IIAPUK WM AJIMA3HBIA KOHYC, U OT
Harpy3Kku, Ipyu KOTOPOH MPOBOAAT UX UCIbITaHUE(T.€. 1O Kakoi mkane: B, C umu A),
gucio tBepaoctu o6o3nayaror HRB, HRC, HRA.

Benuuuna TBepIOCTM 4YWTaeTcs MO IIKajde mnpubopa, NpU HUCIBITAHUU

aJIMa3HbIM KOHYCOM — I10 YEPHOMU ILIKaJ€, P UCIBITAHUY IIAPUKOM — IO KPACHOM.

Bp100p HArPY3KH M HAKOHEYHH KA

Harpy3ky W HakoHEYHUK BBIOMPAIOT B 3aBUCUMOCTH OT TBEPAOCTH
ucrneityemoro obpasma (5, c¢.59). Hanpumep, npu usmepenun tBepaoctu HRC,
Harpy3ka 1500H, npenensr m3mepenuit 20...67 enunun. Ha mpakTuke cTalbHBIC
3aKajieHHble OOpasIilbl HCIBITHIBAIOT alIMa3HBIM KOHYCOM, CEpble — CTaJbHBIM

3dKaJICHHBIM HIapHUKOM.

IoaroroBka mnpudopa tuna PokBess1a, npoBeleHHe MCHOBITAHUS W
onpejeieHNe TBEPAOCTH

1. YcranoBuTh HEOOXOIUMYIO HATPY3KY (cxema mpubopa 5, ¢.56).

2. YCTaHOBHTH HCTBITBHIBAEMBIN 00Opa3elr 6 Ha ctos 7 mpudopa.

3. Bpamienuem MaxoBuka § Mo 4acoOBO CTpEIKE CTOJI OCTOPOXKHO MOJTHUMATH,
MIPU ATOM CTpPEJIKa WHIUKATOPA JOJKHA CTAaTh MPOTUB KPACHOM TOUYKH, a OOJbIIas, C
MOTPENTHOCTHIO + 5 JIeNeHN, Ha HYJb KAl HHANKATOPA, €CIU OOJbIIasi CTpeiKa
OyZeT OTKJIOHEHa Ooible, yeM + 5 MeleHHil OTHOCHUTEIHHO HYJIEBOTO IITpHUXa
IIKaJIbl, HEOOXOIMMO BpAaIllEHHMEM MaxXOBHKa 8 MPOTHUB YACOBOM CTPEJIKU OMYCTUTH
CTOJI (CHATH MpPEABAPUTEIBbHYIO HArpy3Ky) U HCIbITAHUE MPOBECTH BHOBb B JIPYTOM
MecTe oopasiia.

4. Bpamenuem Oapabana 9 yctaHOBUTH Hynb miKanabl C (4epHOro IBETA)
MPOTHUB KOHIIA OOIBIION CTPEIKU UHANKATOPA.

5. [InaBHBIM HaxaTWeM pyKW Ha kiaBuily 10 BKIIOYMTH NPUBOJ MEXaHU3Ma

HarpyeHHUs.
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6. Ilocine okoHYaHWs IUKIA HATPYXKEHHUS TMPOM3BECTH OTYET MO MIKaie
uHaAnKatopa. [lodydeHHBIN pe3ynbTaT TBEPAOCTH 3amucaTh B rpady 4 mpoTokoia
WCTIBITAHUSL.

7. Bpamenne MaxoBHKa 8 MPOTHB YAaCOBOW CTPENKH OMYCTUTH CTON (CHSTH
MpeIBapUTEIbHYI0 Harpys3Ky), oOpasell MepeIBUHYTh U TOBTOPHUTH HCIIBITAHHUE B
apyroM mecte obOpasna. Ha kaxmoM o0Opaslie MOKHO OBITh MPOBENCHO HE MEHEee
TpeX WCIBITaHUW. PaccTosHMe IEeHTpa oTmeyaTka OT Kpas oOpasla WM OT IEHTpa
APYroro JIOJDKHO OBITh HE MeHee 3 MM. Pe3ynbTaThl MOCIHEAYIOUINX HCIBITAHUHN
TBEpAOCTH 3amucaTh B rpady 5 u 6 mpoToKoja UCIBITAHUSA, a CpeiHee — B rpady 7.

8. Uwmcna tBepmoctu 1o PokBemTy TEpeHeCTH B YWCIA TBEPJOCTH IO

Bpunemnnio u 3anucath B rpady 8 mpoTOKOJa UCTIBITAHMS.

Iopsinok BeINOTHEHUsI padOTHI

1. VByuuTh cXeMy WUCHBITAHUS METAUIOB (CIUIABOB) Ha TBEPAOCTh II0
Poxsemiy, pacuerHbie hopmyItbL.

2. O3HakoMuThCS ¢ pubopoM tuma Poksemia TK-2.

3. TlpousBecTu MOATOTOBKY OOpasIia.

4. TlogroroButh mpuboOp THIa PokBesia, MpoBeCTH UCTBITAHUE, OTMPEICIIUTh
TBEPJOCTH 00pasIa.

5. [omy4ennsple JaHHBIC 3aHECTH B TIPOTOKOJ UCTIHITAHUH.

HpOI’I’lOKO]Z ucnvlmaHus Ha meep()ocmb

Ne | Marepua | llIkan | Teepgocte HR TBepaoct
n/ |1 a [lepBoe Bropoe Tpetbe cpenHe | b o
n | oOpasma U3MEPEHU | UBMEPEHU | U3MEPEHU | € bpunenn
e e e 10
(mepeBon)
1 |2 3 4 5 6 7 8
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Bonpocsl 1iis1 camonpoBepku

1. Yo Takoe TBepaocTh MetamuioB? Kakum cnocodboM oHa onpezensiercs?

2. Kak npoBoauTcs UCTIBITAHUE Ha TBEPAOCTh O PokBemny?

3. B kakom ciyuyae ucnosiab3yeTcs aliMa3Hblid KOHYC, a KOorjia CTaabHON
3aKaJICHHBIN MIapuK?

4 . Jlns Kakux METauIoB (CIUIaBOB) MPUMEHSIIOT UCTIBITAHUS HA TBEPAOCTH IO
Poksemny?

5. CpaBHUTH crIOCOOBI U3MEpeHus TBepaocTH 1o bpunennto u Poksemty.

Conep:xkanme oTuera
OT4eT noJIKEH CONIePKATh:
- KpaTKOE OMHUCAHUE CYITHOCTH, CXEMbI UCTIBITAHUS, PACUETHBIC (POPMYIIBI;
- MPOTOKOJI UCTIBITAHUS HAa TBEPJIOCTb;

- BBIBO/JIbI.

Pexomenayemasi aureparypa

1. Anackun  AM., 3yeB B.M. MarepuanoBeneHue W TEXHOJOTHUS
MetaiioB.-M.: 1. [[. «DPOPYM» NMHOPA-M,2017.

2. Kyspmun B.A. u gp. Texnonorus MeTamioB M KOHCTPYKIIMOHHBIC
Marepuaibl.- M.: MamHoctpoenue, 1981.

3. JlaxTrn I0O.M., JleonThEBA B.IL MarepuanoBenenue.-M.:
Mamunoctpoenue, 1990.

4. OpunnHukoB B.B. Metamiosenenue.-M.:1J[ «DPOPYM» HMNH®DPA-
M,2015.

d. Camoxonukuit A.W., Kynmssckuit M.H. JlaGopatopubie pabGoThel 10
METAJIOBEAECHUIO 151 TEPMHUYECKOU o0paboTke METAJUIOB.-M.:

Mammunoctpoenue, 1981.
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JlabopaTopHas padora Ne4d «Mukpoanaau3 crajieii u 0ebIX YYyI'yHOB B
PABHOBECHOM COCTOSTHMU»
eab padoThI
OO0yueHus:

- U3y4YeHHE MHKpOAHaIu3a CTald U OeNIbIX YYTyHOB C PAa3JIMYHbIM
COJIEp’KaHHUEM YTIIEPOIa

- YCTAHOBJIEHUE CBSI3M MEXAY CTPYKTypamMH M JAHarpaMMOW COCTOSHUS
«GKEJIE30-1IEMEHTUT»
Bocrniuranus :

- BOCIIMTAaHUE Yy  CTYJIEHTOB  3HAYMMOCTH  NpOodhecCHOHATBHBIX
NPaKTUYECKUX HABBIKOB ;

- YyBCTBO OTBETCTBEHHOCTH 3a KaU€CTBO BBIMIOJIHAEMON PabOTHI .
PazBurtus :

— YMCHUA pa60TaTL B KOJIJIEKTUBE HUCIIOJTHUTEIICH.

3aganue

1 M3yuuth MUKPOCTPYKTYPY YIJIEPOJIUCTBIX CTalled U OeJbIX YYTr'yHOB C
Pa3JIMYHBIM COAEP)KAHUEM yTIIepoaa

2 3apucoBaTrh UCCIEIOBAHHBIE MUKPOCTPYKTYPBI U CXEMBI MUKPOCTPYKTYP

3 YCTaHOBUTH CBSI3b MEKIY CTPYKTYpPaMH U TUAarpaMMON COCTOSIHUS <«GKEIe30-
LEMEHTHUT

4 OdopMHTD OTHET.

MarepuanbHoe o0ecneueHue

1 Metamnorpaguyeckuii MUKpOCKOM

2 HabGop mukponumdoB TEXHUUYECKOTO JKelie3a , YIJIEPOAMCTBIX CTaJed |
OeIbIX YyTryHOB ( C Pa3jIMYHBIM COJIEPKAHUEM yTieposa )

3 JlmarpamMma COCTOSHUS K€JI€30 — IEMEHTUT
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KpaTkue TeopeTnueckue cBegeHust

MUKpOCTpYKTypa TEXHUYECKOTO JKejle3a M YIVIEPOAMCTBIX CTajed Jisd

PAaBHOBECHBIX YCJIIOBUU XapaKTEpPU3YeTCsA HWKHEW JI€BOM 4YacTbl0 JuarpaMMbl

COCTOSIHUSA Kene30—IEeMEeHTUT (pucyHok 1.1)

Cmuassl ¢ conepxkanueM 10 0.02% C Ha3pIBalOTCSI TEXHUYECKUM KEJIE30M , OT

0.02 mo 0.3 % C — po’BrekTOMAHBIMU cTtangmMu U oT 0.8 mo 2.14 % C —

sBTeKTOUIHbIMU. CrmaB ¢ coxaepxkanueMm 0.8 % C Ha3bIBaeTCSd 3BTEKTOUIHOMU

CTaJIbIO.

Puc.1- HwxHss neBas 4acTh AuarpaMMbl COCTOAHUA KEJIIC30 — HCMCHTUT

B Genbix uyrynax (puc.2) BeCh yriaepo]i HaXOJUTCS B CBI3aHHOM COCTOSTHUH ,
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PacTtBopumocts yriiepoga B L - xkesiese nmepemennasi (cm.umnHuio PO Ha
puc.l) C noHmwxeHueM TeMiiepaTypbl pacTBOpUMOCTh B L-xeneze nonmxkaercs .Ilpu
7277C B L-xenese pacteopsiercsa 0.02 % C , a npu komHatHON TemnepaTtype 0.006%
C . B cBa3u ¢ 3TuM cruiaBsl xkenesa ¢ cogep:xkanrem 10 0.006 % C nMeroT CTpykTypy
TOJILKO TBEPAOro pacTBopa yriepoaa B L — xenese , 1. ¢eppura , (cM. puc.3 ) B
cruiaBax ¢ cogepxkanueM oT 0.006 mo 0.02 % C B ¢ MOHMKEHHEM pPAacCTBOPUMOCTH
yriaepoaa B L — jxene3e mpHU MOHMKEHUM TeMIeparypbl U3 (deppuTa BblAENIseTCA
LEMEHTUT ,Ha3bIBAEMBbIM TPETHUUHBIM . TpPETUYHBIA LEMEHTUT BBIJIEISETCA IO

rpa"uiam 3epeH depputa ( puc.4)a

Puc.3- Texaudeckoe xene3o — Geppur:

a) MUKPOCTPYKTYypa , 0) cxeMa MUKPOCTPYKTYPHI .

Puc.4- Cranb ¢ 0.015 % C — @epput + 1eMeHTUT (TPETUYHBIH ):

a) MUKPOCTPYKTypa , 0) cxeMa MUKPOCTPYKTYPHI.
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MHuKpOCTPYKTYpa [103BTEKTOMIHOM U IBTEKTOMIHOM CTaJIU.
MuxkpocTpykrypa nossrekrougHoil ctamu (o 0.8 % C )cocrout u3 deppura u
nepauTta, 3BTekrouiHon ctanu (0.8 % C ) — u3 oaHoro nepiauta . MUKpOCTPYKTypa
dbepputa nana Ha puc.3. Ha puc.5 nana mukpocTtpykrypa nepauta . [lpenutr — sto
ABTEKTOMJ-MEXaHUUECKass CcMech (eppuTra M I[EeMEHTHTa ,[oJydarolascs B

pesynbTate pacnaga aycrtenuta ¢ 0.8 % C.

Puc.5- OBTexTonanas ctans ¢ 0.8 % C-nepaut:

a) MUKPOCTPYKTYpa , 0) cxema MUKPOCTPYKTYPHI .

Ha wmukpoctpykrype mnepiaura oOmmii ¢oH — Qeppur , BBICTYIAIOIIUE
TUTACTUHBI — IIEMEHTUT ,TEMHBIC MECTa — TCHU .
B nosBTEeKTOMAHON CTamu TOCie TpaBieHHS (DEppPHUT BBISABISICTCS B BHIE

CBETJIBIX TIOJIEH , a IEPJIUT — B BUJIE TIOJICH MTOJI0CYATOrO CTpOeHUs (pUC.6 ) .

Puc.6. Jloarektonanas ctaib ¢ 0.3% C -pepput + nepaur :

a) MUKPOCTPYKTYpa , 0) cxema MUKPOCTPYKTYpbI
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Coaep:xkanue yriepoaa B J103BTeKTOMAHOM CTAJIU 10 MUKPOCTPYKTYpe .

[lo MHKpOCTPYKType MAOIBTEKTOUJHON CTalld MOXXHO HNPHUOIUZUTEIBHO
ONIPENEIUTh COJEPKAaHUE B HEH yriaepoAa, AJsS 4YEro HYKHO OPHUEHTHUPOBOYHO
ONpEENNTh MIONIaAb (B MPOLIEHTAX), 3aHUMAEMYI0 (DEpPUTOM U MEPIUTOM. B cBs3u
C T€M, YTO B (PeppUTE PACTBOPEHO OYEHb HE3HAUUTENIBHOE KOJUYECTBO YIJIEPOJA,
MPAKTUYECKH MOXHO CUUTaTh, YTO B JIOIBTEKTOMIAHOM CTald BECh YIJIEPOJ

HaxonuTcs B mepaute. Torma coaepxaHue yriepoja B CTaad MOKHO OMPECIUTH T10
dbopmyre:
0,8

C=F,- %
rae

F, - momane, 3aaumMaeMasi nepuTomM %o.

[Ipenmnonoxum, HanpuMmep, 4To noxoBuHa wiomaan (30 %) 3aHsATo NEPIAUTOM,

nosioBuHa epputoM. Coaeprkanue yriepoia B TaKoi ctaiu OyAeT paBHO
70 0.8
C=——

— 0
100 0.56 %

MuKpOCTPYKTYpPA 32a3BTEKTOU/IHOMN CTAJIHU.

MukpocTtpykrypa 3a3Brektouinon cranu (C = 0,8 - 2,14 %) umeet CTpyKTypy,
COCTOSIIYI0 U3 TEepJIUTa W LEMEHTUTa BTOPUYHOIO. BTOpPUYHBIA IIEMEHTHUT
BBIJICJISICTCA U3 ayCTEHUTA MPU OXJAXKIACHUU OT Temreparypbl A (iunust SE) mo
temrneparypsl Ay (iuaus SK) (cMm.puc. 1)

[Ipu MenneHHOM OXJaXKIEHUM LIEMEHTUT BTOPUYHBIN BBIJEISETCA B BUIE
CETKH IO TpaHullaM 3epeH aycTeHuTa. [Ipu noctuxenuu temneparypsl Arp ayCTEHUT
npeBpanjaeTcs B nepiaut. B pesynbrare MEAJICHHOTO OXJIAXKJICHUS 3a3BTEKTOMHAS
CTajlb UMEET CTPYKTYpYy NEpJIMTa U CETKU LEMEHTHUTa, Oenasi CeTKa - BTOPUYHBIM

LIEMEHTHUT, @ BHYTPH CETKU 3€pHA IUIACTUHYATOTO CTPOCHUS - NepauT (puc. 7.)
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Puc.7- 3assrektonnnas ctaib ¢ 1,2 % C- nepaut + uementut (11 ):

a) MUKPOCTPYKTYypa , 0) cxema MUKpPOCTPYKTYPBI.
MHUKpPOCTPYKTYpPa 3BTeKTHYECKOIr0 0eJIoro 4yryHa

MUKpPOCTPYKTYpa IBTEKTHYECKOTO OEJIOTO YyryHa COCTOUT TOJBKO U3 OJHOTO
nenedypura (LIEMEHTUTHOM SBTEKTHKH), oOpazyromerocs npu 1147° C npu
ABTEKTHUYECKOW KPUCTAUIM3AIMU KUJKOro cruiaBa ¢ cojaepxkanuem 4,3% C wu
coctosimero (mpu  1147° C) w©3 HSBTEKTUYECKOTO IIEMEHTUTA W AYCTCHHTA,
coaepxaiero 2,14% C (touka E Ha nuarpamme xene30— LEMEHTHUT) U IEPBUYHOTO
nemeHtura . Ilpu mocnemyromeM OXJIaXKJICHUU BCIEACTBUE  YMEHBIICHUS
PacTBOPUMOCTH YIJIepoJia B aycTeHuTe (IuHUA E Ha nuarpaMmme Keae30—IeMEHTHT,
puc. 2) U3 aycTeHUTa BBIAENACTCSA (KaK U B 3adBTEKTOMJHBIX CTaJISIX) BTOPUYHBIN
[EMEHTUT. BTOpUYHBI 1IEMEHTUT CJIMBACTCA C IIEMEHTUTOM JBTEKTHYECKUM,
MOATOMY B CTPYKTYp€ OBTEKTUKH HEBO3MOXKHO YKa3aTh, TJI€ HaXOAUTCAd B
OT/ACIBHOCTA JBTEKTUUYECKUM ILEMEHTUT W BTOPUYHBIM 1emeHTuT. Ilpum 727° C
ABTEKTHKA COCTOUT M3 IIEMEHTUTA U aycTeHuTa ¢ coaepxkanuem 0,8% C. Ilpu sroit

TEMIIEpaType ayCTEHUT IpeBpamiaeTcs B nepiauT. Takum oOpa3om, Mocie MOJHOTO

OXJIAXKIeHUA- Jeae0ypurt (puc.)
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Puc.8- OBTexkTrueckuii 0enbiit uyryH c 4,3 % C — neneOypur:

a) MUKPOCTPYKTYpa , 0) cxeMa MUKPOCTPYKTYPHI .

MHUKpPOCTPYKTYpPa 103BTEKTHYECKOr0 0€eJ10ro 4yryHa.

JI09BTEKTHUECKUH O€nblii YyryH TMOCj€ TMOJIHOTO OXJaXACHHUS HMEET
CIIEIYIOUIYIO CTPYKTYpPY: JeaeOypuT (LlEMEHTUTHAash SBTEKTHKA) + MepauT + BTO-
puuHbl 1eMeHTUT. C yBENMYeHUEM COJepkaHUs yriepoja, Korjna JjeaeOypura
CTAHOBUTCS OTHOCUTEIIBHO MHOI'O, BTOPUYHBIN LIEMEHTUT B CTPYKTYpPE CIMBACTCS C
LEMEHTUTOM Jiefle0ypuTa (IBTEKTHYECKUM). MOXKHO CUMTaTh, YTO CTPYKTypa TaKUX
JIO9BTEKTUYECKUX O€JBbIX UYYTYHOB COCTOMT U3 JeaeOyputra (LEMEHTUTHOM

ABTEKTHUKH) U niepauTa (puc.9.)

Puc.9 - loaBrextudeckuii 6enbiit uyryH ¢ 3% C- nepaut + nequOypur:
a) MUKPOCTPYKTYpa, 0) cxeMa MUKPOCTPYKTYPHI.

MHUKpPOCTPYKTYpa 323BTEKTHYECKOr0 61010 4yryHa.

MUuUKpOCTpyKTypa 3a9BTEKTHUECKOT0 O0EJI0Tr0 YyryHa COCTOUT U3 Jeaedypurta
(IEMEHTUTHOM PBTEKTUKH ) U IEPBUYHOIO 1leMeHTuTa (puc. 10).

Puc.10- 3asBTexktrueckuii 6embiif uyryH ¢ 5% C- uemMeHTUT ( HepBUYHBIN) +
nene0ypur:
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a) MUKPOCTPYKTYpa , 0) cxema MUKpPOCTPYKTYPBI.

IHopsinok BeIMOIHEHUS PAadOTHI

1 M3yunTh OCHOBHBIE TEOPETHUYECKHE IMOJIOKEHUS O MHUKPOCTPYKTypax
YIIAEPOAUCTHIX CTANeH U OeNbIX UyTYHOB.
2 IMoaroToBuTh K paboTe MeTaiorpaduuecKuii MUKPOCKOTI.
3 MOAroTOBUTHL OOPA3IBI CTaJEH U OEIbIX YYTYHOB K IPOBEICHUIO MUKpOAHAIIHA3a
4 WccnenoBaTh MHUKpOUUTU(BI TEXHUUYECKOTO >KENe30 ,YIJIEPOJIUCThIX CTaled u
OellbIX UYYTYHOB U ONpPEAEIUTh MHUKPOCTPYKTYphl .CpaBHUTH BbISIBJICHHbBIE
MUKPOCTPYKTYpPbI ¢ 0003HaUYE€HHBIMH Ha IUarpaMMe >KeNe30-1IEMEHTHUT .

Bonpocs! 1ist camonpoBepku
1. Yrto takoe pepput ? KakoBbl ero MexaHndeckue cpeacraa ?
2. Yrto Takoe nepaut ? KakoBbl ero MexaHn4eckue cBoicTBa?
3. Uro Takoe 1iemeHTUT ? KakoBbI ero MexaHu4ecKue cpecraa ?
4. Kak MeHsIeTcsl CTpYKTypa CTaji B 3aBUCUMOCTHU OT COJAEPKaHMs yriaepoaa ?
5. UTto BXOJUT B cocTaB JieneOyputa Oenbix 4yryHoB mipu Temreparype 1147 C u nipu
KOMHATHOM Temreparype ?

Conep:xxanue oTuera

OT4eT HOMKEH COAEPIKATH ICKU3 JUATPAMMBI COCTOSIHUS KEIE30 — HEMEHTUT U
KPaTKyl0 XapaKTepUCTHKY CTPYKTYp COTJIACHO JHarpaMMbl B 3aBUCUMOCTU OT
COJIepKaHusl YIiiepoJia B CIIaBax ;

— DCKH3bI UCCIIEOBAHHBIX CTPYKTYP U UX CXEMBI
— COCTaB UCCIEOBAHHBIX CTPYKTYP ;

— BBIBOJBI .
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Pexomenayemas jiureparypa

1. Anackmn AM ,3yes B.M. MarepuanoBeaeHue H - TEXHOJIOTHS
marepuainoB .-M.: N[ «DOPYM-UHDPA-M»,2017.

2. OBunnnukoB B.B. Metannoseaenbe —M.:NJ] « DOPYM — UHDOPA-M»
, 2017.

3. JlaxTuH IO.M , JleontseBa B.II. MarepuanoBenense. — M.:
MammHoctpoenue, 1990.

4, Ky3pmua B.A. un.jap. TexHonorus MeTamioB MW KOHCTPYKLUMOHHBIE
marepuainsl —M.: MammHoctpoenue ,1981.

S. Camoxoukuit A.M ,Kynssckuit M.H. JlaGoparopHbie paGoThl 10

MCTAJNIOBCACHBIO M TCPMHUUCCKUC O6pa6OTKI/I MCTAJIJIOB .-M.:MaIIII/IHOCTpoeHI/IG,

1981.

HuTepHer — pecype :
rutor.info>torrent...adaskin...materialovedenie.books.academic.ru>book.nst...

Pexomennyembie yueOHbIE M3AaHUS M AJIEKTPOHHBIE PECYPCHI, WHTEPHET -
pecypchl

JI1.Anackun A.M. Marepuanoseaenue. —M.: Akagemus1,2015,2016,-239 c.
JI2. OunnaukoB B.B. Metamnosenenue. — M.: ]I «DOPYM»; THOPA-M, 2015-
320c.
OP1. borogyxos, C.H. Kypc wMarepuanoBeneHusi B BOOpOcax U OTBETAX
[DnextponHsbiii pecypc] : yued. mocodue / C.M. boromyxos, A.B. Cunroxun, E.C.
Ko3uk. — DnektpoH. gaH. — MockBa : Mammunoctpoenue, 2014. — 352 c. —
Pexum nmoctyna: https://e.lanbook.com/book/63212. — 3ar. ¢ 3xpaHa.
OP2. Tapudymmun, ®.A. MarepuanoBeqeHUEe W TEXHOJOTHS KOHCTPYKIIMOHHBIX
MaTepHaIoB: Y4eOHO-METOANYECKOE TTOCOOre [DIEKTPOHHBIN pecypc] : yued.-MeToI.
nocobue / ®.A. I'apudynnun, P.I1. Aronos, B.B. XunsakoB. — DnekTpoH. gaH. —
Kazanp . KHUTY, 2013. — 248 ¢. — Pexum  Jgocryna:
https://e.lanbook.com/book/73296. — 3aru. ¢ skpaHa.
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HNuTepueT- pecypcesl.
NP1. Enunoe okHO gocTyma K MHGOPMALMOHHBIM pecypcam
http://window.edu.ru/

NP2 HanmonanbHas eKTpoHHast OuOInoTeKa

http:/www.elibrary.ru/.

JlabopaTopHasi pa6ora Ne 4.
Tema padoThl: «3akajka crajam»
eab padoThI

OOyueHus :

— 03HAKOMMTCS C TEXHOJIOTHYECKHUM IIPOILIECCOM TEPMHUYECKONH 00pabOTKH ;
— TMPAKTUUYECKUX HABBIKOB MIPOBEJCHUS 3aKAJIKU YIJIEPOJAUCTOM CTalH .
Bocnuranus :

— BOCHHUTAaHMS y CTyICHTOB OTBETCTBEHHOTO OTHOIIEHHUS K TIOCTHXKEHUIO
IIOCTaBJICHHOM LIEIH .
PazBurus :

— JIOT'MKH MBIIIJICHUA U YMCHUA IIPUHUMATD 000CHOBaAHHEBIE pCUICHUA .

3axanue

1 moATOTOBUTH 00pA3IIbl U3 YTIAECPOJUCTON CTANU JJIS TIPOBECHUS
TEPMHUYECKON 00pabOTKH .

2 OnpenenuTtb peKUMbI TPOBEICHUS 3aKaIKU U OTIYCKA YIJIEPOJIUCTON CTaln

3 IIpousBecTu 3aKajiKy U OTIYCK 00pa3loB U3 YIIEpOJAUCTON CTAIH .

4 OnpenenuTsb TBEPIOCTh 00PA3IIOB MOCJIE 3aKaJKH U TOCTIE OTITyCKa .

S IIpousBecTr CpaBHEHUE U3MEHSIOMINXCI MEXAHUYECKUX CBOMCTB

(TBepOCTH) 00PA3IOB U3 YIIAEPOIUCTON CTATU J0 U MOCIIEC TEPMUIECKON 00paboTKH
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5 MarepuaJjibHOe o0ecrieyeHue

1 O6pa3ibl U3 yriaepoaucTon CTalH .

2 DnexTpuyeckas MyQenbHas medsb .

3 TepMOIIEKTPUYECKUI TUPOMETD.

4 3akasiouHbIi OaK ¢ BOJOH .

5 MacnsiHas BaHHa .

6 [Ipubop TK-2 nns onpenenenus TBepaocTy no Poksey.

7 BcnoMmorarenbHbIC NPUHAAJICKHOCTHU U MHANBUIYAJIBHBIC CPCACTBA 3alIUTHI

KpaTtkne TeopeTuueckue cBeleHUs
CymHOCTH ¥ HA3HAYEHHE 3aAKATKH
3akanka — TepMooOpaboTKa ,3aKJIFOYAIONIAsICSl B HArpeBe CTald BBIIIIE
kputnueckux Todek Ha 30...50 C , BbIAEpKKE M TMOCIEAYIONIEM OXJIaXIACHUU CO
CKOPOCTBIO KPUTHUECKON UJIM OOJIbIIIe KPUTUUECKOU € IEIbI0 JOCTH)KCHUSI BHICOKOM

TBCPAOCTH 3a CUCT O6paSOBaHI/I}I MapTCHCHUTA .

OmnpenesieHue TeMnepaTyphbl 3aKAJIKH

Temmeparypa HarpeBa Mo 3aKajKy OIPEIENSETCS MO HUXXHEW JIEBOM 4acTH
IMarpaMMbl COCTOSIHUSI <GKENI€30-IIEMEHTUT» B 3aBUCHUMOCTH OT COJAEpPKaHHS
yriaepoaa B cranu . JlosBrektouansle cranu HarpeBatoT Ha 30...50 C Beie
kputudeckoil Touku AC3 ( nunus puc.l ) 3a3Brexkrougnbie — Ha 30...50 C Bbie
kputnueckoit Toukn AC1 ( nunuss SK, puc.1)

Omnpenenenue BpeMeHH BbIIEeP:KKH 00pa3oB B Me4Yn

Bpewms narpeBa ompenensiercs u3 pacuera 1.5 MuH Ha | MM guamerpa Juist

MUIMHAPHUYCCKUX 3arOTOBOK .
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C, 2
Puc.1- OnTumanbHbIi HHTEPBAJ 3aKAJIKW YIJIEPOJIUCTOM CTaH .

Oxua:xknenue cpeabl

Hcnonb3yeTcs Bojia 1 MammHHOE Maciio Mapku « Manyctpuanbaoe 30»

CTpyKTypHbIE IpeBpallleHUs MPH 3aKAJIKe

B pe3ynbprare HarpeBa 103BTEKTOUIHON CTAJIHM 0 3aKAIOYHOW TEMIIEPaTyphl U
BBIIEPKKU UCXOJIHASI CTPYKTYypa : PeppuUT + MepiauT mpeBpaniaetcs B aycTeHuT . [lpu
OXJIaXJEHUU B BOJE MPOMCXOJIUT NPEBpALICHUE AayCTEHUTAa B MAPTEHCUT , a IpHU
OXJIAKJICHUU B Macje o0pa3yercs CMelIaHHas MapTEeHCHUTOTPOOCTUTHAS CTPYKTYypa .
B 3a3BTEeKTOMIHOW CTanu B pE3yJbTaTE HArpeBa 0 3aKAJIOYHOW TEMIIEPATYpPHI ,
BBIJICPKKM B AyCTEHHUT NPEBPALLACTCS IEPIUT ,CTPYKTypa MPU 3TOM COCTOUT H3
ayCTEHHTAa W BTOPUYHOIO IIEMEHTUTA ,MO3TOMY CTPYKTypa 3aKAJICHHOM CTalu
COCTOUT M3 MapTeHcHuTa ( MpH 3aKajike B BOAE ) U MapTEHCHUTHO-TPOOCTUTHOM
CTPYKTYphI ( IIpU 3aKaJIKe€ B Macliie ) , a TaK)K€ BTOPUYHOTO LEMEHTHUTA , KOTOPbIN

IMOBBIIACT TBEPAOCTDb U U3HOCOCTOMKOCTh CTaJH .
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IHopsinok BeINOIHEHUS PadOTHI

1. Onpenenute TBepAOCTh 3-X 00pa3noB (HRB) B ncxogHoM (OTOXKEHHOM )

COCTOSIHUU , UCIIOJIB3YA Npubop PokBenna .

2. Ilony4yeHHble 3HaAHUS TBEPAOCTU B COOTBETCTBUM ¢ Tadmuueit ( 1.c.173 )

«CooTHo1IEHHE uucesl TBepAocTH o bpuuemmo n Poksemty» mpeoOpa3zoBaTh B

BEJIMYKMHBI TBep0CcTH 110 bpunemtio u Poksemty ( HRC) .

Hanpuwmep , npu HRB =93 , HB = 1970 H/mm2 , a HRC = 12.

3. Ucnonw3ys tabnuiy 1 , ompenenuTh MapKy CTald U COJAEpXKaHUE B Hel

yriaepona , Hampumep , cranb 45 copepxur 0.45 % C , ee tBepgocts HB = 2070

H/mm2. Takas ke TBepocTh y ctanu Y 12 ,conepkanue yraepoja B Heit 1.2 %.

HOPMBI TBEPJIOCTH YIJIEPOJJUCTOM CTAJIU B OTOXOKEHOM COCTOSHUN

Mapka cranu

TBepaocTh OTOXX)KEHHOU

ctanu HB ( He Oornee)

Mapka craim

TBepaocTh

OTOXOKeHHOU ctau HB

( He 6oee)
40 1970 Y9 1920
45 2070 Y10 1970
50 2170 Y12 2070
4. YuuTeiBas CoOAEpXKaHUE YriepoAa B CTaIM ONPEACIUTh TEMIEpaTypy
3aKaJKH .

Hanpuwmep , ans cranu Y9 : AC1+(30...50 C ) =727 + ( 30...50 C ) 760...780 C ,

cMm..4.2 .

5. Omnpenenuts BpeMs BBIIECPKKH O0O0pa3loB B ME€YM NPU MPUHITOU

Temmeparype , (cMm.m.4.3) . JIlnametp oOpasion 10mMm.

6. IlpomsBectn 3akanky , moMmemas oOOpas3lsl B MEYb , HArpeTyr o0

TCMIICPATYPhI 3aKaJIKK M BBIACPIKHWBAA B TCUCHHUHA 3a1dHHOI'O BPCMCHHU. OXJ'I&)KI[GHI/IG

2-X 00pa3IoB MPOU3BECTH B BOJIC ,0HOTO B MacCIIC .
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/. 3a4uCTUTh TOPLBI O0pa3LOB OT OKAJIUH , ONPENETUTE MX TBEPAOCTH IO

Poxsemny (HRC)
Bonpocsl 1iist camonpoBepKu

1. Yro takoe 3akanka ? Kak BeiOMpaeTcsi TeMiiepaTypa HarpeBa rnoj 3akajiky ?
2. Kakue cTpykTypHbIE IpEeBpallleHHs] MPOUCXOIAT B CTAIU MPHU 3aKaJKe ?
3. [lpousBeneHHas 3akaika oOpas3noB u3 craimu 45 u Y12 ¢ temneparypsl 760 C .
OObsicCHUTH , MoYeMy oOpa3sibl U3 ctanu 45 nonyyaror Oosiee HU3KYH TBEPIOCTSH ,
yeMm oOpa3iibl u3 ctanu Y12 ?
4. TlpousBenenHas 3akaika oOpasuoB u3 ctanu Y7 u Y12 ¢ temnepatypsl Ha 50 C
BbIIlIE KpUTHYECKUX ToueK . OOpasibl U3 Kakou cTanu OyayT UMETh 00Jiee BHICOKYIO
TBEPAOCTh U TTOUeMy ?
Conep:xanme oTuera
1 ChopmynnpoBaTh CYIIHOCTh U Ha3HAUYECHHE 3aKAJIKU U OTITYCKa.
2 3apucoBartb auarpammy cocrostuust Fe-Fesc u 0003HaunTh TemmnepaTypsl HarpeBa
IpY 3aKaJIKe U OTITYCKE .
3 Onpenenuts BpeMs BBIIEPKKH 00pa3lioB B M€UH MIPH 3aKAJIKE U OTIIYCKE .

4 CocTaBUTH IPOTOKOJI TEPMUYECKON 00pabOTKH YIIIEpOIUCTOMN CTAIH .

MPOTOKOJI TEPMUUYECKON OBPABOTKHA YIJIEPOJAUCTOM CTAJIA

No Mapka craim | [luamertp Temneparypa | BpeMms BBIIEpKKHU , MUH .
n/n oOpasna Mm 3akanku C ITpu 3akanke
1 2 3 4 5
TBEPIOCTb
B ucxonnom cocrosaumn HRC nocne 3ak-ku
HRB HB HRC B Boze B macne
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Ha ocHOBaHuH MPOTOKOJIA CAeJaTh CJEAYIOINUE BbIBOADI .
B PC3YJIbTATC 3aKaJIKU Ha TBECPAOCTD ,
IIPpH 3aKaJIKE B MaCJIC;

YeM BBIILIE TEMIIEpaTypa OTIyCKa , TEM TBEPAOCTD ...

Pexomenayemasi aureparypa
1 Apackun A.M ,3yeB B.M. MatepuanoBeeHue U TEXHOJIOT Ul MATEPUAJIOB .-
M.:U]] « DOPYM-UHOPA-M»,2017.
2 OpumaHuKOB B.B. Mertamnosenenbe —M.:NJ| « DOPYM — UH®PA-M» , 2017.
3. JlJaktun FO.M , JleontseBa B.I1. MarepuanoBenenbe. — M.: MammHocTpoeHue,
1990.
4 Ky3pmuH B.A. n.1p. TexHOIOTHS METaII0B U KOHCTPYKIIMOHHBIE MaTEpHAIIbl —M.:
MammHoctpoenue ,1981.
5 Camoxoukuit A.N ,Kynsasckuiit M.H. JlabopaTopHbie paOOTHI IO METAIUIOBEACHBIO

U TepMudeckre o0paboTku MeTaioB .-M.:Mammnoctpoenue, 1981.

JlabopaTopHasi pa6ora Ne 6
IIponon:kutenbHOCTH padoThI— 2 Haca .
Tema pa6oTbi: «OTHYCK CTATN»
Hean padoTsl
OO0yueHus :
— O3HAKOMUTCS C TEXHOJIOTHYECKUM MPOILIECCOM TEPMUUYECKON 00paboOTKH ;
— TPaKTUYECKUX HABBIKOB MPOBEACHUS OTIYCKa YIIIEPOAUCTOM CTaNH .
Bocnurtanus :
— BOCIUTaHMS Y CTYJEHTOB OTBETCTBEHHOI'O OTHOIIEHUS K JOCTHKEHUIO
MTOCTABJICHHOM LIEJIH .
PazButus :

— JIOI'MKHW MBINIJICHUA K1 YMCHUS IIPUHUMATD 000CHOBaHHEIC peuicHus:A .
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3aganue

1 moAaroToBUTH 0Opa3Lbl U3 YrAEPOAUCTON CTAIHU AJIs IPOBEACHHUS
TEPMHUUYECKONU 00pabOTKH .

2 OnpenenuTs peKUMbI IPOBEICHUS OTIIYCKa YIIE€POIUCTON CTAIIH .

3 IIpousBecTu OTIYCK 00PA31I0B U3 YIIECPOAUCTON CTAIIH .

4 OnpenenuTs TBEPIOCTh 00Pa3LOB MOCIIE MOCIE OTIYyCKa .

5 [IpousBectu cpaBHEHUE U3MEHSIOUIUXCS MEXaHUUYECKUX CBOMCTB

(TBepmocTH) 00pa310B U3 YIIAECPOAUCTON CTANIU JI0 U TIOCJIE TEPMHUUECKON 00paboTKH

5 MarepuajbHoe o0ecneyeHue

1 OGpa31iel U3 yraepoaucTON CTalu .

2 Dnextpuyeckas MmydenbHas meyb .

3 TepMoO3JIEKTpUUECKUI TUPOMETP.

4 3axano4Hblil 0aK ¢ BOIOH .

5 MacnsiHas BaHHa .

6 IIpubop TK-2 nns onpeneneHus TBepaocTu mo Poksemny.

7 BciomoraresnbHble IPUHAIEKHOCTU U MHIUBUAYAJIbHBIE CPEICTBA 3ALUTHI
Kparkue TeopeTruyeckue cBeeHUs
CylmHOCTDh ¥ HA3HAYEHHE OTIIyCKA
OTnmyck — BHUJ TEPMOOOPAOOTKH , 3aKJIIOYAIOIIUMNCS B HArpeBe 3aKajJeHHOU
CTaju A0 TeMmIepaTyp , He mpeBblmaromux kputudeckyo Touky AC1 ( munusa PK

pI/IC.l), BBIACPIKKC H MCHJIICHHOM OXJIAXKIACHHHN . IIPOBOJAHUTCA C LOCIIBIO CHATHA

BHYTPEHHUX HANPSIKECHUMN .
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Buabl orycka

IIpu Temniepatype HarpeBa paznudaroT Hu3ku 10 250 C , cpennnii 350...450

C u Beicokuit 500...680 C oTmyck.

OmnpenesieHue BpeMeHHU BbIIEPKKH 00pa310B B lleYH NPH OTILYCKe .

Bpems Bblaepkku omnpenensercs U3 pacdyeta 2-3 MUH . Ha 1 MM auamerpa

oOpasna .

CTpyKTypHBIE IpeBpallieHUs NPH OTILyCKe

[Ipy HU3KOM OTIyCKE MApPTEHCHUT 3aKaJIKi TMPEeBpallacTcss B MapTCHCHUT
OTIIyCKa ,ME€Hee MEePEHACHIIIEHHBIN YIIIepOJOM ; MPU CPETHEM OTIYyCKe oOpa3yeTcs
OuYeHb MeJKas (EPPUTHO — IIEMEHTUTHAS CMECh-TPOCTHUT OTIYCKa , MPHU BBICOKOM
oTIycke — (eppUTHO — IIEMEHTUTHAsI CMECh — COPOUT OTITyCKa , HECKOJIBKO Ooiiee
KPYIHAsl , 4€M TPOCTHT .

Ilopsinok BbINOJIHEHUSI PA0OTHI

1. Onpenenuth TBeprocTh 3-x obpasno (HRB) B ncxomHom (OTOXKKEHHOM )
COCTOSIHUH , UCTIOJNIb3YA puOop Poksena .

2. [lomy4yeHHble 3HAHUS TBEPAOCTU B COOTBETCTBMM ¢ Tadmuieit ( 1.c.173 )
«CootHomenne uucen TBepaoctu no bpunemmo m Poksemny» mpeoOpa3oBath B
BeJIUYHMHBI TBepAocTH 1o bpunemnto u Poksemny ( HRC) .

Hampuwmep , mpu HRB =93 , HB = 1970 H/mMmM2 , a HRC = 12.

3. Ucnonw3yst Ttabnuiy 1 , ompenenuTh MapKy CTald U COJACpPKAaHUE B HEH
yriepoaa , Hamnpumep , ctaib 45 cogepxut 0.45 % C , ee tBepaocts HB = 2070

H/mm2. Takas ke TBepaoCTh y ctanu Y 12 ,conepkanue yriepoja B Hel 1.2 %.
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HOPMBI TBEPJIOCTH YIJIEPOJJUCTONM CTAJIA B OTOXOKEHOM COCTOSIHUU

Mapka cranu TBeprocts  OTOXOKEHHOU | Mapka cranu TBeprocTsb
cranu HB ( He Gomee) oToxokeHHOM ctanu HB

( =HE OoOIECE)

40 1970 ¥9 1920

45 2070 Y10 1970

50 2170 V12 2070

4. YuuTpiBasi coAEpXaHUE YriepoAa B CTaIM ONPEAEIUTh TeMIepaTypy
3aKaJKH .

Hanpuwmep , ana cranu Y9 : AC1+(30...50 C ) = 727 + ( 30...50 C ) 760...780 C ,
cm.m.4.2 .

5. OmpenenuTh BpeMs BBIICPKKH O0Opa3lloB B IME€UYM TPU TMPUHITOU
temrieparype , (cM.1.4.3) . Jluametp o6pasioB 10MM.

6. IlpousBecTn 3akanky , nomemias oOpa3lbl B MeYb , HarpeTyrw o
TEMIIEPATyphl 3aKAJKU U BBIICPKUBASI B TEUCHHUH 3aJIaHHOTO BpeMeHHU. OXJIaxKeHne
2-X 00pa3IoB MPOU3BECTH B BOJIE ,0HOTO B Maclie .

7. 3a4uCTUTH TOPIBI O0pA3IOB OT OKAJIWH , OMPENENTUTE MX TBEPAOCTH IO
Poxksenny (HRC)

Bonpocs! 11t camonpoBepKu
1. Yo takoe 3akanka ? Kak BeiOMpaeTcst TeMiiepaTypa HarpeBa mnoj 3akaiky ?
2. Kakue cTpykTypHBIE TPEBPAIICHUS MPOUCXOAAT B CTAIN MPHU 3aKAJKE ?
3. IlpomsBeneHHas 3akaiaka oOpas3ioB u3 cranu 45 u Y12 ¢ temmeparypsr 760 C .
OO0BsicHUTH , MoYeMy oOpasibl U3 ctanu 45 momydaror 0onee HU3KYIO TBEPIOCTSH ,
yeM 00pa3ibl u3 cranu Y12 ?
4. TlpousBeneHHas 3akajka oopasnoB u3 ctanu Y7 u Y12 ¢ temneparypsl Ha 50 C
BBIIIIE KPUTHIECKUX TOUeK . OOpa3Iipl U3 Kakoil cTtaiau OyayT UMETh 00Jiee BBICOKYIO
TBEPAOCTH U MOYEMY ?
Coneprxkanue oTyeTa

1 ChopmynupoBaTh CYIIHOCTh U Ha3HAUYCHHUE 3aKAJIKW U OTITYCKa.
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2 3apucoBarh quarpamMmmy coctosinus Fe-Fesc u 00o03HauuTh TemMmeparypbl HarpeBa
MIPU 3aKAJKE U OTIYCKE .
3 Onpenenutb BpeMs BbIAEPKKM 00pa3lOB B €YU MPH 3aKAJIKE U OTIYCKE .

4 CocTaBUTh IPOTOKOJI TEPMUYECKON 00pabOTKH YIIIEpOIUCTOMN CTAIIH .

MPOTOKOJI TEPMAYECKOMN OBPABOTKH YIJIEPOJUCTOM CTAJIN

Ne Mapka cramm | [luamerp Temneparypa | BpeMms BBIIEpKKHU , MUH .
n/n oOpasna Mm 3akanku C ITpu oTiycke
1 2 3 4 5
TBEPJJOCTD
B ncxogHoM cocTossHUU HRC nocne otnycka
HRB HB HRC B BozE B macine

Ha ocHOBaHMHU MPOTOKOJIA c/1eJIaTh CJeAyIolie BHIBO/BI :
B pe3yJibTaTe 3aKajdkh Ha TBEPAOCTD ;
NP 3aKaJIKe B Maclie;

YEeM BBIIIIE TEMIIEPATypa OTIYCKA , TEM TBEPAOCTD ...

Pexomenayemast iureparypa
1 Anackun A.M ,3yeB B.M. MatepuanoBefeHre U TEXHOJIOTUsI MATEPUAJIOB .-
M.:NJ] «POPYM-UHD®PA-M»,2017.
2 OpumnaHUKOB B.B. Mertannosenense —M.:NJ] « DOPYM — UH®PA-M» , 2017.
3. Jlaktun FHO.M , JleontreBa B.I1. MarepuanoBsenense. — M.: MamumHocTpoeHue,

1990.
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4 Kys3pmuH B.A. u.ap. TexHonorust METajJIOB U KOHCTPYKIMOHHBIE MaTeprualibl —M.:
MamnHoctpoenue ,1981.
5 Camoxoukuit A.N ,Kynssckuit M.H. JlaGopatopHbie pab0OThI IO METAINIOBEICHBIO

U TepMHUYecKre 00paboTku MeTauioB .-M.:MamunocTtpoenue, 1981.

JlaGoparopHasi pabora Ne7 « MUKpoaHaJIu3 cTajieil mocjae TepMooOpadoTKI)

ean padoThI

OO6yueHnus:

-U3y4CHUE MUKPOCTPYKTYP CTajeil ociie TepMooOpaboTKy;
-3aKPEIUIEHUN 3HAHUM 110 TUCLUIUINHE;

-IPUBUTHUE HABBIKOB UCCIIEIOBATEILCKON pabOTHI.

Bocnuranus:

-BOCTIMTAHUE Y CTYJICHTOB HHTEPECOB K BBIOpaHHOU Mpodeccui;
-OTBETCTBEHHOI'O OTHOIICHUS K BBIIIOJHEHUIO ITOCTABJICHHOM 3a1auH.
PazButus:

-Pa3BUTUC JIOTHKH MBIIIJICHUS.

3aganue

1. W3y4nth MEUKPOCTPYKTYPY CTaJIEH MOCIIE TEPMOOOPAOOTKH.
2. 3apucoBaTh MUKPOCTPYKTYPBI U CXEMbI MEKPOCTPYKTYP.
3. JlaTh KpaTKyI0 XapaKTepUCTUKY UCCIEAOBAHHBIX CTPYKTYD.

4. OpopMuTh OTUET.

IIpoxo/KUTEJbHOCTH PAdOTHI

[IponomxuTeIbHOCTH PabOTHI - 2 yaca.
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MaTepnaﬂbnoe odecrieuenue
1 Meramnorpaduueckuii MUKPOCKOII.
2 HabGop MukpouuingoB cTajiei nocie TepMooOpadOoTKH.

3 InarpamMma COCTOSIHUS KeJIe30-1IEMEHTHUTA.

Kparkue Teopuruyeckue cBeeHUs

MUKPOCTPYKTYPa OTOXKKEHHOH CTAIH

MUKpOCTpYKTYpa OTOMOKEHHOW CTald B JIOOBTEKTOWJHOM CTajdu IOCTe
MOJIHOTO OTXKHWra, T.e. HarpeBa g0 TemmepaTypbl A+(20-30°C) m mocienyroiero
MEJIJICHHOTO OXJIAXKJICHHS BMECTE C TIeYbl0, OOpa3yercs MeJKas paBHOMEpHas
CTPYKTypa, COCTOSIIAsl U3 CBETIBIX 3¢peH deppuTa U TEMHBIX -TiepyuTa (puc. 1).

B 3a’BTeKkTOMIHON CTamu IOCJA€ HEMOJHOIo OTXKWra, T.e. HarpeBa Jio
temnepaTypsl 10 A+(20-30°C) u nocienyroniero MeaJICHHOTO OXJIaXKICHUSI BMECTE C
neybo o0paszyeTcsi CTPYKTypa, COCTOSIIAs U3 [IEMEHTUTA U IiepinuTa. Eciiu eMeHTUT
HaxOJIUTCS B BHJIC 3€PEH, TaKas CTPYKTypa Ha3bIBACTCS 3€PHUCTHIM IEPIUTOM (pHC.

2).
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\j . \\\ 4/‘ o g - 3
°<\) \"‘/ = _
Puc. 1- Mukpoctpykrypa Puc. 2- Mukpoctpykrypa
IJJACTUHYATOTO MEPIIUTA 3€PHUCTOrO NEPIUTA

[Ipn HOpManu3auu HaArpeB MPOUCXOJUT 10 TEMIIEPATYPHI BbBIIIE TOUYKU A 11

JIODBTEKTOMAHBIX CTaJled WIM TOYKH A UId 3a3BTEKTOMAHBIX CTajled C
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MOCJICTYIONINM OXJIKICHUEM Ha Bo3ayxe. Ilpu 3Tom cTpykTypa moiydaercs Ooiee
MEJIKOM, a MEXaHHUYECKUE CBOMCTBA 0oJiee BHICOKUMU (pucC.3).

[Tpu HarpeBe cTany MpU OTXKHUTE A0 TEMIIEPATYPhl HAMHOTO BBIIIE KPUTHYCCKON
MOJIy9aeTCs TIEPETPeEB, UYTO MPUBOANUT K KPYIMHO3EPHUCTOMY CTPOCHHIO CTalH (pHC.

4).
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Puc. 3- Orxur — ¢peppur + nepiur:
a) MUKPOCTPYKTYpa, 0) cxeMa MUKPOCTPYKTYPHI.
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Puc .4 -3akanka v BICOKUN OTIYCK — COPOUT:
a) MUKPOCTPYKTYpa, 0)cxema MUKPOCTPYKTYPBHI.

MuKpOCTPYKTYpa 3aKaJCHHON CTaJIH

B 1m0o3BTEKTOHMIHOM CTaNM MOCTE 3aKalKH, T.€. HArPeBa 0 TeMIeparypbel A
(20-30°C) u mocnenyromero ObICTPOro OXJaXKICHUS B BOJIE 00pa3yeTcsi CTPYKTypa
MapTEeHCHUTA.

MapTteHcuT - NepeHaChIICHHBIM TBEPIBIM PAcTBOp YIJepoaa B KeJese.

MapTeHCUT UMEET XapaKTEPHOE UT0JIbYaTOE CTPOCHHE, OUEHb TBEP/bIl (puc. 5).
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Puc. 5- Otniyck

B 3a3BTeKTOMIHOM CTany MOCJE 3aKajKH, T. €. HarpeBa A0 Temneparypel A+
(20-30°C) u mocneayromero ObICTPOTO OXJAKACHUS B BOJE 00pa3yeTcsi CTPYKTypa
MapTEeHCUTa U BTOPUYHOIO LieMeHTuTa (puc.6). Haimnume BTOpUYHOrO LEMEHTHUTA

IIOJIC3HO, T.K. B CBiA3U C €TI0 BBICOKOM TBEPAOCTBIO YBCIIMUNBACTCA M3HOCOCTOMKOM

CTaJiun.
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DB AR NSRS
Spondy D ESPR Y IY IRNOY 2 NG 5
Puc. 6

MuKpOCTPYKTYpa OTILYILICHHOH CTAJIHU
IIpu HuszkoremneparypHom ormycke (mo 200°C) MapTeHCUT 3aKajaku
MpeBpallaeTcs B MapTEHCUT OTIycKa. B MapTeHcHTe 3akalku Wrja CBETJIbIE, a B
MapTEHCHUTE OTIYCKAa OHU TEMHBIE. DTO OOBSCHSACTCS BBHIICICHUEM M3 MapTEHCUTA

MeJIbYANIIUX YacTHUIl [IeMEeHTHUTa (puc. 7).

65



Puc. 7- Cranp Y10. 3akanka 1 HU3KUil OTIIYCK — MAPTEHCUT + LIEMEHTUT:
a)MUKPOCTPYKTYpa, 0)cxema MUKPOCTPYKTYPHI .

IIpu cpennem otmycke (350-450°C) wMapTeHCHUT 3aKajkKd pacrnajgaercs Ha

BBICOKOJUCIICPCHYIO CMCCh (bCppI/ITa U NEMCHTHUTA TPOOCTHUT.

Puc. 8- Cranp 60C2. 3akanka 1 CpeIHUI OTILYCK — TPOOCTHUT:
a) MUKPOCTPYKTYpa, 0) cxema MUKPOCTPYKTYPHI.

[Tpu BwIcOKOM oOTmycke (500-800°C) obpasyercss QpeppuTHO - IIEMEHTUTHAs

CMECH - COPOUT OTITyCKa.

Puc. 9- Cranp 30XI'CA. 3akanka U BICOKHI OTIYCK — COPOUT:
a) MUKPOCTPYKTYpa, 0) cxema MUKPOCTPYKTYPHI.
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MHuKpPOCTPYKTYpa IeMEHTOBAHOM CTAJIN

B »roii crtanm copepxkaHue yriuepoia YMEHBINACTCS OT MOBEPXHOCTU K
cepaueBuHe. B COOTBETCTBMM C TakMM HW3MEHEHHEM XUMHUYECKOTO COCTaBa
MOJIy4aeTCsd W paclpeleIeHHe CTPYKTYPHBIX COCTaBIIAIOIIMX: OT TMOBEPXHOCTH
oOpasyeTcsi CTpPyKTypa TMepiuTa M UEMEHTUTa (3a9BKTOMJHAs 30HA), Jaiee
pacnoJiaraeTcsi mepiauT (IBTEKTOMAHAS 30HA), a 3aT€M MPU MEePexoie K CEpALIECBUHE -
nepauT u GeppuT (mepexoaHas TOIBTEKTOMAHOS 30Ha) .B mepexonHol 30HE uem

OJKe K CepAIIeBUHE, TEM MEHbIIE nepiauTa u oomnbine peppura (puc. 10).

IHopsiiok BbINOJTHEHNSI PA0OTHI

1 V3y4nTh OCHOBHBIE TEOPUTHYECKHUE MOJIOKEHUS O MUKPOCTPYKTYpax craiei
MocJie TEPMOOOPaOOTKH.

2 TloarotoBuTh K padbore MeTamiorpaduuecKuii MUKPOCKOTI.

3 IloaroroBuTh 0OPA3ITHI CTANICH.

4 HccnenoBatb MHUKPOCTPYKTYpbl cTayieil. JlaTb KpaTKyr0 XapaKTEPUCTUKY

HCCICAOBAHHBIX CTPYKTYP.

Bonpocs! 1J1s caMOnpoBepKU
I CymHocTh XMMUKO-TEPMUUYECKOI 00pabOTKH, B UeM OHa?
2 Ha3HaueHMe U peKUMBbI LIEMEHTALAH.

3 Ha3HaueHue U peKUMBI OTKHUTA, 3aKaJIKH, OTITyCKa?
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4 Ha3BaTb pa3HOBUJHOCTH OTITyCKa.

5 Pacckazatp 0 nedexrax TepMooOpabOTKH.

Copepxkanue oTyera
OTyeT HOJKEH COAEPKATH:
-3CKU3bI UCCIIEJIOBAHHBIX CTPYKTYP U UX CXEMBI;
-KpaTKyIO XapaKTEepUCTHKY HCCIIEI0BaHHbBIX CTPYKTYD;

-BbIBOJBI.

Pexomenayemasi aureparypa

1 Anackun A.M., 3yes B.M. MarepuanoBeneHue u TEXHOJIOTHUS
MeTamioB.-M.: 1. JI. «DOPYM» UHDOPA-M,2017.

2 OpunnnukoB B.B. Meramnosenenue.-M.: 1]l « DOPYM» UHDPA-M,2017.

3 JlaxTun IO.M., JleonThEBA B.II. MarepuanoBenenue.-M.:
MarmmnocTtpoenue, 1990.

4 Kyspmun B.A. u gp. Texnonorus MeTamioB M KOHCTPYKIIMOHHBIC
Marepuaibl.- M.: Mamunoctpoenue, 1981.

5 Camoxonkuit AWM., Kynssckuii M.H. JlaGopaTopHble paboOTHI MO
METaJUIOBEICHU IO u TEPMUYECKOU 00paboTke MeTaJII0B.-M.:
Mammunoctpoenue, 1981.

6 HuTepuer-pecypc: rutor.info>torrent...adaskin...materialovedenie

books.academic.ru>book.nsf...

JlabopaTopHoe 3ansaTHe Ne/

Tema «MHUKpPOaHAJIU3 KOHCTPYKIMOHHBIX U HHCTPYMEHTAJIBHBIX CTAJICH,
crajieil ¢ 0co0bIMH CBOHCTBAMU

Hean padoThI
OO0yueHus :

— W3y4YEHUE MHUKPOCTPYKTYP KOHCTPYKUHOHHBIX W WHCTPYMEHTAJIBbHBIX

CTaJieH , CTaJICH U CIIAaBOB C OCOOBIMH CBONCTBAMM |
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- HAYYUTHCS CAMOCTOSITEIbHO MPOBOAUTH MHUKPOAHAIU3 CTaJeH
CIIJIABOB .\
- npuoOpeTeHne HaBBIKOB MCCIIEA0BATEILCKOU PabOTHI .
Bocnurtanus :
— BOCIIUTaHMs y CTYJEHTOB HHTEpeca K u30paHHou npodeccut ;
— OTBETCTBEHHOT'O OTHOIICHUS K BBIIIOJHCHUIO IOCTABJICHHBIX 3a7a4 .
Pa3Butns :
— yMmeHue paboTaTb B KONNEKTUBE UCMONHUTENEN .
3ananue

1. I3y4nTh MUKPOCTPYKTYPBl KOHCTPYKIIMOHHBIX U HHCTPYMEHTAJIBHBIX CTaJICH ,
cTajied ¢ 0COOBIMU CBOMCTBAMH .

2. 3apucoBaTh MUKPOCTPYKTYPBI M CXEMbI MUKPOCTPYKTYP .
3. JlaTh KpaTKyr0 XapaKTepUCTHKY UCCIETOBAHHBIX CTPYKTYP .
4. OhopMUTB OTYET.

MartepuajbHoe obecnevyeHmne

1. MetanmnorpadudecKkuii MUKPOCKOTI .

u

2. HaGop mukponumgoB B KOHCTPYKITMOHHBIX K HHCTPYMEHTAIBHBIX CTaJIeH ,cTanen

C 0COOBIMHU CBOMCTBAMH .

3. JIlnarpaMma cOCTOSIHHS JKEJI€30-1IEMCHTHUT .

KpaTkue TeopeTnueckue cBeI1eHN

K HuskoyrnepoauctsiM (LIEMEHTYEMBIM) CTaJIIM ,0THOCSITCSL CTalld  C

coaepxkanuem yriepoaa o 0.25 % - cramu 10 , 15, 20 , a Takxke JETUPOBaHHbBIC

Hampumep 151", 20X, 18XI'T, 20X2HYA , 20XH3A u 1p .

CTpyKTypa UX B OTOXOKEHHOM COCTOSIHUH (Qepput + nepnut (puc . 1,2)
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., 6 — CcXeMa MHMKDPO

MHuUKpOCTPYKTYpa CpeHeyI1epPoANCThIX CTaleil

K cpenneyrinepoIucTbiM CTajasiM OTHOCSTCSA CTaJM C COAEp>KaHUEM Yriepojaa
ot 0.25 % no 0.6 % - cranu 35 , 40 , 45, 50 , a Takke JIESTUPOBAHHBIE , HAIPUMEP
40X , 40XT , 40XTP ,30XT'CA , 45XHMA u np .HauGonee pacrpocTpanéHHOM
CpeIHEYTIIEPOUCTON cTabio sBisercs ctanb 45 (0,42 — 0,50 %) .
MUKpOCTpyKTypa CpeaHEYTJIEPOIUCTON CTalu mocje oTkura : Gepput + nepaut (

puc .3) , nmocyue yaydiieHus ( 3aKaJKd U BBICOKOT'O OTITyCKa ) — copouT (puc.4 )

KUiA OTOYCK — COPSUT. 7z
a. 6 - CXeMa MUKPOCTPYKTYPH.
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MuKpOCTPYKTYpa PecCOPHO- NPY:KUHHOM CTAJIH MOCJIe TePM000padoTKu

[ToBbiieHHbIM conaepkanuem  Mapranma ( 0.5 — 0.8 % ) , a yame
nerupoBaHHble ctanu Hampumep 651 , 60C2 , 50XI" , S0XDPA , 60C2XDA ,
60C2H2A u ap . Jlng nonydeHus: HanboJiee BHICOKOTO 3HAYEHUs Mpejielia yIpyrocTu
MPYKUHBI ¥ peccophl noABepraiot 3akayike ¢ 800 — 500 C ( B 3aBUCUMOCTH OT MapKu

CTaJIA ) C IIeJIbI0 00pa30BaHusl CTPYKTYPhI TPOOCTHUTA.

v

HWi OTOYCK - TPOOGTHT.
6 - cxeMa

MUKpOCTpYyKTypa HHCTPYMEHTAIBHBIX CTaIeH

MHuKpOCTPYKTYPa 3a3BTEKTOUIHBIX HHCTPYMEHTAJIbHBIX CTaJIeH

3a’BTEKTOU/IHBIC YTIIEPOJIUCThIE CTaIM OT Y9 no Y13 u jnerupoBaHHBIC
Hanpumep X , XBI' , 9XC u 1p , B OTOK)KEHHOM  COCTOSIHUM UMEIOT CTPYKTYPY
3epHUCTOTO TiepiuTa (puc . 6 ) , a mocie 3aKaiky B Boje ( yrIepoaUCThIX CTajiei ) u

B MacJie ( ISTUPOBAaHHBIX CTajeil ) — MapTeHCUT + Kapouabl (puc.7).
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MuKkpocTpyKTypa ObICTpOpexyLIeil cTaau

Haubonee  xapakTepHbIM U PacHpOCTPAHEHHBIMH  JIETHPOBAHHBIMU
WHCTPYMEHTAIBLHBIMU CTaJM SBIAIOTCS OBICTPOpPEXKYIIHE cTanmu , Hampumep P18 |
PO6MS u np .

B mmromM cocTositHMM CTpyKTypa OBICTPOPEXKYIIEH CTald COCTOUT U3
neneOypuTHON IBTEKTUKH , UMEIOIIEH « CKEIIeTOOOpa3HbI » BUA , U MPOJYKTOB

pacnaga ayctenuta (puc 8 ).
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Hanuuue B auTO# OBICTPOPEXKYIIECH CTaNN Je1e0ypUTHON SBTEKTUKH MPHUIACT
CTamum  Xpynkoctb. Jlnms  paspyimieHus  Je1eOypUTHOH  OBTEKTUKH  JIUTYIO
OBICTPOPEXKYIIYIO CTaJIb MOJABEPraroT 00paboTKe jgaBiaecHUEM ( IPOKATKE, KOBKE ) U
orxury . KoBka M3MEHSET CTpOCHHE OBICTPOPEKYIIEH CTaal IMOCiIe TPEXKPaTHOTO

otmycka rpu 550 C cocTouT u3 MapTeHcuTa u kKapouaos ( puc . 9 ) .

MuKpOCTPYKTYypa cTaJIell M CIUIABOB € 0COObIMU CBOMCTBAMH
K cransMm u crimaBaM ¢ 0COOBIMH CBOWCTBAMH OTHOCSITCSI CTAJIM KOPPO3UOHHO —

CTOWKHE , XKapOIpOuyHble ,MarHUTHbIE U Jp . [lo cTpykType cramu pasnaenstorT Ha

CJIETYIOIINE KIACCHI : IEPIUTHBIN , MAPTEHCUTHBIN , AyCTEHUTHBIN ,()epPUTHBIHA .
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Cranu MEPJAUTHOTO KJIacca

Ot cramu ( 15XM ,12XIM® u gp ) SBISIIOTCS KapONPOUYHBIMHU IIPH

temmneparype 400 — 550 C . Ilocne nopmanuzamuu npu 950 -1050 C nomyqaetcs

cTpykTypa Gepput — 0ernut (puc 10 ).

CTaJin MAPTEHCUTHOI0 KJIacca

Cramu storo kiacca (15X11M® ,40X9C2 u ap . ) >KapompouHbIE MpH
temriepatype 500 — 600 C u kopposzuonno — croikue ( 20X13 ,30X13 u ap . ).
[Tocne 3akanku B Macie ( win oxnaxzaeHus B Bo3ayxe ) ot 1000 — 1050 C ctpykrypa

—maptercut (puc 11 .).

VKTYDA

Crasu ayCTEeHUTHOIO KJiacca

K cramsam ayCTeHHTHOrO Kilacca NMPUHAIIEKNAT U3HOCOCTOMKas ctanb ['13J1

CTpyKTypa 3TOU CTaJH MMOCIE JTUThsl ayCTeHUT + n30biTounbie Kapouasr  (H e/3C)
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, BBIICIIONIMECS MO TpaHULAM 3€peH ayCTeHUTa . OTU CTaIM SBISIOTCSA
JKaporpouHbiMu  mpu  Ttemneparype 600 — 760 C  (45X14H14B2M
LA0X15SH7T7O2MC u ap .) u koppo3uoHHo- ctovikue ( 12418H9 , 10X141'14H3 u

np . ) . [loatomy nuteie uznenus 3akainuBatoT B Bojae ¢ 1100 C. Ilpu TakoM Harpese

KapOuUJIbl PACTBOPSIIOTCS U CTAJIb UMEET ayCTEHUTHYIO CTPYKTYpPY (pucl2 )

JCTEHMTHOT'O KAacca) . 3ak

a — MUKPOCTPYKTYypa 0 — cxemMa MUKPOCTPYKTYPbI
Cranu depputHOTO Kiacca
OTU cTanym SBISAIOTCS KOPpo3uoHHO — cTovikumu (12X17 ,08X17T , 15X26 u
ap. ) BbICOKOKpeMHUCTBIMHU ( 3-4 % ) TpacopuatopubiMu ( 33,94) . OHu He
MpEeTepIieBalOT Npu HarpeBe ( OXJAXKIEHUU ) M HMEIOT CTpYKTypy ( puc.13 )
KpYIHO3epHHUCTOTO ¢epputa Wi (Gpepputa ¢ HEOOJBIINM KOJUYECTBOM KapOHUI0B

Xxpoma ( B KOPPO3UOHHO — CTOMKHUX CTaJAX ) .

Ilopsinok BbINOJHEHUS] PA0OTHI

1. M3yuyuTb OCHOBHBIE TEOPETHUECKHUE TMOJOXKEHHUSI O MHUKPOCTPYKTYypax

KOHCTPYKIIMOHHBIX U HHCTPYMEHTAJIBHBIX CTaJIeH ,cTaieil ¢ 0COOBIMU CBOMCTBAMH.
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2. [logroroBuTth K pabote MeTamiorpapuyeckuii MUKpOCKOT .
3. IloaroToBUTH 00pa3Ibl CTANICH.
4. HWccnenoBaTh MHKPOCTPYKTYpbl cTaneil . JlaTh KpaTKyl0 XapaKTepHCTHUKY

HCCIIEIOBAHHBIX CTPYKTYP.

Bomnpocs! a1 caMonpoBepKH

1. Kak kmaccuumupyroTcsi CTaiau Mo Ha3HAUYCHHIO U CTPYKTYpE ?

2. Kakume T1peOoBaHMS  MPEABSABISAIOTCS K  KOHCTPYKUMOHHBIM U
UHCTPYMEHTAJIbHBIM CTAJISIM ?

3. T'me npumeHstoTcss LEeMeHTyemble cTtanu ? Ynydmaembie? PeccopHo-
IpYKUHHbBIE ?

4. Tne mnpumeHsIOTCS WHCTpyMEHTaNbHble cTanu ?Kak Mapkupyrorcs
MHCTpYMEHTaJIbHBIE (YTIEPOIUCTHIC ,JIETUPOBAHHBIE ,0BICTPOPEKYIIUE ) CTATN?

5. Kakue cranm oTHOCSTCS K CTalsiM ¢ OCOOBIMH CBOMCTBaMHU ?

6. ['ne mpumeHstoTCs CTaliu ¢ 0COOBIMU CBOMCTBAMH ?

7. Kak oOpabarbiBalOTCs IIEMEHTyeMbIE ,yJaydIllaeMble , PECCOPHO —

NPY>XKUHHBIC CTAIH ?

Coaep:xxanue oTuera

OTuer I0KEH COJIePKATh :
- DCKU3bI UCCIIETOBAHHBIX CTPYKTYP U UX CXEMHBI ;
- KpaTKyI0 XapaKTEPUCTUKY UCCIEAOBAHHBIX CTPYKTYD ;

- BBIBOJBI .

Pexomenayemasi aureparypa

1 Apackun A.M ,3yeB B.M. MarepuanoBeieHUE U TEXHOIOTUS MATEPUATIOB .-
M.: U] «POPYM-UHDPA-M»,2017.

2 OBunnHUKOB B.B. Metaimoeaense —M.: 1] « ®OPYM — UHD®OPA-M»y,
2017.
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3 Jlaxtun KO.M , JleontrseBa B.I1. MarepuanoBenenne. — M.:
Mammnnoctpoenue, 1990.

4 KyspmuH B.A. n.1p. TeXHOIOTHS METANI0B U KOHCTPYKIIMOHHBIE
Marepuaisl —M.: MammuHocTpoenue ,1981.

5 Camoxouxuit A.U ,Kynsasckuit M.H. JIlaGopaTopHbie paOoThl 10
METaJNIOBEJIEHBIO U TEPMUYECKHE 00padOTKH METAIIOB .-M.:MamuHocTpoeHue,
1981.

6 Wurepnet — pecypc :

rutor.info>torrent...adaskin...materialovedenie.books.academic.ru>book.nst...

JlabopaTtopHas padora Ne8«MmukpoaHaan3 4yryHOB»
IIpomosxuTebHOCTH PadOTHI- 2 yaca
eab padoThI
OO6yueHus:

- U3YYUTh CTPYKTYPY CEPBIX, IOJIOBUHYATHIX, BBICOKOIIPOYHBIX U KOBKHX
YYT'YHOB;

- YCTAHOBUTH CBSI3b MEXKIY COCTABOM CILJIaBa, YCIOBHUSIMHU €r0 MOIYYEHUS
U CTPYKTYPOH.

Bocnuranus:

- BOCIIUTAaHUE Yy  CTYAEHTOB  3HAYUMOCTH  MPO(ecCHOHATBHBIX
IIPAaKTUYECKUX HABBIKOB;

- YyBCTBO OTBETCTBEHHOCTH 3a KAYECTBO BHIMIOJHEHUS padoT.

PazButus:

- yMeHMs paboTaTh B KOJUIEKTUBE UCIIOJHUTEIEH.

3ananue
1. 3yuuTh CTPYKTYpy CEpBIX, MOJOBHHYATBHIX, BBICOKONPOYHBIX M KOBKHX

YyT'YHOB.

2. 3apucoBaTh UCCIEIOBAHHBIE MUKPOCTPYKTYPBI U CXEMbI MUKPOCTPYKTYD.
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3. YCcTaHOBUTH CBS3b MCXKY COCTaBOM CIlJIaBa, YCJIIOBHSMMH €TI0 ITOJIYUCHHA U

CTPYKTYpOH.

4. OdbopMuUTh OTYET

MarepuanbHoe odecniedyeHue
1 Metamrypruyeckuii MUKpPOCKOII.
2 HaGop mukpouuindoB cepbiX, MOJOBUHYATHIX, BHICOKOMPOUYHBIX M KOBKHX

YYT'YHOB.

3 JII/IarpaMMa COCTOAHUA KCIC30-ICMCHTHT.

KpaTkue TeopuTHUecKHe CBeIeHUSI

B cepbix 4yryHax yriiepoj NpPUCYTCTBYET B BHAC TpaduTa IUIACTHHYATOM
dopmbl. Ha BeawuwHY M pacrmoyioKCHHE BKIFOUYCHHN rpaduTa BIUSIOT CKOPOCTh
OXJIAXKICHHS, TEMIlepaTypa M BpeMs BBIICPKKH PACIUIaBICHHOTO YyryHa TMepe
OTJIMBKOHM, XUMUYECKUI COCTAB UyryHa, BBEJCHHWE B UYT'yH HEKOTOPHIX MpUMecei
(MmommudukatopoB). Hampumep, rpadur obOpazyercs TeM KpyIHEe YeM, MEIJICHHEe
OXJIXKICHHE M YeM MEHBIIE ITEPETPEB JKUAKOTO YyTYHA U MEHBIIE BPEMs BBIICPIKKH
TIPH STOM.

MHUKpPOCTPYKTYpa cepbiX YYI'yHOB.

Merannuyeckasi OCHOBa B CEPbIX UyT'YHaX OYEHb CXOJHA C MUKPOCTPYKTYpPO
CTaJieli B 3aBUCHUMOCTM OT KOJIMYECTBA CBA3aHHOTO YIJIEpOJa MOXKET ObITh

bepputHOl, GEepPUTHO-TIEPIUTHOMN U TIEPIUTHOM.
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Puc. 1- ®epputHblii cepbiii 4yryH — GeppuT + MIACTUHYATHIN TpadurT:
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a - MHUKPOCTPYKTypa, 0 — cxeMa MUKpPOCTPYKTYPBI.

Puc. 2- ®eppUTHO-NIEPAUTHBIN UyTYH — GEppUT + MEPIUT + MIACTUHYATHIA rpauT:

a - MHUKpOCTPYKTYpa, 0 — cxemMa MUKPOCTPYKTYpHI.

Puc.3- [lepauTHBIi cepblid YyTYH — NEPIUT + IJIACTUHYATHII rpa(bHT:

a — MUKPOCTPYKTypa 0 — cxeMa MUKPOCTPYKTYPHI.

Takum 00pa3om, BO3MOXKHBI CIEAYIONINE THIBI CTPYKTYP CEpPHIX YYT'yHOB:
dbepput + macTuHYATHIN Tpadut - depputHbIi cepwiif uyryH (puc. 1), deppur +
MEPJIUT + TUIACTUHYATHIA TpaQuUT — (EeppUTHO- MEPIUTHBIA Cephii UyryH (puc.2,
COOTHOIIICHHE KOJMYeCTBa (eppuTa U MEepiIuTa B CTPYKTYpE YyryHa MOXKET OBITh
pPa3IMYHBIM B 3aBUCHUMOCTH OT XMMHUYECKOTO COCTaBa M YCIIOBHM OXJIAXKIEHUA);

MEPJIUT + MIACTUHYATHIN TpaduT — NEPIUTHBIN cepblil UyryH (puc.3).
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Puc.4- Cepslii uyryH ¢ GpocuaHOi IBTEKTUKON - TEPIUT + MIaCTUHYATHIN Tpadut

+ DBTEKTHUKA, pacnojararomaacs 1moJITHOCTbIO UJIIM YaCTHYHO I10 I'paHrIlaM 3€PCH.

MHuUKpOCTPYKTYPA NOJOBHHYATHIX YYyT'YHOB.

B MONOBMHYATHIX YyTyHax YIJIEPOA COJCPKHUTCS KaK B BHUJAC TNECPIUTHOM
CTPYKTYPBl METaJUIMYECKOH OCHOBBI, TaK W B CBOOOJHOM BHjae rpaduta. Eciau
KOJIMYECTBO CBS3aHHOTO YTJEpOJa HE3HAYUTEIBHO TIPEBHINIACT 3BTEKTOHIHYIO
KOHIICHTpAIINIO, TO METa/UIMYecKasi OCHOBA COCTOMT W3 TEPIUTa W BTOPHYHOTO
IIeMeHTHUTa (pHUC. 5), T.€. aHAJTIOTUYHA CTPYKTYpE 3a9BTEKTOUTHOM CTaIIH.

Ecimn  xonmmdecTBO  CBS3aHHOTO  yIyiepoja 3HAYWTEIHHO  TPEBBIIIACT
IBTCKTOUHYIO KOHIICHTPAIMIO, TO B MPOIIECCe MEPBUYHON KPUCTAIUTH3AIUN TyTYHA
Mociie  BBIJCICHHUS HEKOTOPOro KOJWYecTBa TIpadura dYacTUIHO 0oOpa3oBalics
nene0yput (IIEMEHTUTHASI SBTEKTHUKA) M CTPYKTypa META/UIMYECKON OCHOBBI OyIeT

nenedyput + nepaut (puc. 6.)

5- llomoBUHYATBHIH YYryH — NEpPJUT + I[EMEHTUT (BTOPUYHBINA) +

IJIACTUHYATHIN TpaduT: a — MUKPOCTPYKTYypa, O — cXeMa MUKPOCTPYKTYPHI.
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Puc. 6- [lonoBuHYATHIN YyTyH — JIeeOYpPUT + MIACTUHYATHIN TpaduT:

a — MUKPOCTPYKTYpa , 0 — cxeMa MUKPOCTPYKTYpHI.

MHUKPOCTPYKTYpPa BHICOKONIPOYHBIX YYTYHOB.

B BBICOKONPOYHBIX YyryHaX MOTYT OBITh T€ K€ THUIIbI CTPYKTYpP, KOTOpPbIE
OBUTM yKa3aHbl ISl CEPhIX YYTYHOB, HO TpaduT B 3THUX YYryHaX IIapOBUIHBIN.
Takum 00pa3oM, BO3ZMOXHBI CIEAYIOIIUE THUIIBI MUKPOCTPYKTYPBI BBICOKOIIPOYHBIX
YyT'yHOB: (eppuT + MapoBUIHBIN Tpadut - GEeppUTHBIA BBICOKOMPOUYHBIN UYT'yH
(puc. 7), deppur + mnEpAUT MAPOBUIAHBIN TpaduT - QEeppPUTHO-TIEPIUTHBIN
BBICOKOIIPOYHBIA 4yryH (pHUC.8, COOTHOIIEHHWE MEXKIy KOJWYeCTBOM deppura u
MepJIuTa B BHICOKOTPOYHOM YYT'yHE MOXKET OBITh Pa3IMYHBIM B 3aBUCHMOCTH OT
XUMHYECKOTO COCTaBa M YCIOBUH OXJAXKJCHHS, MEPIUT + MIAPOBUIHBIN Tpadur -

MEePIUTHBIN BEICOKOTIPOYHBINA YyTyH (pHC. 9).
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Puc. 7- ®epputHblii BBICOKONPOYHBIM 4YyryH - (eppurT + MAapOBUAHBIN

rpaduT: a— MHUKPOCTPYKTYpa, 0 - cxemMa MHUKPOCTPYKTYpHI.
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Puc. 8- ®eppuTHO - NEPIUTHBINA BHICOKOIIPOUHBINA UYTYH - (GEppUT + MepauT+
IapOBUIHBIN rpaduT:

a — MUKPOCTPYKTYpa, 0 - cxema MUKPOCTPYKTYpHI.
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Puc. 9 -llepnuTHblli  BBICOKONMPOYHBIA YYyTyH — MEPJIUT + IIAPOBHUIHBIN
rpaduT: a- MHUKPOCTPYKTYpa, 0- cxema MUKPOCTPYKTYPHI.
MHuUKpOCTPYKTYpPa KOBKHX YyT'YHOB.

B koBKOM dyryHe yriiepona COIEpKHTCS B BUAE TIpaduTta XJIOMBEBHUIHOMN
dbopmbl. MeTammuveckass OCHOBa KOBKOTO 4YyryHa MOXET OBITh (EeppuUTHOM,
(beppUTHO-TIEPIUTHON W TIEPIUTHONH. B COOTBETCTBHM C 3TUM pPa3IUYarOT KOBKHMA
gyryH ¢epputHbiii (puc. 10), bepputHo- nepiutHbIi (puc. 11) u nepnmutHbIi (puc.

12).
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Puc. 10 -®@eppuTHbIii KOBKUU YyryH - (heppuT + XJIONbEBUIAHBINA FPAPUT:

a - MUKPOCTPYKTYpa, 0 - cxema MUKPOCTPYKTYPBI.

YA Toet 5 g #30uk
3 VPP 2 S
BE ©rend g <Y

Puc. 11 -depputHO-TIEPIUTHBIN KOBKUN YyTYH - (epPUT + MEPIUT +
XJIOTTBEBUTHBIN rpaduT:

a - MMKPOCTPYKTYpa, 6 - cxema MUKPOCTPYKTYpbI.

Puc. 12- NepAnTHbIA KOBKUM YYTYH - NEPAUT U XNONbEBUAHbIN rpaduT:

a- MUKPOCTPYKTYpa, 6 - cxema MUKPOCTPYKTYpbl.

IHopsinok BbINOTHEHUS PA0OTHI
1. M3y4uTh OCHOBHBIE TEOPETUUYECKHE MOJIOKEHUS O MUKPOCTPYKTYPAX CEPBIX,
ITOJIOBUHYATBIX, BBICOKOITPOYHBIX U KOBKHUX YyT'YHOB.

2. IloaroroButh K paboTEe METALINYSCKUH MHKPOCKOTI.



3. [loaroToBUTH 0OPA3LBI CEPBIX, TOJOBUHYATHIX, BRICOKOMPOUYHBIX U KOBKHX
YyI'YHOB K IIPOBEACHUI0 MUKPOAHAJIN3A.

4. UccnenoBaTb MUKPOCTPYKTYPBI CEPBIX, MOJOBUHYATHIX, BRICOKOMPOYHBIX U
KOBKHMX YYyI'YHOB.

5. YCTaHOBUTH CBSI3b MEX]y COCTABOM UYT'YHOB, YCIOBHUSIMHU MX MOJIYUYEHUS U
CTPYKTYpOH.

Bonpocsl 1yis camonpoBepku

1 KaKoM 4yryH Ha3biBaeTcAa cepbim?

2 KaKoW YyryH Ha3blBaeTcAa KOBKUM?

3 KakoM 4yryH Ha3blBaeTCA BbICOKONPOYHbIM?

4 KaK mapkupyeTca cepblii, KOBKMM U BbICOKOMPOYHbIN YyryHbl?

5 Yem OTAMYAOTCA MexaHW4YeCKMe CBOMCTBA CEPOro, KOBKOFO M BbICOKOMPOYHOIO
yyryHa?

6 KaKkoBO BIMAAHME METaNIMYECKOM OCHOBbI U pa3mepa rpaduToBbIX BKAOYEHWNI Ha

CBOMCTBA YyryHa?

Coaepxanne oryera

9.1 Kparkue TeopeTrudeckue CBeACHUSI O CTPYKTypOOOpa30BaHUH YyT'YHOB.
9.2 DcKu3bI UCCIIEIOBAHHBIX CTPYKTYP U UX CXEMBI.

9.3 CocraB ucciaea0BaHHBIX CTPYKTYP.

9.4 BriBon.
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M,2015.
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