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BBEAEHHUE

3amaHus Ha KOHTPOJIbHbIE PA0OTHI COCTABJIEHBI B COOTBETCTBUM C MPOTrpaMMOi,
yTBep)kaeHHOU 25.05.2017 r. 3am. nupekTopa kosuteaxa no Y MP.
[IpenycMOTpeHO BBINOJIHEHHE | KOHTPOIBHON paboThI.
Ha koHTposbHyt0 padoty nano 10 BapuaHTOB.
Bri6op BapuaHTa 10KEH COOTBETCTBOBATH MOCIIEAHEH udpe mudpa.
Ecin HOoMep mmdpa okaHUMBAeTCS HYyJEM, CIEAYeT BBINOJIHATh JAECATHIN
BapUaHT.
B pesynbrare ocBoeHUs1 yUeOHOM AUCHUIIIMHBI O0yUYaIOIIUIICs TOKEH YMETh:
— pacrno3HaBaTh U KJIACCU(PUIMPOBATh KOHCTPYKIIMOHHBIE U CHIPbEBBIE MAaTEpPHAJIbI
[0 BHEIIHEMY BUJY, IPOUCXOXKACHHUIO, CBOMCTBAM;
— OIpEAeNATh BUABI KOHCTPYKIMOHHBIX MaTEPUAJIOB;
— BbIOMpaTh MaTepuanbl s KOHCTPYKIMM IO MX HAa3HAYEHUIO U YCJIOBHSM
JKCILTyaTaluu;
— MPOBOAUTH UCCIIEIOBAHUS U UCIIBITAHUS MAaTEPHAIIOB;
— paccuuThIBaTh M HA3HAYaTh ONTHUMAJIBHBIC PEKUMBI PE3AHUS.
B pe3ynbrare ocBoeHUs yUEOHOHN NUCHUIUIMHBI O0YUYaOLIUICS 10JKEH 3HATh!
— 3aKOHOMEPHOCTH IIPOLECCOB  KPUCTALUIM3ALMU U CTPYKTypoOoOpa3oBaHMs
METAJIJIOB U CIUIAaBOB, OCHOBBI UX T€PMOOOPAOOTKH, CIIOCOOBI 3aIUTHI METANIOB
OT KOPPO3UHU;
—  KJaccU(UKALMIO U COCOOBI MOTYUYEHUsI KOMIIO3UIIMOHHBIX MATEPUAJIOB;
— MPUHLMNBL  BbIOOpAa KOHCTPYKIIMOHHBIX MAaTEpUaloOB [Isi TMPUMEHEHHUS B
POU3BOJICTBE;
— CTpPOEHHUE U CBOICTBA METAJJIOB, METOJIbI UX UCCIEAOBAHUS;
— Kjaccu(UKaIMo MaTepUaioB, METAJUIOB U CIIJIABOB, X 00JIACTH IPUMEHEHUS;

— MCTOAUKY pacucTa M HASHAYCHUA PCKUMaA PE3aHU AJIA PAa3JIMIHBIX BUA0B pa60T.



1. O0mme MeTOAUYECKHE YKA3AHNS 0 BbINOJHECHUI0 KOHTPOJIbHBIX PadoT

1. BrinonHenne KOHTPOJBbHOM paboThl CleAyeT HauuHATh C HW3Y4YEHUs
METOANYECKUX YKA3aHUM.

2. Beibop BapuaHTa 3amaHMs Ha  KOHTPOJIbHYIO  paboOTy  JOJDKEH
COOTBETCTBOBATh NocieAHel udpe mudpa yqamerocs.

3. Ecnu B nanHOM y4eOHOM oy MpOHU30ILIN U3MEHEHHUS B COJEPKaHUN UITU
KOJINYECTBE paboT, TO CTYIEHTHI, OCTaBJIEHHBIE HA BTOPOI1 r0J1, BCE paOOThHI BHITOIHSIIOT
3aHOBO, COTJIACHO HOBOW y4€OHOM JTOKYMEHTAIIUH.

4. OTBeThl Ha BOIPOCHI KOHTPOJBHOW pabOThl JAlOTCs B 00beMe MaTepuaia,
U3JI0)KEHHOTO B PEKOMEHJOBAHHOM JJI1  BBIIOJIHEHUS KOHTPOJBHOM  pabOThI
JUTEPATYPE.

5. Pexomennyercss cHayana BHMMATEIbHO IPOYMTATh BOIIPOC 3aJaHUSA
METOAUYECKUE YKa3aHUs IO €ro BBIIOJHEHUIO, a 3aTeéM B PEKOMEHIOBAHHOU
JUTEpaType HAUTH COOTBETCTBYIOIIMM MAaTepuall, IIOCIE YEro CJIeAyeT IIOBTOPHO
IPOYUTATh BOIPOC U YOEIUTHCA B COOTBETCTBUU HAlJIEHHOTO MaTepHaIa.

6. Ecny BO3HUKHYT 3aTpylHEHHUS B MOHUMAHUM KaKOTO-IMOO BOMpOca WM
OTBETE€ Ha HEro, cleAyeT OOpaTUThCS 3a YCTHOM KOHCYJbTalMEH K IMPEnoJiaBaTelio
yueOHo-koHcyapTaTuBHOrO nmyHkra (YIIK) mnu nanucars B Koiemk ¢ npocb00il 1aTh
IMCBMEHHYIO KOHCYJIBTALUIO.

7. OTBeTsl Ha BOINPOCHI JOJDKHBI KOHCIIEKTUBHO, TO €CThb KpaTKo, HO
IIOJIHOCTBIO M3JIaraTh MATEpHUAJ, IIOMEIICHHBI B PEKOMEHIOBAHHOW METOJIHYECKUMH
YKa3aHUSIMU JIUTEPATYPE

Mosker ObITH MCHOJIB30BaHA M JApYyTas JUTEpaTypa, HO OTBEThl Ha BONPOCHI
3a7aHusl JTOJDKHBI OXBATUTh MAaTepuall, IO COAECPKAHUIO HE MEHBIINKW JaHHOTO B
PEKOMEHJOBAHHOU JIUTEpaType.

Bces pacuerHas yacth pabOThI BBIMOJIHSAETCS MOJHOCTHIO. Henb3s naBaTh TOJIBKO
OTBETHI.

8. OTBeTbl Ha BOIIPOCHI PEKOMEHJyEM CHaudaja IHCaTb Ha YEPHOBUKE, U

TOJIBKO ITOCJIC BAYMYHBOI'O pCAaKTHUPOBAHUA IIEPEIIUCATb B TCTPadb,



9. Bonpockl u 3a1auun KOHTPOJIBHOW pabOThI MEPENUCHIBAIOTCS MO-MIOPSAIKY,
IIOJIHOCTBIO U ITOAYEPKHUBAIOTCA.

10.  Ha kaxxnplii IepenrucaHHbIi BOIPOC Cpa3y K€ JAaeTCsl OTBET

11. Ilocnme kaxIoro OTBETa Ha BOMNPOC OCTABIAETCS HE3aAlOJIHEHHOE
MIPOCTPAHCTBO, a B KOHIIE pa00Thl — 1-2 CTpaHUIIBI 7Sl PELICH3UU.

12.  KonrtposbHas paboTa A0KHA ObUIbL HaMCaHa Pa300OpYMBO U BBIIIOJIHEHA
aKKypaTHO.

13.  UYeprexu, auarpaMMmbl, CXeMbl, TpadUKH, PUCYHKH BBIIOJHSIIOTCS
KapaHJalloM WM TYLIBIO Ha OTIEIbHOM JIMCT€ HEJIMHOBAHHOM Oymaru (HO HE Ha
KaJgbKe WM MUUIMMeTpoBke) B coorBeTcTBUU ¢ ECK/I 1 ¢ mpuMeHeHneM 4epTexHbIX
MHCTPYMEHTOB (LIMPKYJb, JIMHEHWKA U T.[.), @ 3aT€M BKJIECUBAIOTCS WIN MOJIINBAIOTCS B
TEKCT OTBETA, HO HE B KOHIIE TETPAH.

Hannucu penarorcss deprexkHbIM  1mpudToM. YepTexu, BBINOIHEHHBIE Ha
OTIENBHBIX JHCTaX MO pa3MepaM, MpeBbIIAIIUM (opMaT TETpaau, CKIAIbIBAIOTCS
TaK, YTOObI OHU HE BBIXOJIUIIU 3a €€ Kpakl.

14. B koHue palOoOThl JaeTcsi MEepPEeuYeHb HCMIOJIb30BAHHOW JUTEpPaTyphl C
yKa3aHUEM I'0Jla U3JaHus, CTABATCS IMOJIUCH, 1aTa BHITOJIHEHMS.

15. TIlocne BbIMOIHEHHS PabOTHI CIEAYET IMPOBEPUTh: IMOJHOCTHIO JIM OHA
COOTBETCTBYET TPeOOBaHUS METOAMUYECKUX YKa3aHUM.

16.  BrlcmaHHasg W3 KOJUIEA)KAa HaKJIEWKa IOMEIIAETCs Ha JIMIEBOW CTOPOHE
00JI0KKH KOHTPOJBHOU paboThl. CieayeT 3aloHUTh BCe €€ rpadbl, 32 HCKIIOUYEHUEM
Kacaroluxcs perieH3upoBaHus (paMuinu mpernoaaBaTessi, OLEHKH, JaThl U MOAIMKICH),
WMs 1 OTYECTBO CTYAEHTA MUILYTCS OJHOCTBIO.

17. B He3au€THOIl paboTe OTBETHI AOPAOATHIBAIOTCA HAa OCTABLIMXCSI YHMCTBIX
JUCTaxX, Mocje J0padOTKU KOHTPOJIbHAsI pab0oTa BRICHUIAETCS Ha PELEH3UIO.

Ecnu, cornacHo penieH3uu, He3au€THasi KOHTPOJIbHAs paboTa JoJKHa ObITh BBITOJIHEHA
MIOBTOPHO WM 1O JPYrOMYy BapuaHTy, TO OHa BBICBUIAETCS BMECTE C BHOBb
BBINIOJTHEHHOM Ha MTOBTOPHYIO PELICH3UIO.

18. PaboTbl, BBIIOJIHEHHbIE HE B COOTBETCTBUU C  TpeOOBaHUSIMU

METOJIMYECKUX YKa3aHUW Wi O0e3 yuera yKa3aHuM, JaHHBIX B PELEH3MSIX 10

npeAbI Ay IIUM pa60TaM, HE 3a4UTBIBAKOTCA.



19.  OtBeThI HAa BOMPOCH KOHTPOJILHOM PabOTHI JAIOTCS B 00bEME MaTEPUATIOB,
U3JIO)KEHHBIX B YKAa3aHMSIX M B PEKOMEHJIOBAHHOW B TMOSCHUTEIBHOM 3ammcke

JUTEparype.

2. Meroanuyeckune yKa3aHUH 10 BHINIOJHEHHUIO KOHTPOJIbHOM PadoThI

OTBeTHl Ha TeopeThudeckue Bompockl 1, 2, 3, 4, 5, 6, matoTCsi B COOTBETCTBUU C
PEKOMEHIyEMOU JIMTEPATYPOr

CenbpMoil BOIpoC UMEET AECATh BapUAaHTOB. B 0TBeTe HA KaXXIblid U3 BApUAHTOB
TpeOyeTcs HAYepTUTh AUArpaMMy COCTOSTHHUS KeNIe30-yTiiepojia U MOCTPOUTh KPUBYIO
OXJIQXKIEHUS CIUJIaBa C 3aJaHHBIM COAEPKAHUEM YIJIEpOAAa IPU €ro MEIJIEHHOM
oxuaxnaeuun ot 1600 mo 0° C.

Onucath npeBpalieHus, IPOUCXOSAIINE B CIJIaBe, U CKOPOCTU €r0 OXJIAKIEHUS
Ha KaXJIOM Yy4YaCTKe KPHUBOW; MOCi€ Yero AaTh ONpPEAEIEHHE BCEM O0pa3yroluMcs
CTPYKTypam.

Juarpamma JOJKHa OBITh Hayepuy€Ha B COOTBETCTBUM C IYHKTOM 16 o0mmx
METOAMYECKUX YKa3aHud Ha Jsmcte pasmepom 204*334 wmm, paBHOM dopmary
Pa3BEPHYTOU TETPAIH,

JunarpaMmma 4epTUTCS MOJTHOCTBIO, KaK Ha pUC 1., C yKazaHUEM CTPYKTYp BO BCEX
ee 30Hax u B Macimrade: 1o Beptukanu B 1 cv — 100° C u o ropuzoHTanu B 2,5 cM —
1% yrnepona.

O06o03HaueHHsT CTPYKTYP B 30HAX JAMArpamM JIOJHKHBI OBITh BBIMOJHEHBI TaK K€,
KaK 3TO IOKa3aHO Ha pHC. | MeTonMuYecKkux YyKazaHui. [[ns KpuBOW OXJIaKICHMS
MaciiTad Mo BEPTUKAIU TOT K€, YTO W IS JUarpamMmbl, a M0 TOPU3OHTAIH (BpeMsl B
CEKYHJ1aX) BBIOMpAETCA C pacueToM, YTOObI KpUBasi IOMECTUIIACH CIIpaBa OT AUArpPaMMbI
Kak 3TO MOKa3aHo Ha pucyHke l. TeMrepaTypbl Ha KpUBOUW OXJIAKJICHHS MOKPBIBAIOTCS
B Irpajycax, a He OyKBaMU WU Iudpamu.

[Ipu oTBeTe Ha BOIIPOC 7 PYKOBOJCTBYMTECH CIAEAYIOLINM IIJIAHOM:

1. BeIuepTUTh MOJHOCTBIO IUAarpaMMy COCTOSIHHS KEJIE€30-yIJIEpOkd, CIpaBa OT
HEEe CHUCTEMy KOOpJIMHAT (TeMmrepaTypa — Bpems) Ui TOCTPOCHUS KpPUBOM

OXJIAXKACHUA. ITo ocu «BpPEMI» III/I(prI HC CTaBATCH, T. K, 9Ta KpHUBaA CXCMaTHUYCCKasl.



2. Ha ropu3oHTanbHON OCH COJAEpPX AHUSI KOMIIOHEHTOB OTMEYAEM 33JaHHYIO
KOHILICHTPAIIMIO yIJIepoJa M 4Yepe3 Hee NPOBOJAMM BEPTUKAIbHYK JIMHUIO,
MEPECEKAOIIYI0 BCE JIMHUU JMarpaMMbl, TOYKM TepecedeHus: oTMedyaeMm (Hampumep,
ToukaMu). B KaxIoil Takoil TOuke B CTPYKType CIUIaBa IO MeEpe OXJIaXKICHUs
MPOUCXOAUT KaKoe-TuOO MpeBpanieHue. Yepes Kaxayl0 OTMEUEHHYI0 TOYKY BeleM
HaIlpaBO TOHKYHIO (WJIM NMYyHKTUPHYIO) TOPH30HTaIbHYIO JMHUIO. [Ipecedenue 3Toi
JIMHUU C BEPTUKAIBHON OCBIO MOKAKET TEMIIEPATypPy COOTBETCTBYIOIIETO IPEBPAILECHHUS
B crutaBe. [loaToMy Ha KpuBOW OXJaxaceHUs OyJeT TOYKa W3MEHEHHS HAKJIOHA WIIN
TOPU30HTAJIBHBIN YYaCTOK.

3. Ecin nuHMA 3amaHHOrO coctaBa nepecekaer JmHuioo AC/] nuarpammbel —
JUKBUZIYC, T€ MPOUCXOAUT IMEPBUYHAS KPUCTAJUIM3ALMSA U3 KUIKOTO COCTOSIHHS, TO
OXJIQXKIECHUE 3aMEIJIACTCS, M KpHUBas OXJaXICHUS HI)KE JaHHOM TEeMIIepaTypsl
CTaHOBUTCS 00JIee TOJIOTOH.

4. Ecnu nuHusa coctaBa nepecekaer auHU0 GSE (BTopuyHas KpucTauin3aims),
/1€ MPOMCXOIUT BbIICIIEHNE U30BITOYHOM TBEPAOH (Pa3bl, TO OXJIAKICHUE 3aMEIIAETCA,
U KpHUBas OXJIKIACHHS HIKE TaHHOM TeMIlepaTypbl CTAHOBUTCS BCe O0JIEe MOJIOT oM.

5. Ecnu nuamsa 3agaHHoro coctaBa mnepecekaer juHi0o ECF (3BTekTHUecKoro
nenebyputHoro mpeBpamienus) npu 1477° C wmm nuauto PSK  (9BTEKTOMIHOTO
NepJUTHOrO mpeBpamieHusi) npu 727° C, To Ha KPUBOM OXJIAXIACHUS TMPU JAHHBIX
TeMIiepaTypax o0s3aTeIbHO Oy1eT TOPU3OHTAIBHBIN YYacTOK.

6. Ha yuactke AE nuHuSA colMIyC NpU ayCTEHUTHOM IIPEBPAILICHUM CIIJIaBa
JanbHEHIIe KpUCTaUIM3alli HE MPOUCXOINUT, U MOATOMY KPHUBas OXJIAXKICHUS HUKE
ATUX TEMIIEPATypP CTAHOBUTCA 00Jiee KPyTOM, T.K, OXJIAXKACHUE 3aMEISIETCS.
PaccMoTpuM mpumep OXJaxAeHUs CIulaBa (3a3BTEKTOMIHOM CTalu), COAEPKAILEro
1,4% yrnepona.

B unrepBane temmeparyp ot 1600 go 1470°C cmaB XUAKUA U OXJIaXKIAETCS
OBICTPO, T.K, TPEBpAIICHW B HEM HE MPOUCXOJIUT, KPHUBAsS OXJIAKICHHUS KPYTO
OITyCKaeTCsl BHU3.

ITIpu 1470°C na nuaun nukBuayc AC HauMHAETCA TMEPBUYHAS KPUCTAILIA3ALIMSL.

3 KUIOKOTO CIlJIaBa (B JaHHOM HpI/IMCpe) BBIACIIAIOTCA M30BITOYHBIE IO OTHOIICHUIO K



OBTEKTUKE KpUCTAJUIBI aycTeHUTa 1103TOMy CKOpOCTh OXJIaXKIAECHUS 3aMelsiercs, T,K,
BBIJICIIACTCS CKPBITAs TEIJI0Ta KPUCTAJUIM3ALUN.

[Iponecc xpucrammuzanuu a0 temreparypsl 1300°C na mmaun AE. B naTepBane
temneparyp ot 1300°C mo 900°C kpucTtaminszauus HE NPOUCXOAUT, TBEPIABINA CIUIAB
UMEET CTPYKTYpYy ayCTEHHUTA.

CmiaB oxjaxaaeTcs ObICTpee, U KpUBas OXJIAKJICHUS (CM. MYHKT 6) CTAaHOBUTCS
Kpyue.

[Ipu Ttemneparype 900-727°C na sumHuum SE HauumHaeTrcss BTOpUYHAA
kpuctaumzauus.B  untepBanie temmneparyp 900 — 727°C w3 aycreHuTa
KPUCTAJUIU3YETCSl LIEMEHTUT BTOPWUYHBIM,  BBIAEISIETCS TEIUIOTA KPUCTAJUIM3ALUU.
OxJnaxeHre 3aMeuIsieTcs, U KpuBasi CTAaHOBUTCS OoJiee OJIOToil.

[Ipu 727°C nuHus coctaBa mepecekaeT JuHuio PSK, u cmmaB mpuoOperaet
ABTEKTOUJHYIO KOHIIEHTpAlMI0. AYCTEHUT IMpeBpaliaeTcss B MEpPIUT, HPOUCXOIUT
ABTEKTOUJIHOE — MEPIUTHOE NpeBpamleHne. Ha KpuBoW oxnakaeHust (CM. IyHKT 5)
oOpa3yeTcs TOpU3OHTANbHBIN y4yacTok. Hmke temmneparypsl 727 °C CTpYKTYpHBIX
MPEBPAILCHHI HE IPOUCXOAUT, U CIJIAaB HAYMHAET MEJIEHHO OXJIaXX/1aThCs.

OkoHuaTenbpHas CTPYKTypa JaHHOI'O CIIJIaBa — IMEPJIUT U LEMEHTUT BTOPUYHBIN.
Janee naroTcs ONUCAaHUS IIOJYYEHHBIX CTPYKTYp (B JAQHHOM Cllydae MepiuTa H
BTOPUYHOI'O LIEMEHTHUTA).

ITo Bompocy 8 BKIIFOUEHO 1€CATh BAPUAHTOB, KaXK/IbI M3 KOTOPBIX IPEACTaBISAET
3aJJaHUE Ha TEPMUUECKYI0 00pabOTKy JieTaneil, IpUBEIEHHBIX B Ta0IMIle 3a 3a/1aHus.
Hanpumep, Ha Bompoc: «YKaxuTe Ha3HAUCHHUE, ONpENesuTe TeMIEepaTypbl Harpena,
MPOJIOJKUTENBHOCTh HArpeBa M OXJIAXAAIOUIUME CPEeIbl JUIsl OTKUTa, HOpMaJu3alluH,
3aKaJKW U OTIYCKa 3aJaHHOM aeranu». OTBET AOJKEH ObITh JaH 1o ¢opme Tadn. 1A,
I IPUBEIEH ITPUMED U1l MapKu cTain Y 12 ¢ TommumHon aeranu 20 M.

Bunbr TepMo006paboTKH — OTXKUT U HOpMaIHM3aIMs 3aloJIHEeHbI s mpuMepa. [1o
TaKOMY NMPUHIUITY JOKHBI 3aIIOJHATHCS BCe Tpadbl TAOIUIIBL.

Ha3nauenne TepMo0oOpaOOTKM — OTKUT W HOpPMaJIM3alMs 3aroiIHEHbl IS
npumepa. [lo TakoMy IpUHIUITY TOJKHBI 3aMIOJIHATHCS BCe Ipadbl TAOIHIL.

Ha3nauenne pasauyHbIX BHJIOB TEpMOOOPAaOOTKH, METOIbl ONPEACICHUS

TEMIICPATYpPbl HArp€Ba MNpPOAOJIKHUTCIIBHOCTL HArpeBa, MPOJOJDKUTCIBHOCTH HArpeBa,



CKOPOCTU OXJIAXKICHHUS U COOTBETCTBYIOIIME OXJIAKAIONINE CPEbl JaHbl B YKa3aHUAX
10 U3yYEHUIO TePMUUYECKONU 00pabOTKHU.

Onpeznenenue TeMmIeparyp HarpeBa Uisl OTXKHUra, HOPMaJIM3allMUd W 3aKaJIKU
3alaHHOM MapKky CTajlM CIEeAyeT MoKa3aTh Ha Auarpamme, Kak 3TO0 PeKOMEHJI0BAHO B
YKa3aHHbIX 10 MW3YYEHUIO TEPMHYECKOW OOpadOTKM METAIOB [JIsl  OTXKUIa,

HOPMAJIM3ALIMY 1 3aKalKu ctaneu, cogepxamux 0,4 u 1,6% yrnepona.

2.1 Yka3zaHus o U3y4eHUI0 TEPMUYECKOIl 00pad0TKH MeTA/IIOB

Tepmudeckoil (TernaoBoi) 0oOpabOTKONW HA3bIBAIOT TEXHOJIOTHYECKUE MPOIECCHI,
COCTOSIIME U3 HArpeBa, BBIIECPKKU U OXJIAXKICHUS METAJUIMUYECKUX U3JEIUN C IeNbI0
U3MEHEHUS UX CTPYKTYPbI U CBOMCTB MPU HEU3MEHHOM XUMHYECKOM COCTaBE.

Pexxum Tepmuyeckoil 0OpabOTKM XapaKTEpU3YIOT CIEAYIOIIME OCHOBHBIE
napameTpsbl:

— TeMmIeparypa Harpesa;
— BpeMs BBIIEP)KKH CIIJIaBa MPU TeMIIepaType Harpena,

— CKOPOCTb Harp€Ba U CKOpOCTb OXJIAXKIACHMU .

HpeBpameHnﬁ B CTaJIM IIPH Harpese

[Ipu oTkure, HOpMaJIM3aUMU U 3aKAJIKE CTAJIb CIEAYET HarpeBaTh 10 COCTOSHHUS
aycteHuta. TemmepaTypa omnpenenserca mo auarpamme (puc 2) B 3aBUCUMOCTH OT
COCTOSIHUS B CTaJIM YIJIEPOJia ¥ BHIa TEPMOOOPAOOTKH.

TemnepaTypsl HarpeBa JUisi TEPMHUYECKOM 0OpaOOTKM MOTYT 3a/laBaThCsi HE
TOJBKO JIMHUSIMA Ha JAWarpaMme, HO W KPUTHYECKHUMHM TOYKaMH, TAK KakK JIMHUHU
JIUarpaMMbl IIPEICTaBIAIOT COOOM reoMeTpUYecKre MecTa KpUTUUECKUX Touek. JInnus
PSK Ha aumarpamme ecTb réOMETPHYECKOE MECTO TOUKE AC; MPHU HarpeBe Wiu Ar; npu
oxJaxaeHnuu. Takum oOpa3oM, MOKHO 3a/laTh TemrepaTypy HarpeBa Junuer PSK wm
TOukou Acq, nexaieil Ha Hell. JIunus GS npeacTaBiseT TEOMETPHUUECKOE MECTO TOUKE

Acz nwmm Ars, T.e. Iloctpoena u3 Touke AcCz, MOJYYEHHBIX NPU HATPEBAHWUH, WU U3
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TOYEK Arz — MpU OXJaXACHUH, a TUHUS SE — reomeTrpuyeckne Mecra ToueK Acm U
Ary. TemnepaTypsl TOueK AC U AT HECKOJIBKO OTIIMYAIOTCS APYT OT ApYTra.

[Tocne nmocTukeHHsT HYXHOM TeMmmepaTypbl HarpeBa JeTalb JOJDKHA OBITh
BBIJIEpKaHA TIPU STOM TeMIleparype B TEUEHHWE BPEMEHHU, ITOCTATOUYHOrO I €€
MIPOTpeBa MO BCEMY CEYEHUIO.

Jlns oTxuUra, HOpMaJIM3alUK U 3aKaJIKU BPEMsI Ha HArPEB B OCHOBHOM 3aBHCHUT OT
pa3mepoB U (OpMbI AETaId, OT €€ XUMHUYECKOro COCTaBa, OT BHJIa HArpeBaTeIbHOIO
YCTPOMCTBA, OT BHJAa HAarpeBaTEIbHOTIO YCTPONCTBA U OMPEAEISIETCS M0 CIPABOYHHKY,
IIpu oTCyTCTBUM ClIpaBOYHUKA JJIS JE€TAJEU U3 YTIIEPOAUCTON CTAIIM BPEMs HA HAarpeB B
KaMEPHBIX Me4aX OPUEHTUPOBOYHO MOKET OBITh ONPE/IETICHO B 3aBUCUMOCTH OT (DOPMBI
U pa3MepoB jeTanu, s oTkura, HopMalid3allMMd W 3aKajlKd BpeMs Ha HarpeB M
BBIJICPKKY B ME€YM MPHU 3aJaHHOW TeMIIepaType OPUEHTUPOBOYHO OepeTcs U3 pacyera
1o 1,5 — 2 MUHYTHI Ha KKl MAJUTUMETP AUAMETP WJIA TOJIILIMHBI IETAJIH.

JIns Huskoro otmycka Bpemsi Bbiaep:kku npu 200°C mpuHumaercs: paBHbIM 30
MUHYTaM, 51 cpenHero ormycka npu 400°C — paBHbiM 20 MHHYTaM U BBICOKOTO
otnycka npu 600C — paBubiM 10 munytam. Kpome Toro, mjisi BceX BHUIOB OTITYCKa
npubasisiercst o 1 MUHYTE Ha KaKIbIi MIJLTUMETP AUaMETpa WM TOJIIHUHBI JCTaIIH.
CKopocTh OXJIaXkACHUS BIOUPAETCS B 3aBUCMMOCTHU OT BUJIa TEPMOOOPAOOTKH.

[IpeBparienue npu HarpeBe CTaId U3YYUTE N0 YUYCOHHKY.

Orxur

OTxUT SABISETCS TMEPBOHAYAIBHON oOlepanueld TepMHYEeCKoi 00pabOoTKH, Ielb
KOTOpOW — MO0 yCTPaHUTh HEKOTOPBIE NEPEKTHI MPEAbIAYIIUX ONepaluid ropsaei
00pabOTKH (JIUThS, KOBKA U T.J.), JUOO MOATOTOBUTH CTPYKTYPY K MOCIETYIOITUM
TEXHOJIOTMYECKUM OIlepanusiM (Harpumep, 00padoTKe pe3aHbeM, 3aKajKe).

OCHOBHBIE  II€JIM  OTXKUTAyCTPAaHEHWE  BHYTPEHHHUX  HAINPSKCHUH U
MEePEKPUCTATUIA3ZAIMUS CTAIH.

Jns orxura yrnepomuctele cranm HarpeBatoT Ha 30...50°C Beime smann GSK.
OxnaxneHue MeayieHHoe (00BIUHO BMECTE € Meubto) co ckopocThio 20 + 100 rpaa/yac.

B OGompmuHCTBE CIIy4acB AO3BTCKTOMUJHBIC CTAJIM IMOABCPTartOT IIOJIHOMY OTXKUTY —
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HarpeBarOT BbIIe JUHUU (S, a 3BTEKTOMIHBIE U 3a3BTEKTOUJIHBIE — HEMOJIHOMY
OT)KUTY C HarpeBoM BhIle JUHUN SK.

JInst HaXOXKIEHUS ATUX TeMIepaTyp Ha Ocu abCIUCC TUuarpaMMbl HAXOJAT TOUYKY,
COOTBETCTBYIOIIYIO CTaJlM C 3aJaHHbIM COJEp’)KaHWEeM Yrjiepoia, W U3 Hee
BOCCTAHABIMBAOT MEPHEHIUKYJIAP 10 MEPECCUCHUs C JIMHUSIMU JTUarpaMMbl, 3aT€M U3
MOJIYYEHHBIX TOYEK MEPECEYCHUM MPOBOJIAT JIMHUM, MapajlielibHble OCHU aOCIuce, 10
MEPECEUCHUs] C OChIO OpJIMHAT W HA HEW HaXOAAT TEMIIepaTypbl KPUTUUECKUX TOUEK,
COOTBETCTBYIOIIHMX TEMIIEpaTypaM HarpeBa, K KOTopsiM nooassstot emie 30... 50°C.
Taxk, Hanpumep, AJ1 OTRUTa cTanu, coaepxkaiieit 0,4 % yriepoaa, morpeOyeTcs HarpeB
Ha 820 + (30...50), a ana cramm, coxaepxamieit 1,6% yriepoma - 727+(30...50).

[IpeBparnienus Ipu OTKUTe€ BTOPOTO POJia U3YyUUTE IO YUECOHUKY.

Hopmanu3zauus

Hopmanu3anuss Ttakke SBIAETCS NEPBOHAYAIBHOM ONEpaled TEPMUYECKOU
00paboOTKM, TeIb KOTOpOW - TojHas (a3oBOM MEpEeKpUCTAIM3ANNS CTalld |
YCTpaHEHHE KPYIMHO3EPHHUCTOM CTPYKTYpbI, MOJYYEHHON MpPHU JIMThE WM MPOKATKE,
KOBKE MJIU IITaMIIOBKE, OJyYeHue 00Jiee BBICOKON IPOYHOCTH CTAJIH.

st nopmanuzanuu ctanb HarpeBaroT Ha 30...50 °C Beime muanu GSE (Touka A
€z ISl TOIBTEKTOMAHBIX CTajieil U AcM JJid 3a9BTEKTOUJIHBIX, KaK 3TO IOKAa3aHO Ha
auarpamMMe JiJis cTaiu, coaepkaiien 1,6% yriepona).

OxymaxaaroT Ha CIOKOMHOM Bo3ayxe co ckopocThio 50...100 °C rpan/yac.

B pe3ynbrare ctanb U3 KpynHO3EPHUCTON MPEBPAILAETCA B MEJIKO3EPHUCTYIO, U3
XPYIKOW B 00Jie€ BSI3KYIO.

[IpeBpatienue npyu HOPMATU3AIKNK CTATA U3YUYUTE 110 YICOHUKY.

3akaJjka

3akanka CrnocoOCTBYET TMOBBIIICHUIO TMPOYHOCTH W TBEPAOCTH, MOHUKEHUIO

DJIACTUYHOCTH CTaJIH.
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JIs 3aKajku cTaib HarpeBaroT J10 cocTosiHuA aycrenuta Ha 30...50 °C Bpliiie JuHUM?
GSK (Toukum Afs nias JOIBTEKTOMIHOW CTaMM WA 41 I 3a3BTEKTOUIHOMN).
OxnaxnatoT ObicTpo. OpUEHTHUPOBOYHO, NIPU YCIOBUM, YTO AECTAIU MUMEIOT OOBIYHBIC
pasMmepbl u (Qopmy, OXJIaxAaromias cpela WMeeT HOPMAJIbHYIO TeMIlepaTypy Iiexa
(18...20 °C), MOXXHO TPHUHSTH, YTO CKOPOCTb OXJIAKACHHUS MEXKIY METANINUYECKUMHU
MJIMTaMu Uiy 00ayBKOM Bo3myxoM coctasisieT 10...50 °C B cek, B Macne 100 °C B cex
nu B Bojge 200 °C B cek. boiiee TOYHO CKOPOCTH OXJIAXKICHUS OINPEACNSAIOT 10
CIIPABOYHUKY.

B 3aBucHMMOCTM OT CKOpPOCTHM OXJIOKJCHHMS ayCTEHUT IIpeBpallacTcs B
CJIEAYIOIINE OCHOBHBIE CTPYKTYPBI: MIEPIUT, COPOUT, TPOOCTUT U MAPTEHCHUT.

CKOpOCTBIO U BpPEMEHEM pachajia aycTeHuTa (ramMma ->anb(a MpeBpaILEHHUEM)
yrpaBisitoT aBa (paktopa. [lepBrlii - BennunHA MEPEOXTAKICHHUS HUXKE 1 OT KOTOPOTO
3aBUCHUT JIBHDKYIIAsl SHEPrUs npeBpanieHus. Bropoit - Temneparypa craim, OT KOTOPO
3aBUCUT CKOpOCTh AU dy3un (MOJBUKHOCTH) aTOMOB, MOTOMY Ha pachaj ayCTeHUTa
HEO00XO0JIUMO BpeMs.

CneBa OT KpUBBIX pacmaia JeXUT  00JacTh  MEPBOOXJIAXKIEHHOIO
(HepacnaBIIerocs), HECMOTPS Ha OOJIBIIOE MEPEOXIIAKICHHUE, ayCTEHUTA.

Ecmu kpuBas oxnaxaenus (Y1 Vn) mepeceueT KpUBYyIO pacraja, TO MPOU30UIET
OJIMH W3 BUJOB MEpPJIUTOBOr0 pacnaga. Ecim KpuBas OXJaxACHHUS MPONAET JeBee
KpPUBBIX pacnaza, TO NEPEOXJaxACHHBbIM ayCTeHUT mpocymectByer a0 240 °C u
MpEeBpaTUTCS B MapTEHCUT N0 0e3nudPpy3noHHOMY MexaHU3My, T.K. TemiiepaTypa yxe
CJIMIIIKOM HU3Kasi, YTOOBI MPOU30IILIa TePErpyNnupoOBKa aTOMOB.

B sBTEKTOMIHON YTIIEPOIUCTON CTAIA MPHU €€ MEAJTIEHHOM OXJIAXK/ICHUU ayCTCHUT
Ha JIMHUU TIePIUTHOTO TipeBparnieaus mpu 727 °C wm nipu Y1 1 Varipu mepeoxmakacHun
10 650 °C npeBpaiiaeTcs B IEPIUT.

ITpu ckopoctu oxnaxaenust V3 okoso 10...50 °C B cek ayCTEHUT MpeBpaniaeTcs
B COPOMT 3aKaJIKU, MPEJICTABISAIOMIUX COOOM, TaK K€ KaK MEePIUT, MEXaHUYECKYI0 CMECh
MJACTUHYATHIX KPUCTAJUIOB IIEMEHTUTA BTOPUYHOI'O, PABHOMEPHO pacHpeieieHHbIX B
dbeppute, TOIBKO B pe3yJIbTaTe MEPEOXIAKICHUS 00JIee TOHKUX

[IpeBpanieHue aycreHuTa B COpOUT MPOUCXOIUT IpH nepeoxaaxaeHuu 10 600 -

650 °C. OxnaxneHue Juisi 3aKaJKM Ha COPOUT OOBIYHO TMPOHU3BOIAT MEKIY
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METAUIMYECKUMH  TUIMTAaMH  WIH  O0AYyBKOM Bo3ayxoMmM. CopOUTOM Ha3bIBaeTCs
CTPYKTYypa AUCIEPCHOMN IJIACTUHYATON cMecH 1leMeHTuTa u pepputa. CopOut obiiagaer
BBICOKOM BBIHOCIMBOCTBIO, OH XOpPOHIIO COMPOTHUBISAETCA YAAPHBIM M MEPEMEHHBIM
Harpy3kam, ero TBepaoctb HRC = 30. Ctpykrypa copOuTa H0IKHBI UMETh KOJICHYAThIC
BaJibl, WIATYHbl M JIPyrU€ JAETald, paldoTarolIue MpU YyJAapHBIX M 3HAKONEPEMEHHBIX
HarpysKax.

IIpu ckxopoctu oxnaxnaenuss okoiao 100 °C B cek ayCTEHUT MIpeBpaliaeTcs B
TpoocTUT 3akanku. [IpeBpamieHue aycTeHUTa B TPOOCTUT MPOUCXOJIUT TMPHU
nepeoxnaxaennn 10 500 - 600 C. OxnaxaeHue IS 3aKaIKH HA TPOOCTUT OOBIYHO
IPOU3BOJIAT B MAIIMHHOM MacII€.

TpoocTUTOM Ha3bIBAETCS TOHKOJAWCIIEPCHAS IJIACTUHYATAsl CMECh LIEMEHTUTA U
dbepputa. TpooctuT 006JsamaeT BBICOKOM ympyrocteio, ero TBepaoctb HCR = 40.
CTpyKTypy TpOOCTHUTA MOJKHBI HUMETh PECCOpbI, MPYXUHBI U JAPYrHe JAeTaau, OT
KOTOPBIX TPeOYETCsl BBICOKAS YIIPYTOCTb.

IIpu ckopoctu oxmaxaeHus Oosee 200 °C B cek ayCTEHUT MPEBPAIIACTCS B
MapTEeHCUT. B 3TOM cityyae ycrneBaeT NpOU30UTH TOJIBKO NEPECTPOMKA PELIETKA raMMa-
’Kelle3a B HECKOJIBKO MCKaXEHHYIO pPEIIeTKY aib(a-kene3a 0e3 BhIICICHUS YIieposa,
KOTOpPOTO B ayCTEHUTE COJEPKUTCS 3HAUUTEIBHO OOJbILIE, YEM MOXKET PacTBOPUTHCS
pyu HOpPMAaJBHBIX YCIOBUSX B anbda-xenese (peppure). OmHako B MapTEHCUTE
OCTa€TCA HEKOTOPOE KOJMYECTBO AayCTEHUTA, HE YCHEBIIErO IPEBPATUTHCA B
MapTEHCHUT, TaK Ha3bIBAEMOI'0 OCTATOYHOTO aycTeHuTa. (OCTaTO4YHbIA ayCTEHUT B
ABTEKTOUIHOM CTajM MPEBpAIIACTCs] B MAPTEHCUT IPHU €ro JaJbHEUIIEM OXJIAKICHUU
no 50 °C umwmxe Hyns. Takum 00pa3om, MpeBpalleHUE ayCTEHUTa B MapTEHCHUT
HaunHaercs s npu nepeoxnaxzaeHun a0 240 °C, a 3akanuuBaercs npu munyc 50 °C.
Oxutaxkaenue A1 3aKajJkd Ha MapTeHCUT NPOU3BOIAT' B BOJE.

MapTeHCUTOM Ha3bIBAaeTCA MEPECHINICHHBIN TBEPABIA PACTBOP YIIepojaa B anbda-
xesesze. MapTeHCUT UMEET UTOJIbYaTyI0 CTPYKTYPY, €r0 TOHKUE BBITSIHYTHIE KPUCTAILIBI
MOXO0KHU Ha UIJIbl. MapTEeHCUT O4YeHb TBEPA U XpymHok, ero tBepaoctb HCR = 60...65.
TBepaOCTP MapTEHCHUTA 3aBUCHUT OT CTENEHU IMEPECHILIEHHOCTH YTIIEPOJOM, MO3TOMY,

yeM OOJIbIIIE B CTAJIH yriacpoaa, TEM BbIIIC €€ TBEPAOCTD ITOCJIC 3aKaJIKH.
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Cranu, copepxamue yriaepoaa Menblue 0,3%, 3akaiky MpakKTUYECKU HE
MPUHUMAIOT (HE 3aKaJIMBAIOTCS).

CTpyKTypy MapTEHCHUTa JODKHBI MMETh METAJUIOPSXKYIIHE HHCTPYMEHTHI, OT
KOTOPBIX TpeOyeTcss BbICOKas TBEPAOCTh. OpHAKO MapTEHCUT 00JIalaeT TaKkKe HU
BBICOKOW XPYIKOCTBIO, UYTO HEAOMYCTUMO JJIS HMHCTPYMEHTA, IOATOMY JeTaju,
3aKajJeHHbIC HA MAPTCHCUT, JUII YMEHBIICHHUS UX XPYMKOCTH 0€3 3aMETHOTO CHUKCHUS
TBEPJIOCTH TOJBEPTAIOTCS OTIYCKy. [IpeBpaimienust B ctaqu mpu 3aKajake HU3yduTe TI0

y4eOHUKY.

Otnyck

OTnycKk MpOU3BOAAT JUIsl CHUKEHHS WJIM TOJIHOIO YCTpPaHEHUs! BHYTPEHHUX
HaNpsOKEHUH, YMEHBIIEHUS XPYMKOCTH 3aKajJeHHOW CTajdu M MOJy4eHHUs Tpedyemoit
CTPYKTYPhI U MEXaHUYECKUX CBOWCTB.

OTnyck - 3aKTIOYUTENbHAs OIeparus TEPMHUYECKOW OOpabOTKH, MpUIAr0IIas
CTAJIbHOMY W3JEIUI0 OKOHYATEJIbHBIE CBOMCTBA. I OTIyCKa HArpeB 3aKAJICHHOM
CTaJIu OCYIIECTBIISIIOT J10 TeMiiepatypsl He Boilie Acl (727 °C).

[Tpu narpese no 100...150 °C npoucxoauT UCKYCCTBEHHOE CTapEHUE MApTEHCUTA, TIPU
ATOM OCTATOYHBIM ayCTEHUT MPEBpAIlaeTCs B MAPTEHCUT, YTO CTAOMIU3UPYET pa3Mephl
JeTajen.

[Ipu narpeBe ao 150...250 °C (HM3KUH OTMYCK) MapTEHCUT IpEeBpaIiaeTcs B
OTHYIICHHBIM  MapTEHCUT, 3HAYUTEIBHO YMEHBIIAET CBOK XPYNKOCTh MPH
HE3HAYUTEILHOM YMEHBIIEHUU TBEPAOCTH. [Ipu 3TOM 13 MapTeHCUTa (MIEPECHIILIEHHOTO
pacTBopa) HAUYMHAET BBIIEIATHCS M3JIUIIHE PACTBOPECHHBIM B HEM YIJIEPOJ B BHUJE
neMeHTuTa. OJHAaKO LIEMEHTUT HE ycrmeBaeT oOpa3oBaTh 000COOJIEHHBIE KPHUCTAJLIHI,
OCTaBasiCh KOTEPEHTHO (uepe3 OO MOrpaHWYHBIA CJIOM aTOMOB) CBSI3aHHBIM C
MapTEHCHUTOM.

[Ipu Harpere no 350...450 °C (cpenHuii OTIyCK) MapTE€HCUT MPEBPAIIAETCS B
TPOOCTHUT OTIycKa. [Ipy 3TOM KpUCTAIJIbI LIEMEHTUTA CTAHOBATCS YK€ 000COOJIECHHBIMH,
XOTSI U OUCHb MEJIKUMH.

Cranb npuoOpeTaer ynpyrocrsb.
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[Tpu 450...650 °C (BbICOKMU OTHYCK WJM YyJydilieHue) obOpaszyercs copOut
OTIyCKa, Y KOTOPOr0 KpHUCTAJUIbl LIEMEHTUTAa CTaHOBATCS eme Ooinbme. Cranb
MpUOOpPETACT BEIHOCIMBOCTD K MIEPEMEHHBIM Harpy3Kam.

JlanbHeimmii HarpeB BeeT 3a co00l MmocieoBaTeIbHbIC MPEBPAIEHUS B EPIUT
U ayCTEHUT COIJIACHO AMarpaMMe COCTOSIHMS CIJIaBOB.

OTnmyck Ha OTHYIIEHHBI MapTEHCUT HA3bIBAIOTCA TAKXKE€ HU3KUM OTITYCKOM,
OTIYCK Ha TPOOCTHUT - CPEJTHUM, & Ha COPOUT - BEICOKUM OTITYCKOM HJIH YIYUIlICHUEM.
Takum 006pazoM, CTPYKTYypbl COPOUTA U TPOOCTUTA MOXKHO TOJTYYUTH ABOSIKUM MTyTEM -
00 OXJaXKIEHWEM W3 ayCTeHuTa, Ju00 HarpeBaHWEM W3 MapPTEHCHUTa, OJIHAKO
CTPYKTYPBI OTIIyCKa 00JIaJat0T JIYUYIIUMH MEXaHUYECKUM CBOMCTBAMHU.

OxnaxaeHue Mpu OTHYCKE YIVIEPOJUCTON CTamu OOBIYHO MPOU3BOJUTCS Ha
BO3/YXE.

Teoputo U MPaKTUKY OTIYCKA U3YUHUTE MO YUYCOHUKY.

[Ipu oTBeTe Ha BONPOC 8§ PEKOMEHIYEM CIIEAYIOLINAN TOPSIAOK:

a)  BwIUEpUMBacM Tabmuiry 1

0)  BbIUEpUMBAEM CTAJIbHOM YroJ AWAarpaMMbl KEJI€30-yriepoJ U Ha OCHU
abCIMCcC HaxXOAWM COJEp’KaHWE yriepoja B 3aJaHHOM COCTaBe (Hampumep,
3a’BTEKTOMAHAsA cTaib, 1,6% C). M3 TOukM 3aJaHHOTO COCTaBa BOCCTAaHaBIHWBAaEM
NEePNEHANKYISP, MEePECEKAOMNA TUHUU AuarpaMMbl. Tak Kak JJIs OTXKUTa JIro00ro

BUJIa 3aKayiku ctaiib HarpeBatoT Ha (30...50) °C Beime auaun GSK, To m1s 3amaHHOM

CTaJli TeMIleparypa Harpesa (a He TOYKa MPEBPAICHUS TP OXJIaKIE€HHH) paBHa Al +
(30...50) °C. 3anuceiBaem 3tu udpser: 727 + (30...50) °C B rpads! TaOIUIIBL.

Hns Hopmanmzauuu ctanu HarpeBatoT Ha (30...50) °C eime muauu GSE.
[ToaTOMy TemmepaTypa HarpeBa JAjis 3aJJaHHOW CTaJId paBHa Acm COCTaBIISIET B JAHHOM
cinydae -960 °C, nostomy B Tabnuiry BrucbiBaem 960 °C + (30...50) °C.

AHaNOTUYHO TOCTYNAIOT, €CIIU, HAIIPUMEp, 3a/1aH COCTaB TO3BTEKTOUIHON CTaJIH,
coaepxkamuii 0,4% C

B)  Ha3HaueHue TepMOOOpPaOOTKM HAXOAHMM B YUEOHHMKE WM B METOAMYECKUX
yKa3aHUSAX MYHKT 3 ¥ BIIUCHIBaeM B rpady TaOIUIlbI

r) BpeMsi HarpeBa J0 Temreparypsl T.O. BeruucnsieM no gaHHBIM yuyeOHUKa

nnu Meroauyeckux ykazanui "I
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)  PpeXUM OXJIaxAeHUs (Cpella ¥ MPUMEPHAsi CKOPOCTh OXJIAXKICHHS ) HAXOIUM
B yueOHHKe WK B MeTOANYEeCKUX YKa3aHUsX ' . U BIUCHIBAEM B TAOJIUILY

€)  TMocje 3alojJHEHUs TaONWIbl J1aeTCsi OINHUCAHHME METOoJa OIpeneseHus
HarpeBa M peXUMa OXJAKICHUS M TMOJYYEHHBIX MOCIe TEPMUYECKON 00padoTKu
CTPYKTYP.

HeBarbiii Bonpoc uMeeT 10 BapuaHTOB, BKIIFOUEHHBIX B Ta0J. 4.a

[To kaxagoMy W3 BapHaHTOB CleAyeT pacmuppoBaTh MapKH 3aJaHHBIX
KOHCTPYKIIMOHHBIX U HHCTPYMEHTAJIbHBIX MAaTEPUAJIOB.

3aTeM MPUBECTU NIPUMEPHI MPUMEHEHHUSI Ka)KJI0r0 MaTepurara.

Hwuxe mpuBoautcs o6paser; orBeTa Ha BOpoc 9

I5SXCH/JI - HuU3KOJErupoBaHHAasi CTPOMTEIbHAS  KAyeCTBEHHas  CTallb
[Ipumensercst JUisi CBapHBIX CTPOUTEIBHBIX (epM, KOHCTPYKUIMHA MOCTOB, OCEH, THT,
KOPIIyCOB anmaparoB U cocyaoB. CToiikas K arMoc(hepHOil KOppO3HUH.

CU15 - cepwlif uyryH, QeppuTHbIi C Tpa@UTOM IUIACTUHYATONH (HOPMBIL.
[IpuMmensercs g U30ENUid HEOTBETCTBEHHOIO Ha3HAYEHHUs! (KPBILIKH JIFOKOB, IIKHUBBI,
KOpIyca peIyKTOpOB, HACOCOB)

20 - MAaIIMHOCTPOUTENbHAS YIVIEPOAUCTass KOHCTPYKIIMOHHAsS KaueCTBEHHas
ctanb, comaepxkut 0,2% C, ynpouHsieTcss B MOBEPXHOCTHOM cioe. [Ipumensercs s
U3TOTOBJICHUSI LIEMEHTYEMBIX, HUTPOLIEMEHTYEMbIX, LHaHUpPyeMbIX pAetaneil. He
TpeOYIOIMX. BBICOKOM TPOYHOCTHM CEPALIEBUHBI (OCHM KapeTKd BeJoCUIesa,
CEJIbCKOXO3SIICTBEHHBIE MAIIUHbI).

60C2X®DA - npyXrHHasl JErMPOBaHHAsA BBICOKOKAYE€CTBEHHAs CTalb C BHICOKUMHU
MEXaHUYECKUMH CBOMCTBaMU mociie TepmMuueckoit oopadorku. Conepxut 0,6% C, 2%
Kpemuus (C), npumepHo mno oaHoMy mnpoueHty xpoma (X) u Banagus (D). A -
BbICOKOKauecTBeHHas. [IpumensieTcss st 0co00 OTBETCTBEHHBIX TOJCTBIX MPY>KUH,
paboraromux mpu Harpee g0 200 - 500 C, TpeOyeT MOBEPXHOCTHOTO YIPOUHCHUS
00,TyBKO# ApOOBIO.

45XI14HI4B2M - nerupoBanHas xaponpoyHas 10 650 °C. Ctpykrypa aycTeHuTa
¢ kapoumueiM ynpouHenuem. Copepxut 0,45% C, 16% xpoma (X14), 14% nukens
(H14), 2% Bonbdppama (B2) u 1% monudbnena (M). Ilpumensiercst sl U3roTOBICHUS

BBIITYCKHBIX KJIAITAHOB (i)OpCI/IpOBaHHBIX )IBHFaTeHeﬁ BHYTPCHHEIO CropaHus, neTaneﬁ
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0c000 OTBETCTBEHHBIX TPYOOMPOBOAOB, KAPOIMPOUYHBIX OOJTOB, JIOMATOK W JMCKOB
ra3oBbIX TypOuH, paboTaromux mpu 650 °C.

12X18H9T - nermpoBaHHas, KOPPO3UOHHOCTOWKAs CTallb ayCTEHUTHOU
ctpykrypsl. Cogepxut' 0,12% C, 18% xpoma (XI8), 9% nuxens (H9) u npumepno 1%
tutana (T). Ilpumensiercs nns  W3roToBieHHs  OakoB, TpyO, Jeraiei,
CONMPOTUBIISIOIIMXCS KOPPO3UM B MOPCKOHM BOJE, JlaKaX, OPraHUYECKHX M a30THOMN
KHCJIOTaX, B clIa0bIX menodax. Tarke kapomnpouna o 600 °C. Xopomio cBapuBaeTcs
aproHOYTOBOW CBapKOM.

3X2B8® - uncrpymeHtanbHas JerupoBanHas. Cogepxut 0,3% C, 2% xpoma
(X2), 8% Bonbdpapama (B8) u 1% Bamagus (P), TemmocTtoikas, IIITaMIIOBAJl.
[IpumenseTcs 1isi U3TOTOBJICHUS IITAMIIOB, (OPM JIJIsi MAIIMH JIUTHCS MO/ IaBIICHUEM,
CTOMKass K 0Opa30BaHMIO MOBEPXHOCTHBIX TpewmuH. Heobxomumas TtepMooOpaboTKa
cocrouT B 3akainike ¢ 1050...1100 °C B macno + ornyck npu 550...650 °C.

TT7K12 - TBepapli METAIOKEPAMUYECKUN HWHCTPYMEHTAJIBHBIA  CILIAB.
Conepxur 81% xapobuna ponsppama (WC), 4% xapobuna turana (Ti C) + 3% kapOuna
tantana (Ta C), T.e. Bmecte 7% - (TT7), 12 % cBsa3ku - metammmuecknii kodanpt K12.
[IpuMeHsieTcst B Ka4eCcTBE PEXKYIIUX AJIEMEHTOB JISI YEPHOBOM OOTOYKU B TSKEIBIX
YCIOBHUSIX IO KOpPKE C pAaKOBHHAMU MpPHU HAIMYMM T€CKa M HEMETANINYECKUX
BKJIFOUCHUM. ;

CAIIl - amoMuHMEBBId AeOPMUPYEMBIN CIIaB - CIEYEHHBIM aTOMUHHUEBBIN
crutaB?. CoAepKUT allOMUHHUEBYIO OCHOBY U 6-9% okucu amtomunus (A1203).
[IpuMeHnsieTcss B aBUACTPOCHUU JiI M3TOTOBJIEHHUS JIUCTOB, TPYTKOB, MPOQUIEH,
MTOKOBOK U (posbru, padoraromux a0 500 °C.

AJI20 - amrOMMHUEBBIM JUTEHWHBIA cruiaB. CONEpPKUT aTOMHUHUEBYH) OCHOBY,
nerupoBannyto 4% menu (Cu), 1% marnus (Si), 1,5% xenesa (Fe) u mo 0,2% Mn, Cer,
Ti. CrmnaB sxaponpouHbiif. M3 HEro WM3roTOBISAIOT TOJOBKU IHJIMHIAPOB, MOPITHH U
JpyTHE JIeTamu O0JErYeHHBIX ABUTATENIC BHYTPEHHETO CrOpaHusi, HarpeBalomUXCs 10
275 C, ¢ XOpOIIHUMHU JIUTEHHBIMU CBOMCTBAMHU U MOBBIILIEHHONW T'€pPMETUYHOCTHIO.

JIK80-3 - nuteiinas nByxdaznas kpemHuctas jJatynb. Conepxut 80%) meau, 3%
kpemuust (K-3), ocranmpHoe 1uHK (Zn). Ilpumensiercst st M3rOTOBJICHUS KPYIHBIX

KOppO3HOHHOCTOI>iKPIX 3aroTOBOK, CYAIOBBIX BUHTOB.
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bpAMu10-2 - nureiinas anroMuHUeBO-MmapranieBass Oponsza. Comepxur 10%
amomunus (A-10) u 2% wmapranna (Mu-2), ocranbHoe Menn. [lpumensiercs s
U3rOTOBJICHUSI (DACOHHBIX JMTHIX JAETalled METOJIOM JIUThsl B KOKWJIb U B TECUYaHbIC
(bopMBI.

NPM2 - turtanoBblii crmnaB. JlerupoBan 4% amomMubHuss U 3% HuOOHUS.
[Ipumensercss misg CBapOYHOM MPOBOJIOKH (JIEKTPOAOB) HJisi CBapKHM TUTAaHOBBIX
CILIaBOB.

BKA - cBunnoBokanbiueBbiii 6a060ut Conepxut 98% curana (P), comepxut 1%
Hatpus (Na).. [Ipumensiercs it 3aJIMBKH LIEHTPOOEKHBIM CIIOCOOOM WIIM JIUTHEM IO
JABJICHUEM B MPOYHBIA KOPIYC MOJUIMITHUKOB CKOJIBXKEHUS B KEJE3HOOPOKHBIX
BaroHax, KOJICHYaThIX BaJlaX TEIUIOBO3HBIX JBUTaTeneil. OTu O0aOUThl JeleBie
OJIOBSIHHBIX.

Kanpon-nonuamun - [omnsipHsbiii Tepmoruiact. Jluanazon pabouux TeMieparyp oT
-30 no +70 °C. OCHOBHOE IPUMEHEHHUE - JIJI1 TEXHUYECKOTO BBICOKOIIPOYHOT'O BOJIOKHA,
aBTOMOOUMJILHOT'O KOPJIa, IIIHYPOB, CTPOI U TKaHE#l. bricTpo cTapeeT Ha cBeTy. TKaHb HE
TUTPOCKONMYHA M HE TWTMEHWYHA, pa3pyllaeTcsl Jake B CHa0bIX KHUCIOTaX U HE
CKJICUBAETCS. Jluteie  pmeranM W3 KanmpoHa  yAApOIpPOYHBI (kopmyca
ANEKTPOMHCTPYMEHTA),  XOPOLIO  CONPOTHUBISETCS  W3HOCY, HMEIOT,  MaJblid
kodpunineHT TpeHus (MpUOOPHBIC MIECTEPHHU, IMOIITUITHUKN CKOJIBXKEHHS 0€3 CMa3Ku B
aBToMoOuIIe, BepeTeHa, Mmojo1Ba 00yBH)

ITIpumep oTBeta Ha Bompoc 10

— mnonabeputre maTepuas JJIsi BBICOKOMPOYHOM apMaTypbl ISl Kene300€TOHHOMN

KOHCTPYKIHUU.

Jlnst Takod apMmaTypbl HY>KHa HU3KOJIETMPOBAaHHAs apMmaTypHas craib. BwiOupaem
6onee npounyto crans 35 I'C. Ona conepxur 0,35 % C u npumepno no 1% mapranna
(') u xpemuus (C).

Omna xopo1io cBapuBaercs, He TpeOyeT TepMOooOpabOTKH.

— moxalepute MaTepuan Ijs CBapHOro Oaka 1y XpaHeHus ropsueit 20% cepHoit

KHUCJIOTBHI.

Jlnst Takoro 6aka Hy>XKHa KOPPO3MOHHOCTOMKAs cTallb (Tabi. 6). BeiOupaem mapky

06XH28MT. Ona conepxut 0,06% C, 1% xpoma (X), 28% nukens (H28), 1% turana
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(T). Ouenp mumacTuyHasi, XOPOIIO CBAPUBAETCA, HE YIPOUHSAETCS 3aKAJIKOW - JJIst
KOpITyca IIapUKOBOU PYUKHU.
Jns kopriyca pydkd HCMOAb3YHOT moiuctupod (ABC-mnactuk). M3rotoBistoT

ACTaJIM METOAOM JIUTHA 110 JaBJICHUECM

3. 3agaHus Ha KOHTPOJIBLHYIO padoty Nel

[Ipexxne 4em MpUCTYNUTh K BBIMOJHEHUIO KOHTPOJBHON pabOThl, BHUMATEIHHO
npoutute Meroauueckue ykazaHus. PaboThl, BBIMOJHEHHBIE HE B  IOJHOM

COOTBCTCTBHUH C UX Tpe6OBaHPIHMPI, HC 3aCUNTBIBAIOTCA.

BOIIPOC 1

Bapuanr 1
JlomeHHOE ITpON3BOACTBO. BhimaBka yyryHa.
Bapwuanr 2
[TpousBoacTBo cranu. KonBepTopHslil criocod nepenena yyryHa
Bapuanr 3
[IpousBoacTBO cTanu. MapTeHOBCKHM crIOcO0
Bapuanr 4
[Ipon3BOACTBO CTanM B DIIEKTPOIEYax, €ro IMPEeMMYILIeCTBA M HENOCTATKU IO
CPaBHEHHUIO C MAapTEHOBCKUM U KOHBEPTOPHBIM CIIOCOOaMHU
Bapuant 5
CrocoObl pa3iaMBKH CTAJIU U TIOJYYEHHUSI CIIMTKOB
Bapuant 6
IIpon3BoaCTBO CTanu U3 pyn
Bapuant 7
IIpon3BOACTBO AIFOMUHUSA U3 YA
Bapuanr 8
[Ipon3BOACTBO TUTAHA U3 Py

Bapuant 9
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CriocoOblI MOBBIILIEHUS KaYeCTBa CTAJIU U CIUIaBOB.
Packucnenue cranu u 00pabOTKU CUHTETUYECKUMHU UTaKaMHU.
Bapuant 10

Crioco0sbI IMOATOTOBKHM PYAbI JJI IJIAaBKW YyI'YHa M OIBCTHEIX CIIJIABOB

BOIIPOC 2

Bapuanr 1
Kpucramimueckoe crpoeHue MeTtamioB. Kpucramwimyeckue penierkd MeTasuloB.
Peansnoe  cTpoenue meramioB. [lonmudopmusm MeTamios.

Bapuanr 2
Kpucranmmueckoe ctpoeHne metamioB. PeanbHoe cTpoeHne MeTaminoB. CTpyKTypHBIE
HECOBEPILIEHCTBA KpUcTainueckoi pemerku. [lomudopmusm Meramios.

Bapuant 3
Crpoenue BeniecTB. AMOp(HbBIE U KpUCTAINTNYECKHE Tela. AHU30TPOIHUS U U30TPOTIHUSL.
[TonudopMuszm MeTaNIOB.

Bapuanr 4
Kpucrannmm3zanus METaJJIOB. Temneparypa KPUCTAJIIU3ALINH. Crenenb
NEePEOXITAKICHUS.
CBoOoanas >ueprus. [lonmudopmusm mMetanios.

Bapwuanr 5
Kpucrammsanus merannoB. KpuBble oxnaxiaeHus npu Kpucramiumzauud. CKOpOCTb
pocta kpuctamwios. [Tonmudopmusm metamios.

Bapuant 6
Kpucranmm3zanus MeTauioB. AJUIOTPOIIHS METAJIOB U JKeJle3a.

Bapuanr 7
Metoapl uccineqoBaHusl CTPOCHUSI METAJUIOB: MUKPO- U MaKpOaHaJIU3. PEHTTeHOBCKHIA
ananu3. [lonudopmusm metainon

Bapuant 8
[Inactuyeckas npegopManus MeTaIoOB. YIpyras U IJIacTUYecKas aepopManus.

[Tonudpopmusm MeTaioB
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BapuanTt 9

[Tnactuueckas aegopmarus MmetauioB. SBinenue Hakiena. [lonmupopmusm MeTanios.
Bapuant 10

Kpucrammsanuss meTamioB. 3aBUCUMOCTh CKOPOCTH POCTa KPHUCTAJLUIOB OT CTEIECHH

nepeoxnaxaenus. [loaupopmusm MeTamios.

BOIIPOC 3
Bapuanr 1
HcnbiTanust meTauioB Ha pacTsbkeHue. [luarpamma pactsbkenus. OmnpeneneHue
npeaesna IpoYHOCTH.
Bapuanr 2
HcnbiTanus MeTamioB Ha TBEpAOCTh. Orpenenenre TBEpIOCTr 110 bpruHeto
Bapuant 3
Ucnbitanue Ha pacTsokenue. Jluarpamma pactspkenus.  OmnpezeneHue mpenena
TEKYUYECTH
Bapuant 4
HcnpiTanne matepualioB Ha TBepAocTh. Onpenenenne TBepAocTy o PokBemty.
Bapuanrt 5
HcnbiTanne maTepuanoB Ha pacTsbkeHue. Jluarpamma pactskeHus. OmnpenesieHue
npezesna IpoYHOCTH
Bapuant 6
WcnbrTanue matepuaiioB Ha TBepAoCcTh. Onpenenenue TBepAocTy o Bukkepcy
Bapuant 7
HcnbiTaHue MaTepralioB Ha yIapHYIO BA3KOCTh
Bapuant 8
HcnpiTanus maTepuaaoB Ha TBEpAOCTh. OmpeneneHrne MUKPOTBEPIOCTH 00pa3LIoB.
Bapuant 9
HcrnpiTanue MaTepralioB Ha ycTalnocTb. OnpeneneHue npeaesia yCTaaoCTH.
Bapuanr 10
Hcnbitanue matepuanoB Ha pacTsokeHue. Juarpamma pactsbkenus. OnpexaeneHue

OTHOCHUTCIIbHOI'O YAJIMHCHUSA
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BOIIPOC 4
Bapuanr 1
OcHoBbI TepMO0OpaboTKH cTanu. [IpeBpallieHus B cTajid Ipu HarpeBe
Bapuant 2
OcHoBBI TepMO0OpaOOTKH cTanu. [IpeBpaliieHus cranu nNpu OXJIaKISHUH
Bapuant 3
OcHOBBI TepMOOOpabOTKM cTanu. lIpeBpamieHuss aycTeHWTa TPU HEMPABUIEHOM
OXJIAKICHHUH C
pa3HbIMHU CKOPOCTAMHU
Bapuanr 4
OcHoBBI TepMO0OpaboTKu cranu. [IpeBpaiienuss MapTeHcUTa IpU HarpeBe (OTIYCK
CTaJIn)
Bapuanr 5
TexHonorus TepmooopadoTku ctanu. OTKUT CTaIH
Bapuant 6
TexHnonorust TepmooopadoTku cranu. OTKUT CTaIH
Bapuant 7
Tepmomexanuueckast 0o0padboTka cranu. JledexTsl 3akamku cramu
Bapuant 8
[ToBepxHOCTHAsA 3aKajaKa CTaJIH
Bapuant 9
XUMHKO-TepMHUUecKas oopadboTka cranu. LlemenTanus cranu
Bapuant 10

XHUMHUKO-TepMHUUEcKas 00paboTKa cTanu

BOIIPOC 5
Bapuanr 1
TexHudeckuit TUTaH u €ro cruiaBbl. Tabm. 13
Bapuanr 2

AJIOMUHHEBBIC CIlJIaBbl, UX MApKUPOBKA, IPUMCHCHUC
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Bapuanr 3
MenHble cIiiaBbl, UX MAapKUPOBKA, TPUMEHEHHUE

Bapuant 4
KoHCTpyKIIMOHHBIE YIJIEPOJIMCTHIE U JIETMPOBAHHbBIE CTAJM OOIIEr0 Ha3HA4YEeHMs, UX
COCTaB, - MAPKUPOBKA, TPUMEHEHUE

Bapwuant 5
NHcTpyMeHTalbHbIE CTAIM M TBEPIbIE CIUIABBI NI pexyliero nucrpymenta. Cocras,
MapKUpPOBKa, IPUMEHEHUE

BapuanT 6
NHCTpyMeHTaIbHBIE CTadM W TBEPHABIC CIUIABBI JJISI U3MEPUTEIBHOTO HHCTPYMEHTA,
HITAaMITOBBIE CTAJIM U cIiaBbl. CocTaB, MApKUPOBKA, TPUMEHEHUE

Bapuanr 7
AHTHUGPUKIIMOHHBIE MaTepuaibl. MarHuTHbIe cTalu W ciuiaBbl. CocTaB, MapKUPOBKA,
MIPUMEHEHHUE.

Bapwuanr 8
7KapoCTOMKOCTh M &KapONPOUYHOCTh. JKapOCTOWKHE U KAPONPOYHBIC CTAIA U CILIABBHI.
CocraB, MapKUpOBKa, TPUMEHEHHUE.

Bapuant 9
Koppo3ust craneit. Koppo3noHHO-CTOMKHE HepxkaBewmme cranu. Jlerupyrommue
AJIEMEHTHI U MAPKUPOBKA CTAJIH.

Bapuanr 10

UyryHsl, UX COCTaB, MAPKUPOBKA, IPUMEHECHHE

BOIIPOC 6
Bapuanrt 1
[Inactrnueckue maccel. PopMa MOJIEKYII MTOJIUMEPOB
Bapuant 2
Ilmactuueckue wMaccel. Mx  arperatrHble  COCTOSHMA. Te€pMOIUIACTUYHOCTH WU
TEPMOPEAKTUBHOCTb.
Bapuant 3 '

IImacTrnyueckue Macchl. TepMOMGXaHI/I‘ICCKI/IG KPHBLIC IJIs1 TCPMOAKTUBHBIX ITOJIMMCPOB.
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Bapuanr 4

[Inactuueckue Maccsol. JlecTpyKuus U cTapeHuE MOIUMEPOB
Bapuanr 5

[Imactnueckue Maccol. CIOUCTBIE apMUPOBAHHBIE TEPMOPEAKTUBHBIE TIIIACTUKHU
Bapuant 6

Ilmactuueckue maccbl. KoMIo3uMOHHBIE MaTepUANIbI HA TOJIMMEPHOW OCHOBE
Bapuant 7

TepmonmacTuyHbIC HEMOJSIPHBIE TUTACTMACCHI, TTOJIMATUIICH, TTOTUCTHPOI, PTopioH-4
Bapuant 8

TepmoniacTUYHBIE MOJIAPHBIE MIJIACTMACCHI: TOJTUBUHWIXIIOPHL, TOTUAMUIBI
Bapuant 9

[TonuMepHBbIE KIIEU U CKIEMBAaHUE
Bapuant 10

Pe3nnoBbIE MaTepuanbl

BOIIPOC 7

Haueptute nuarpammy cOCTOSHUS CIUIABOB Xkeye3a ¢ yriepoaoM. [lokaxure Ha
HEl CTPYKTYpHI IO BCEM €€ 30HaM, a TAK)KE XapaKTepHbIE JTUHUU (JTMKBUIYC, COJIHIYC,
A], A3z, Acr)

CnpaBa 0T [uarpaMmbl TOCTPOHTE CXEMAaTHUYECKYIO KpPHUBYIO MEIJIEHHOTO
oxyaxaenus ot 1600 no 600 °C cmuiaBa ¢ 3aJJaHHBIM COAEPKaHUEM YTIIEPOA.

OnuumTe npeBpaleHus, IPOUCXOAIIME B 3aJaHHOM CIUIaBE, U OXapaKTEepU3ylTe
CKOPOCTH €ro OXJIAXACHUS Ha KaXXJIOM y4acTKE KPUBOM.

JlaiiTe onpenenenne Bce 00pa3yomuUMCs 0 X0y OXJIaXKIEHUs CTPYKTypaMm.

CocTaBbl 3aJJaHHBIX CIIJIAaBOB yKa3aHbl B Ta0ywmile 2a coraacHo Bamemy BapuaHTy
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3ananue Kk Ronnocv 7 Tabmnmma 2a
Ne BapuanTa Conepxanue Ne BapuanTa Conepxanue
yrieponaa yrieponaa

1 6,5 6 2,5

2 5,5 7 1,7

3 4,3 8 1,2

4 3,5 9 0,8

5 3,0 10 0,5

BOITPOC 8

YkaxuTe Ha3zHAuCHHUE, OMpENeNUTe TeMIepaTypbl HarpeBa, BpeMsl IIpOrpesa,
CKOPOCTb OXJIAKIAEHUS U OXJIAXKIAIOIINE CPEbI JUIS:

a) OTXKHTa

0)  HOpMaIM3aLUU

B)3aKaJIKU

r) OTITyCKa JeTaJIi U3 YTIAEPOJUCTOMN CTa)IM, yKa3aHHOM B TabmuIe 3a COrjIacHO

Bamemy BapuanTy 3agaHus

3anmanudg k Bonnocv & Tabnuia 3a

['° Bapuanta [Mapka yrjaepoJuCTOn cTalu TonmuHa 1eranu B MM
| Y13 20
2 Vil 60
3 Y10 40
4 Y 9 20
5 V38 60
6 Y7 40
7 60 20
8 50 60
9 45 40
10 35 20

BOIIPOC 9

Pacumudpyiite Mapku M yKaKWTe€ Ha3HAYE€HUE KOHCTPYKUHMOHHBIX MaTepHUalioB,

MPUBEJECHHBIX B Tabuuie 4a, cornacHo Bamiemy BapuaHTy 3a1aHus
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BOIIPOC 10

[TonGepruTe Mapku CIUIAaBOB M MAaTEPHAJIOB ISl M3TOTOBJICHUS CIICIYIOMINX JIeTajei

MAIllMH U UHCTPYMEHTOB.

Bapuanr 1

J171s1 U3rOTOBIEHUS BBITSIKKON PaguaTOPHBIX TPYOOK.
JI1st Xupypruyeckoro MHCTpYMEHTA.

JIms  W3roToBACHHS  OOJCTYCHHBIX  METAUIMYSCKUX
0OIIECTBEHHBIX 3IaHUI

[Tpecc-popMbl 1JIs1 TUTHS IO TaBICHUEM.

JI71s1 KPBILIKYA BOJAOTPOBOJAHOTO JIFOKA.

Jlnist cranbHOM epMbl MOCTA C TIPUMEHEHUEM CBAPKHU.

OKOHHBIX

pam

u

JBEpEM

I[JIH W3rOTOBJICHUS IITAaMIOBKOMU BKH&,HBIHI@ﬁ IIOJIIUITHUKOB JABUI'aTCIIA aBTOMOOMIIS

31J1-130. Jlnst 3aguero ¢poHaps JISTKOBOTO aBTOMOOUJIS.

Bapuanr 2

Jist kmamaHa BEHTHIIS, padOTArOIIETO B CTOYHBIX BOJAX.
Jjist ucKa ¥ TIOMaTOK aBUAIMOHHBIX Ta30BbIX TypOUH.
Jlist me3Bust 6€30macHOM OPUTBHI.

Jlns pe3anus craneil ¢ TBepaoctsio 10 45 HCR.

JI714 4acoBOM TPy KUHBI.

J1J1st BBICOKOIIPOUHOM apMaTyphl ISl KeJIe300€ TOHHON KOHCTPYKIUH.

J171s1 3a5IMBKU BKJIAJIBIIICH TOIIUITHUKOB CKOJIBKEHUS (17151 3aMEHBI OPOH3HI).

JInst npoKnaaKu, CTOMKOM BO BCEX arpECCUBHBIX Cpelax.
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Bapuanr 3

JI714 KOpIyCOB Hapy4YHBIX YaCOB, U3TOTOBIISIEMBIX HA METAJIOPEKYIIMX aBTOMATAaX.
Jlns u3nenuii toMairHero oouxoja ¢ KjaeiMoM "HepkaBeromias'.

J1J14 JIOHKEPOHOB Kphlila CAMOJIETA.

JI714 HaNmMJIIBHUKOB.

Jlns koprnyca peaykropa audra.
JIma peryara cesbCKOX03sIMCTBEHHOM MAIllUHBI, U3TOTOBJIIEHHOT'O XOJIOJAHOM IITaMIIOBKOM.
Pexymmii s7neMEHT i1 4YepHOBOM OOTOYKM B TSDKENBIX YCJIOBHSX IO KOpPKE C
PaKOBHUHAMH MPU HAJIMYWH MECKA U METAUIMYECKUX BKIOUYCHUM.

Konenuarsiii Baj1 ABAraTelis JIESTKOBOTO aBTOMOOWIIS.

Bapuanr 4

J1J1s1 3arOTOBKH 1IECTEPHU JIJII MOIIIHOTO KpaHa, paboTarolIel MPu BEICOKMX CKOPOCTSIX,
Harpy3Kax ¥ HarpeBe.

JUJis BBITYCKHOTO KJIarlaHa aBTOMOOUIIBHOTO JIBUTATEIISI.

OO6neryeHHpI Ky30B BaroHa METPO.

JIns mamek U CBepil ¢ KpaCHOCTOUKOCTRIO 10 280 °C.

JUis peccopbl JIETKOBOTO aBTOMOOWIISL.

JIist IeMeHTyeMOM IeCTepHU KOPOOKH Tiepe1ad aBTOMOOUIIS.

Pexxymmii sneMeHT ajii 4epHOBOM M YHCTOBOM 00pabOTKM TpyaHOOOpabATHIBAEMBIX
CIUTABOB (3KapOMPOYHBIX M TUTAHOBBIX).

I[JIH O6J'II/IHOBKI/I )41 Tp}’60Hp0BOI[OB raJlJbBaHN4YCCKUX BAHH

Bapuanr 5

Jliist mapoBoil apMartypsl JaBiaeHUueM 10 25 atmocdep.
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Jlns aucka kpynHoM memanku, padboraronieit B cpene pocdopHoro yaodpenusi.
AJFOMUHMEBBIH CIUIaB JUJIs NOpLIHS, Harpesaromerocs 10 250-350 °C.

JUIs UIMHHBIX ¥ TOHKUX METYUKOB.

JUis Ipy>KUHBI aMOPTU3aTOPa KEJIE3HOAOPOKHOTO BaroHa.

[laTyH aBTOMOOMJIBHOTO ABUTATEISL.

J1J1st 3aMMBKHM OTBETCTBEHHBIX MOIIMITHUKOB CKOJIBKEHUS B ACKAIATOPE METPO.

CrnoucTeii MaTcpuall 4l IICYATHLIX IJIAT, HCCOOTBCTCTBCHHBIX 3JICKTPOHHBIX HpI/I60pOB.

Bapuanr 6

J171s1 KOpPO3MOHHOCTOMKOI0 rpeOHOr0 BUHTA.

Jlnis TpyO mapomneperpeBaTenell 1 apMaTypbl MApOBBIX KOTJIOB.

OTtnuBKa 111 JIETKOM KOHCTPYKIIHUH.

J1J1st mpOIIMBKY B MPOU3BOJICTBE TPYO, padoTatomtux mpu 700 °C.

J71st 0c0060 OTBETCTBEHHBIX MPY>XUH, padoTaromux mpu Harpese a0 200 °C.

JJ1st yIipouHS€eMOro a30TUPOBAHUEM IIMHUH/IEI OBICTPOXOJHOTO CTAHKA.
TBepaocmaaBHBI WHCTPYMEHT [IJIsl IITAMIIOBKH, BBICAJKHU, OOpPE3KH YIIIEPOIUCTHIX
cTajiey npu

yYAApHBIX Harpy3kax 00JbLI0 HHTEHCUBHOCTH.

DIIACTUYHBIM U ITUIACTAUYHBIA MaTEpUaIl JJI1 HAHECCHUS U30JISIIUM Ha 3JIEKTPONIPOBO.

Bapuanr 7

JUJIs1 U3rOTOBJIEHUSI MOHET.
JU1s1 BBICOKOITPOYHBIX KOPPO3MOHHOCTOMKHUX KOPITyCOB PaKerT.
Jlis nerkoi aetanu (pyJeBOro peluara karepa), padoTaroiiei Bo BIaKHOW aTMocdepe.
JIns cBepia ¢ KpacHOCTOMKOCTBIO 110 650 °C.
Ji1st HeOONBIION MPYKUHBI 1711 AETCKOW UTPYILKH.

Jj1st cBapHOM pambl IIACCH B aBTOMOOMIIE.
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Pexxyuuii aneMeHT Ha cBepiie, pa3BepTke, ¢pese, st 00padOTKU CTallU, YyTyHa U
TPYIHOOOpadaThIBAEMBIX CILUIABOB
JUis TOAIIMITHUKA CKOJBXKEHHUs, padoTaromiero 0e3 CMa3Ku B CHCTEME PYJIEBOTO

yIIpaBJICHUS. aBTOMOOHIIS

Bapuanr 8

JI1s1 BBICOKOTIPOYHOM KOPPO3MOHHOCTOMKON M TOKOBEIYIICH MPY>KUHBI aBUAIMOHHBIX

npu6opoB. s xaponpounoro a0 650 °C 6onra.

Jl71s1 kKapTepa BOJOOXJIAXKIAEMOTr0 JIETKOrO (CIIOPTUBHOTO) ABUTATENS.

JI1s1 KpyITHOT'O MOJIOTOBOTO IITAMIIA.

J{s1 3a1HETO MOCTa aBTOMOOMIISL.

JJist pactipeieIuTensHOTO Bajla aBTOMOOMIIS C 3aKaJIKOM Iieek u KyjaukoB TBUY.

J1Jist 3aMMBKHM KOPEHHBIX MOAIIUITHUKOB CKOIBKEHHS KOJICHBaA (KOJIEHYATOr0 BaJia) JJIst
aBTOTPAKTOPHOTO JBUTATEIIS.

Jlnst ocHOBBI meuaTHOM miaTel DBM.

Bapuant 9

JIns railky 3aKUMHOTO BUHTA, paOOTaIOIIEro B TSKENBIX YclIoBUsX Jljisi nmomaTok
MapoBOM TypOUHBI.

JIJisi M3roTOBIIEHUS JUTHEM IO JaBJICHHEM KapOropartopa aBromoOuist [ns kpymHOTO
OTBETCTBEHHOTO BBIPYOHOTO mTamma [[is mrabota KOBOYHOTO mpecca.

JIJist KpBIIIM Ky30Ba JIETKOBOI'O aBTOMOOWJISI, M3TOTOBJICHHOM XOJIOJHOM INTAMIOBKOW C
Ty OOKOM.

BrITsKKOM.

JIns1 3aJIMBKY MIOJ JABJICHUEM TOJIIIMITHUKOB CKOJIBXKEHUS B KEIEC3HOAOPOKHBIX BaroHax

JInst merkoi, IpOYHOM M KECTKOM aHTEHHBI KOCMUYECKON TEXHHUKH.
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Bapuant 10

[TIpoBonoKka 11 ra30BOM MAMKK METAJIIIOB.

Jliist cBapHOoro nucta 6aka (6e3 TepM0ooOpabOTKH), YCTOMYMBOTO B arpECCUBHBIX cpefiax,
[InmieBuIX.

npoaykTax u gonyckatomiero Harpes 10 500-600 C st cTaHMHBI HACTOJIBLHOW IIBEHHOM
MalIWHBI

J171s1 HAKOHEYHHMKA THEBMO3YOuJIa.

UyryH 1151 HOPIIHEBBIX KOJIEI aBTOMOOUIIBHBIX JBUTATEIEH.

J171s1 U3roTOBIEHUS HAa TOKAPHOM aBTOMATE KPEMEKHBIX JIEMEHTOB (BUHTOB).

Pexxymmii aieMeHT Ha pe3elt 11l YUCTOBOW 00pabOoTKH OTOESIIEHHOTO YyTyHa, 3aKaJICHHOMN
cTanu,

CTEKJIa, BBI3BIBAIOIINX a0pa3UBHBIN U3HOC HHCTPYMEHTA.

JIns  W3TrOTOBJICGHHUS METOJOM KOHTAKTHOTO (OPMOBAHUS KOpIyca CIOPTHBHOIO

aBTOMOOWJIA.

MNEPEYEHD JIABOPATOPHBIX 3AHATUM

JlabGopaTopHasi padora Nel

Tema :«McnbiTaHue HA TBEPAOCTH 0 BpuHesI0

eab padoThl

OO6yueHue :
— 3y4YEHHE CXEMbl UCIBITAHNS METAJJIOB (CIJIABOB) HA TBEPAOCTh IO bpuHeIo ;
— M3YYEHHE YCTPOWCTBA aBTOMATUYECKOI0 PhIYaKHOT'O IIpecca;
— O3HaKOMJIEHHE C METOJMKON OMpeIeleHUsl TBEPAOCTH METAIIOB (CIIJIAaBOB) MO

bpunemo.

BocmurarenpHas ;
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— BOCIIUTAHUE y CTYJEHTOB 3HAYUMOCTH MPO(HEeCCUOHATBHBIX TPAKTUYECKUX

HAaBBIKOB |

— BOCIIUTAHHUE MOJIOKUTEIBHOTO K IPOIECCy MPHOOpETeHUs 3HAHHM ;
— BOCIHHUTAHUE JUCUUIIJIMHUPOBAHHOCTH .
Pas3Butne :

— YMEHHE y4eOHOro Tpyaa

3aganue

1.A3yunth cXeMy WCOBITAaHUS METaIOB (CIUIaBOB) HAa TBEPAOCTh IO
bpunemtto.

2./3yuuTh yCTPOIMCTBO aBTOMATHYECKOTO PHIYAKHOTO IIPeECca.

3.M3yunTh METOIUKY OMNPEACIICHUS] TBEPJOCTH METAUIOB (CILUIABOB) IO
bpunemnto.

4.CocTaBUTb OTYET.
MarepuajibHOe o0ecrieyeHue
1 ABroMaTtnueckuil ppiuakHbIi npecc Tuna bpunenmns TIL-2
2 O6pa3upl 1151 UCIIBITAaHUSA .
3 Jlyna nist u3BMEpeHHusl [aMeTpa OTIIeyaTKa .

4 HanuipHUK ,MUTM(QOBABHBINA CTAHOK , ITH(OBaIbHAs Oymara.

Kpartkue Teopernueckue cBeeHust
Cxema uCnbITAHMS U BeJIMYMHA TBepaAocTH 1o bpunesito
HcnpiTanue Ha TBEPAOCTh MO bBpHHEII0 NPOWM3BOAMTCS BAABIMBAHUEM B
UCTIBITYeMbIH 00pa3el] CTAIbHOIO 3aKaJIEHHOrO IapuKa ONPEAesIEHHOro JuaMeTpa

I10 ,ZIGfICTBI/IGM Sa,Z[aHHOﬁ Harpy3kKu B TCUCHHHU HCKOTOPOT'O BPCMCHH.

Cxema ucnpITaHus 1aHAa HA pUCYHKE | .
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Pucynok 1 Cxema ucnbiTaHus Ha TBEPAOCTH 10 crioco0y bpunens

B pesynbpraTe BAaBiaMBaHUA LIAapUKa Ha MOBEPXHOCTH 00paslia MOoJydaercs

orredatok (JryHka) . Yucno tBepaoctu mo bpunemio , o603Hagaemoe
P 2
HB:F Mna , kr / Mmm*~ /

I'ne P —narpy3ka, H;
F — muiomaap orrneyarka , MM>

[Tnomane F mapoBoro cermenra
F=IID - h,

I'ne D — nuameTp BOAaBIMBAEMOIO IAPUKA , MM ;

h — rnyObuna oTneyaTka ,MM .

Tak kak riayOuHy oTnedarka h u3MepuTh TPyAHO ,a TOpa3/io MPOIIEe U3MEPUTH
nuameTp otrneyaTtka d , To menecooOpa3Ho h Beipazuth uepe3 auameTp mapuka D u

orrneyarka d :

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

Torma F=IID - (D - V(D?—d?) /2 , a ancino tBeprocta mo Bpunemto Gymer
XapakTepusuposathest opmynoit HB= 2P/IID(D- V(D*—d?) .
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6.2 Beibop auameTpa mapuka u Harpyska .

[Hapukn pazauunoro auamerpa (D= 10;5 m 2.5 MM) OpUMEHSIOT B
3aBUCUMOCTH OT TOJIIMHBI HCTIBITYeMOro matepuana ( 5, c. 50)

Harpy3sky P BeIOMparoT B 3aBUCHMOCTH OT KayeCTBa UCIBITYEMOT0 MaTepuasa
o opMmyie :

P=K-D?,

I'ne P -mHarpyska, H;
D - nuameTp mapuka , MM ;
K- nocrosiHHas 171 1aHHOTO MaTepuaia BeinuuuHa ,pasHas 300;100

Hanpumep nipu TonuuHe ucneityemoro oopasua 10 MM U3 4epHOTO MeTasia
K=100, nuamerp mapuka D= 10 mm ,Harpyska

P=100 -D>= 100 -10*= 10 000 H.

IIpubop niisa ucnbITAHUA HA TBEPAOCTH M0 bpunesIo

Haubonee pacrpocrpaHeHHBIM MPUOOPOM MJisi UCTIBITAHUS HA TBEPJOCTH IO
BbpuHento siBnsieTcs aBTOMAaTUYECKUM PhIUYaXKHBIN npecc (PUCYHOK 2).
B 3aBucuMocTH OT Tpy30B , YCTAaHOBJECHHBIX Ha TOJBECKE ,CO3/JaeTCs

pasznuuHas Harpyska ( 5, c. 50) .

Pucynok 2 - Cxema aBTOMaTHYECKOTO PhIUAXHOTO Ipecca AJis OnpeneaeHus

TBEPIOCTH :
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l-cranuHa ; 2-3KCHEHTPUK ; 3-BUHT ; 4-CTOJMK ; S5-HUCIBITyeMbIN oOpaser ; 6-
HAKOHEYHHMK C IIApUKOM ; 7-IINUHAENHb ; S-mpyxkuHa ;9-matyH ; 10-peryar ; 11-
noaBecka ; 12-rpy3sl ; 13-amextpoaBuratens ; 14- ykaszarenb (KOHTpPOJIbHas

Jamnouka) ; 15-pykosTka .

HOI{FOTOBK& nmpecca 1 mMpoBEIACHUEC HCNBLITAHUH

1. YcranoButh Ha oBecKy 14 rpy3sl 15, COOTBETCTBYIOMINE BRIOPAHHOM /IS
UCIIBITAaHUI HArpys3Ke .

2. HakoHEYHHUK C IIapuKaMHy BCTABUTh B IIIIUHIENb 2 U YKPETIUTH .

3. Ha ctonuk 4 noctaBuTh UcnbeITyeMblil o0pasen 5. OOpa3zen 10JIKEeH II0THO
JeXaTh Ha cTojiuke . LleHTp oTmeuyaTka JOJIKEH HaXOAMThCS OT Kpas oOpaslia Ha
PacCTOSIHUM HE MEHEE TMaMeTpa IIAPUKA .

4. BpamaeM MaxoBUK NOJbEMa LINUHJIEIA 7 110 YaCOBOM CTPEIKE MOJIHUMEM
CTONHUK 4 M MprKuMaeM o0pasel] 5 K mapuky 3 ,lIpoJ0JKaeM BpaliaTh MaXOBUK 10
ynopa .

5. HaxxumaeM KHOIIKM ITyCKa BKJIFOYaeM JJICKTPOIABUIATEND .

6. Korma pelyar ¢ rpy3amMu JOCTUTAeT MCXOJHOTO IOJIOKEHHUS , OITyCTUTH

CTOJIMK 4 U CHSTH C HETO O6p33€ll S5c¢ IMOJIYYCHHBIM OTIICUATKOM .

MeTtoauka H3MEPEHNA oOoTnmedaTka H OolpeacicHue TBEPAOCTH 110

bpuHnesio

W3mepeHusi oTmeyaTka OCYIIECTBISIETCS C TOMOIIBIO JYIbl , Ha OKYJSp
KOTOPOU HaHECEeHa U3MepUTeNbHas MiKana ¢ TouHocThio A0 0.05 mm (5,¢.52...53).

Bennunna tBepmoctn mo bpunemmo HB onpenensiercss Ha mnpakTuke ¢
ucroyib3oBaHueM tabnuils (5,¢.172) . Tak , HarpuMep , TpU TUaMeTpe oTredarka d=
4.00 MM ,Harpyske P= 300 D? ,rne D — muaMerp mapuka ,MM, TBepaocTs HB=2290
H.
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Iopsaaok BeINOJTHEHUsST padOThI

1 M3yuuth CcXeMy HCHOBITAaHUS METAJIOB (CIUIAaBOB) HA TBEPAOCTh I10

Bbpunennto,pacueTHbie GOPMYIIBI .

2 O3HaKOMHTCS ¢ TPUOOPOM JIJIsl HCTIBITAHHS Ha TBEPAOCTH M0 bpHHEITIo .

3 mpou3BeCTH MOATOTOBKY 00pa3ia .

4 TIpon3BecTH MOATOTOBKY MPUOOpA I UCTIBITAaHUSI HA TBEPAOCTh K padboTe .

5 IIpoBecTu uCHbITaHMS , ONIPEAEIUTH TBEPAOCTh 00pa3Ia .

6 HOJIy‘leHHBIG JaHHBIC 3aHCCTU B IIPOTOKOJI HCIIBITAaHUH .

Ne | Marepuai; | YcmoBus [unamerp omneuarka | TBepnocts HB
TonmuHa | UCOBITAHUSA | ,MM
obOpasna,MM | (IuaMeTp | OTIHEYaTOK OTIIEYaTOK cpeaHee
llapuka - | 2-0 | 3-i0 | 1-i1 | 2-i1 | 3-i
,MM)
I |2 3 4 5 6 7 8 9 10

Bomnpocsl aAj1s1 camonpoBepKu

1 Yro Takoe TBepAOCTH ?

2 KakuMu ciocOOHOCTSIMH OTIpeIeNsieTCsl TBEPAOCTD ?

3 Kak npoBOJUTCS UCHIBITAHKE HA TBEPIOCTH O bpunemto?

4 Ot 4ero 3aBUCUT JAHAMETP IIAPUKA W BEIMYMHA HATPY3KH NPU UCIBITAHUN

MeToaoM bpunenns ?
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Pexomenayemas jiureparypa

1 Anackun A.M ,3yeB B.M. MarepuanoBeieHue U TEXHOJIOTHUS MATEPHUATIOB .-
M.:UJI « DOPYM-UH®PA-M»,2015.

2 OsuunnaukoB B.B. Metramnoseneabe —M.:.1JI «DOPYM — NHOPA-M» ,
2015.

3 JlaxTun FOM |, JleontheBa B.II. MarepuanoBegenre. — M.:
Mamunoctpoenue, 1990.

4  Ky3smun B.A. u.gp. TexHosoruss MeTauioOB UM KOHCTPYKUHMOHHBIE
Marepuaisl —M.: MammHocTpoenue ,1981.

5 Camoxoukuit AWM Kynssckuit M.H. JlaGoparopasie paboThl 1O

MCTAJUIOBCACHBIO U TCPMHUYCCKUC 06pa6OTKI/I MCTAJIJIOB .-M.:MaHII/IHOCTPOCHI/Ie,

1981.

JlaGopaTopHasi padora Ne2 «McnbiTaHue HA TBEPAOCTH 10 PokBesLay»
esanb padoTsl

OO0yueHue :

— M3YYEHHUE CXEMbI UCTIBITAHKS METAJUIOB (CIUIaBOB) HA TBEPJIOCTh 10 PokBemty;
— O03HaKOMJICHHE C yCTpocTBOM Ipubopa tuma Poksenna TK-2
— O3HaKOMJIEHHE C METOJMKON OMpeieIeHUsl TBEPAOCTH METAJUIOB (CIJIaBOB) MO
Poxgemny .
BocnurarenbHas :

— BOCMHTAHHUE Y CTYJCHTOB 3HAYMMOCTH MTPO(PECCHOHATBLHBIX MPAKTUYECKUX
HaBBIKOB ;
— BOCIIUTaHME MOJIOKUTEITHLHOTO K MPOLIECCY MPUOOPETEHUS 3HAHUH
— BOCHUTAHUE JUCIHUIIMHUPOBAHHOCTH .
Pa3Butne :

— YMEHHE y4eOHOro Tpy/ia

3amanune

1. U3yuuTh cXeMy HUCTIBITAHUSI METANIOB (CIIABOB) HAa TBEPJIOCThH 1O
Poksemny.

2. O3HaKOMUTHCH ¢ ycTporicTBoM npudopa TK-2.
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3. ByuuTh METONMKY OTPEACIICHUS TBEPIOCTH METAIJIOB (CILIABOB) TIO
Poxsenny.

4 ,CocTaBUTh OTYET.

MarepuajbHoe obecnieueHue
1 ABroMaTtnueckuil ppiYakHbIN npecc Thina bpunennsa TLL-2
2 O6pa3iibl 4151 UCTIBITAaHUSA .
3 Jlyna nist u3MEpeHHusl [aMeTpa OTIIeyaTKa .

4 HanuipHUK ,IUTM(QOBAIBHBINA CTAHOK , UG OBaIbHAs Oymara.

KpaTkue TeopeTH4ecKue cBeeHUsI

TBepmOCThIO HA3BIBAETCS CBOMCTBO TIOBEPXHOCTHOTO CIIOS MaTepuaia
COINPOTUBIIATECSA JACPOPMHUPOBAHUIO IIA PA3PYIICHUIO MPH MECTHOM KOHTaKTHOM
BO3JICHICTBMM CO CTOPOHBI 0o0jee TBEpAOro, HE TOIYYaloIIero OCTaTOYHOM
nedopmanuu Tena (MHIASHTOpa) ONpeieIeHHOW (OPMBI U Pa3MEPOB.

JIJ1st MHOTHX CIUTAaBOB YCTAaHOBJICHA YETKas 3aBHCHUMOCTHh MEXIYy TBEPIOCTHIO,
MEXaHUYECKUMH ,dKCIUTYaTaIlAOHHBIMA U TEXHOJIOTHUYECKUMHU XapaKTEPUCTUKAMH .
[TosTOMy M3MepeHHe TBEPJOCTH SBIACTCS HanOOJee pacripoCTpaHEHHBIM METOJIOM
MeXaHU4YeCcKux HcmbiTanuid . K ocTanpbHBIM MeTOJaM HCHIBITAHUW Ha TBEPIOCTh

OTHOCATCA TpU CTAHAAPTHBIX MCTOJIA : EpI/IHeJ'IJ'DI , PokBenna u BI/IKKCpca.

CymHocTh, c€XeMa MCHObLITAHUS ,pacdeTHble (opMYyJIbI ,oONpeneeHne

TBepaocTy no Poxkseny .

HcnbiTanne Ha TBepaocTh no PokBemny NpPOU3BOIAST BIABIMBAHUEM B
UCIIBITYeMbId O0pa3ell aJiMa3HOTO KoHyca c yrimom 120° mpu BepiivHE WU
CTaJbHOI'O 3aKajJeHHOro Imapuka auamerpoMm 1,588 mm . Illapuk u KOHYC
BJABIMBAIOT B UCIHBITYeMbI oOpasell Moj ACHCTBHEM JBYX IOCJIEI0BATEIbHO
puJIaraéMbIX Harpy3ok — npeasaputeiabHoit PO u ocHoBHoit P1 . OOmas Harpyska

OyJzet paBHa cymme nipeaBaputenbHol PO Harpy30ok 1 OCHOBHOM
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P1;P=P0+ Pl (pucynok 1)

Pucynok 1- cxema WcnpITaHUN Ha TBEPJIOCTh BAABIMBAHMEM aJIMa3HOro KOHyca (Ha

npubope Pokgena)

[IpenBapurenbHas Harpy3ka Py Bo Bcex ciyyasx paBHa 100 H, ocHoBHast P4
u obmas P Harpy3ku mpu BIaBIMBaHWM CTALHOTO Iapuka (mkamna B) cocraBiusioT
P;=900H, P=100+900=1000H, a nmpu BaaBiIuBaHWUU ajMa3HOTO KoHyca (mkayna C)
P,=1400H, P= 100+1400=1500H, npu BOaBIMBaHUU aJMa3HOTO KOHYyca (IIKana A)
P,=500H, P=100+500=600H.

Yucno tBeppoctu mo PoxBemy BenuM4MHA OTBJICUCHHAsT U BbIpaXXaeTcsl B
YCJIOBHBIX €IMHUIIAX.

3a eQuHHIly TBEPAOCTH MPHUHATA BEIWYMHA, COOTBETCTBYIOIIAs OCEBOMY
nepemenieHno HakoHeyHrka Ha 0,002mm.

Uucno tBepmoctu mo Poksemmy HR onpenensiercs mo ¢opmynam mpu
u3mepenuu no mkaie B HRB=130-e, npu n3mepenunu no mkane C u A HRC=100-e,
HRA-e.

Benuuuna e omnpezensercs no cienyrouieit hopmyse:

rjae h- rmyOnHa HaKOHEYHWKA B HCTIBITYEMBIM MaTepra Mol ACHCTBUEM HATPy3Ku
P, n3amepenHas nocie CHATUS OCHOBHOM Harpy3ku P, ¢ octaBienueM

npeaBapuTenbHoil Harpy3ku P, hy - riiyOrHa BHEApEHHs] HAKOHEUYHUKA B
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WCIIBITYEMBIN MaTeprall IO IEMCTBUEM MPEABAPUTEIBHON HArPy3KHU P .

B 3aBucuMoCTM OT TOro, NPUMEHSIOT IIAPUK WIM aJIMa3Hblii KOHYC, U OT
Harpy3KH, Ipy KOTOPOW MPOBOJAT UX UCTIBITAHUE(T.€. Mo Kakoi mkaie: B, C umu A),
gucio TBepaoctu o6o3navaror HRB, HRC, HRA.

BenuuuHa TBepaoCTH UMTaeTCs MO IIKaje MpuOOpa, MNpU HCIBITAHUU

aJIMa3HbIM KOHYCOM — I1I0 tIGpHOI\/'I IIKaJIC, ITPU UCIIBITAHUHU HMIAPpUKOM — I10 KpaCHOﬁ.

Bp100p HArpy3KkM U HAKOHEYHHUKA

Harpy3ky u HakOHEYHHWK BBIOMpPAIOT B 3aBUCHMOCTH OT TBEPAOCTH
ucnsiTyeMoro ob6pasua (5, c.59). Hampumep, npu usmepenuu tBepaoctu HRC,
Harpy3ka 1500H, npenenst usmepenuii 20...67 enunun. Ha mpakTuke crajabHbIE
3aKajeHHbIE O00paslbl MCHBITHIBAIOT aJIMa3HBIM KOHYCOM, CEpble — CTaJbHBIM

3aKaJICHHBIM HIapHUKOM.

IMoaroroBka npudopa tumna PokBenna, npoBeleHHe HMCNBITAHUSA ©
onpejesieHue TBEPIAOCTH

1. YcraHoBUTh HEOOXOIUMYIO Harpy3Ky (cxema mpubdopa 5, c.56).

2. YCcTaHOBUTb UCTIBITBIBAEMBIN 0Opasel] 6 Ha ctoi 7 npudopa.

3. Bpaiienuem MaxoBHKa 8 IO YaCOBOM CTPEIKE CTOJ OCTOPOKHO MOJHUMATS,
P ATOM CTpeJiKa UHAUKATOpa AOJDKHA CTAaTh MPOTHB KPACHOW TOYKH, a OoJbIasi, C
MOTPENTHOCTBIO + 5 NeNeHuH, Ha HyJIb MIKaJbl HHIUKATOPA, €CJIM OOJIbINAasl CTPENKa
Oyaer OTKJIIOHEHa OoJjblle, YeM * 5 JeJeHHl OTHOCUTENbHO HYJEBOrO ULITpUXa
IIKaJIbl, HEOOXOIMMO BpAIlIEHHEM MaXOBHKa 8 MPOTHUB YAaCOBOW CTPENKH OMYCTHUTh
CTOJI (CHSATH MpEABAPUTENILHYIO HArpy3Ky) U UCIbITaHUE MIPOBECTH BHOBBL B JIPYTOM
MecTe o0pasiia.

4. Bpamenuem Oapabana 9 ycraHoBUTH HyJb IKalbl C (4epHOro IBETa)
MPOTUB KOHIIA OOJIBIIION CTPENKUA WHANKATOPA.

5. IlnaBHBIM HakaTWEM PYKH Ha KinaBuily 10 BKIIOUNATH NMPUBOJ MEXAHU3MA

Harpy KeHUsI.
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6. Ilocie OKOHYAHMS ULWKJIA HArpyXEHHUs NTPOM3BECTH OTYET MO IIKaJe
uHaukaropa. [lomydeHHbI pe3yapTaT TBEpAOCTH 3amucath B rpady 4 mpoTokosia
WCTIBITAHHUS.

7. BpaleHue MaxoBUKa 8§ MPOTHB YAaCOBOM CTPEJIKHM OMYCTUTH CTOJ (CHSTh
MpPEBAPUTEIIBHYIO0 Harpy3ky), oOpas3ell NmepeBUHYTh W TOBTOPUTH HCIBITAHUE B
apyrom mecte obpasua. Ha xaxmom oOpasie T0MKHO OBITH MPOBEACHO HE MEHee
TpeX ucbITaHui. PaccTossHMe 1ieHTpa oTmevyaTrka oT Kpas oOpaslia Wik OT IIEHTpa
JIPYroro NOJDKHO OBITh HE MeHee 3 MM. Pe3ynbrarbl MOCIETyIONIMX HCIBITAHUN
TBEPJIOCTH 3amucaTh B rpady S5 u 6 mpoTOKOJIa UCIBITAHUS, a CpeiHee — B rpady 7.

8. Uwucna TBepaocty no PokBemly mnepeHecTH B 4YHMCia TBEPAOCTH IO

Bbpunenito u 3anucate B rpady 8 mpoTOKOJIa UCTIBITAHUA.

IopsiioKk BbINOJIHEHUS Pa0OThI

I. M3yunThp cxeMy HCHOBITAaHUS METALUIOB (CIUIaBOB) Ha TBEPAOCTh IO
PoxBemny, pacyeTHbie (OPMYJIBL.

2. O3nakoMutbes ¢ npudopom tuma Poksermna TK-2.

3. IlpousBectu MOATOTOBKY OoOpasia.

4. IloaroroButh npubop tuna Poksenia, IpOBECTU MCIBITAHUE, ONPENETUTH
TBEpPJOCTH 00pasla.

5. TlonydeHHble JaHHBIE 3aHECTH B IMPOTOKOJI UCIIBITAHUM.

IIpomoxkon ucnvimanus Ha meepoocmas

Ne | Marepua | IlIkan | Tepmocts HR TBepnoct
n/ |7 a ITepBoe Bropoe Tpetbe cpenHe | b o
n | oOpasua U3MEPEHU | U3MEPEHU | U3MEPEHU | € bpunemnn
e e e 10
(mepeBon)
I |2 3 4 5 6 7 8
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Bonpocel 111 caMonpoBepKu

1 . Yrto Takoe TBepAOCTh MeTaIoB? KakuM crmoco0oM oHa onpenenseTcs?

2. Kak npoBOJIUTCS HCIIBITAHKE HA TBEPIOCTh MO0 PokBemmy?

3. B kxakom ciyuae uCrosib3yeTcs aiMa3Hblii KOHYC, a KOTJla CTallbHOM
3aKaJICHHBIN IIAPUK?

4 . JIns Kakux METaJJIOB (CIUIaBOB) MIPUMEHSIIOT UCIIBITAHUS HA TBEPJOCTh 10
Poxsemny?

5. CpaBHuTb criocoObl U3MEpeHus TBepAocTU 1o bpunemno u Poksemny.

Copnep:xanue oTuera
OTuer J0JDKEH COJIepKaTh:
- KpaTKO€ OINUCAHKUE CYITHOCTH, CXEMBI UCIIBITAHUSI, paCUe€THbIC (POPMYIIBL;
- IPOTOKOJI UCTIBITAHUS HA TBEPAOCTH;

- BBIBOJHI.

Pexomenayemast sureparypa

1. Anackun A.M., 3ye B.M. MarepuanoBeaeHue W TEXHOJIOTHUS
MetauioB.-M.: 1. JI. «DOPYM» NHOPA-M,2017.

2. Ky3smun B.A. u np. Texnonorus MeTainoB W KOHCTPYKIIMOHHBIE
Matepuaibl.- M.: MammuocTtpoenue,1981.

3. JlaxTun 0.M., JleontnheBa B.IL MarepuanoBenenue.-M.:
Mammnoctpoenue,1990.

4, OBunnHukoB B.B. Meramuiosenenue.-M.:.1J][ «DOPYM» HNHODPA-
M,2015.

5. Camoxonkuit A.W., Kyussckuit M.H. JlaGopatopubie paboTHl TIO
METAJJIOBEICHUIO u TEPMUYECKOU o0OpaboTke MeTasioB.-M.:

Mammunoctpoenue, 1981.
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JlaGoparopHasi padora Ned «Mukpoanaam3 crajeil U 0ejibIX YYyI'YyHOB B
PABHOBECHOM COCTOSTHMI»
eab padoThl
OO0yueHwus:

— M3yUYCHHE MHUKpOaHalu3a CTald MU O€JbIX YYyTYHOB C pPa3IMYHbIM
COJIEp>KaHUEM yTIiepoja

— YCTAHOBJICHUE CBSI3U MEXAY CTPYKTypaMU U JuarpaMMON COCTOSTHUS
«OKEIIe30-1IEMEHTHUTY
Bocnuranus :

— BOCIIHUTAaHUE Yy  CTYAEHTOB  3HAUYUMOCTH  MNPO(deCcCHOHATbHBIX
MPAKTUYECKUX HABBIKOB ;

— 9yBCTBO OTBETCTBEHHOCTH 32 KAYECTBO BBIMOJIHSIEMOM pabOTHI .
PazButus :

— YMEHHs paboTaTh B KOJUIEKTUBE UCIOJHUTEIEH.

3ananue

1 U3yuuTh MUKPOCTPYKTYPY YIJIEPOJUCTBIX CTalied U OeNbIX YyTryHOB C
Pa3IUYHBIM COJEP’KaHUEM YTIIepo/ia

2 3apucoBaTh UCCIICIOBAHHBIE MUKPOCTPYKTYPBI U CXEMBbI MUKPOCTPYKTYP

3 YCTaHOBHTH CBS3b MEXKIY CTPYKTYpPaMHU U TUArPaMMON COCTOSTHHS <OKeJe30-
IIEMCHTHT

4 OpopMHTH OTYET.

MarepuajbHoe odecnieueHune

1 MetanmnorpadudecKkuii MUKPOCKOIT

2 Habop muxponuindoB TEXHUYECKOTO XKeje3a , YIIEPOJUCThIX CTalled U
OeJbIX YyTYHOB ( C pa3IMYHBIM COJECpPKaHUEM YTIiepoia )

3 ]_—[I/IaI‘paMMa COCTOAHMUA KCIIC30 — ICMCHTHUT
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Kparkue TeopeTrnyeckue cBeieHust
MUKpOCTPYKTYypa TEXHHYECKOTO JKeJe3a M YIIEPOAMCTBIX CTaled s
PAaBHOBECHBIX YCIIOBUM XapAaKTEPU3YETCS HUKHEW JIEBOM YAaCThIO JUArpaMMBbI
COCTOSIHUSI JK€J1€30—I1IeMEHTUT (PUCYHOK 1.1)
Cmnassl ¢ cogepxkanueM 10 0.02% C Ha3pIBatOTCA TEXHUYECKUM KEJIE30M , OT
0.02 no 0.3 % C — posprexkrougnbiMu ctajgsiMu U ot 0.8 mo 2.14 % C —

sBTekTOMAHbIMU. CmiaB ¢ comepxkanueMm 0.8 % C Ha3biBaeTcsi 3BTEKTOUIHOU

CTaJIbIO.
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Puc.1- HwxHss neBas yacth AuarpaMMbl COCTOSIHUS KEIE30 — IEMEHTUT

B Genpix uyrynax (puc.2) Bech yriaepoj HaxXOJUTCS B CBSI3aHHOM COCTOSTHUU ,
T.¢ B BHJIC IIEMEHTUTA . benplii 4yryH B 3aBUCHUMOCTH OT COJEp)KaHUs yriaepoja
paznensiercs Ha qodBTekTrueckuii ( ot 2.14 1o 4.3 % ) , aBrexruueckuii (4.3 % C) u

3asBTekTHueckuii ( ot 4.3 10 6.6 %)
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PacTtBopumocts yriepoaa B L - xese3e nmepemenHass (cm.umHuio PO Ha
puc.l) C noHmxkeHreM TeMIepaTypbl pacTBOpUMOCTh B L-xkenese moHmxkaercs [lpu
727C B L-x)enesze pactBopsierca 0.02 % C , a npu komHatHoM Temneparype 0.006%
C . B cBs3u ¢ aTuM cruiasel xkenesa ¢ cogepxkanueM 10 0.006 % C umeror cTpykTypy
TOJIBKO TBEPAOTO pacTBopa yriepona B L — xemese , T.e pepputa , (cMm. puc.3 ) B
crutaBax ¢ cogepxkanrem ot 0.006 no 0.02 % C B ¢ MOHMKEHUEM PACTBOPUMOCTH
yraepoaa B L — ixene3e Mpu NMOHMKEHUU TEMIEpaTypbl U3 (eppuTa BBLACIACTCS
LIEMEHTUT ,HA3bIBAEMbIII TPETUYHBIM . TPETUYHBIA LEMEHTUT BBIAEISIETCS 10

rpa”uniam 3epeH deppurta ( puc.4)a

Puc.3- Texunueckoe xene3o — Gpeppur:

a) MUKPOCTPYKTYypa , 0) cxemMa MUKPOCTPYKTYPHI .

Puc.4- Crans ¢ 0.015 % C — depput + neMeHTUT (TpeTUUHBIH ):

a) MUKPOCTPYKTYypa , 0) cxeMa MUKPOCTPYKTYPBHI.
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MuUKpOCTPYKTYpa JA03BTEKTOMAHOMU U IBTEKTOMIHOM CTaJIN.
MukpocTtpykrypa gosprektounnon cramu (n1o 0.8 % C )cocrout u3 ¢eppura u
nepauta, 3BTekTonaHon cranu (0.8 % C ) — u3 ogHoro nepauta . MUKpOCTpYyKTypa
(dbepputa nana Ha puc.3. Ha puc.5 nana mukpoctpykrypa nepauta . [Ipeaut — sto
OBTEKTOUJI-MEXaHUYECKass CcMech (deppuTa W IIEMEHTHTA ,MOJIy4aromascs B

pesyabrare pacnaaa aycrenuta ¢ 0.8 % C.

Puc.5- OBrekrouanas cranb ¢ 0.8 % C-nepiur:

a) MUKPOCTPYKTYpa , 0) cxema MUKPOCTPYKTYPHI .

Ha wmukpocTtpykrype mnepnura oOumi ¢GoH — depputr , BbICTyHarouue
MJIACTUHBI — IEMEHTHUT ,TEMHbIE MECTA — TEHH .
B nosBTEeKTOMIOHON cTamu mocie TpaBieHUs (EppUT BBISBISETCS B BHUJIE

CBETJIBIX MOJIEH , a IEPIUT — B BUJIE MTOJIEH MOJIOCYATOr0 CTpoeHus (puc.6 ) .
ﬁ' *"‘W W"" oo }r{ r : g\;ﬂ 3 Bivy W ; - 3

Puc.6. losBrekrounnas ctanb ¢ 0.3% C -dhepput + nepaur :

a) MUKPOCTPYKTYpa , 0) cxeMa MUKPOCTPYKTYPbI
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CopaepxxaHue yriepoaa B 103BTeKTOUTHOM CTAJIH 10 MUKPOCTPYKTYpe .

[To MHKpPOCTpYKTYpe [dO3BTEKTOMJHOW CTald MOXHO HPUOIU3UTEIBHO
ONpENEeINTh COAEpKaHWEe B HEW yriaepoja, I 4Yero HYXHO OPHUEHTHUPOBOYHO
ONPEEHUTh MJIOMAAb (B MPOLUEHTAaX), 3aHUMaeMyt0 (eppUTOM U NepauToM. B cBsizu
C TeM, 4TO B (heppuTe PACTBOPEHO OUYEHb HE3HAUMTEIHHOE KOJIHYECTBO YIJIEPO[a,
MPAaKTUYECKH MOYKHO CYHTATh, YTO B JIOBTEKTOHUJIHOM CTald BECh YIJIEPOL

HAXOJUTCs B repyure. Toraa colepkanue yriepoaa B CTajal MOKHO ONPEACIIUTH I10
bopmye:
0,8

C=F,- %
rae

F, - nnomane, 3anuMaemas nepiautom %.

[Ipenmnonoxum, HarpuMep, 4To moioBuHa miomaan (30 %) 3aHATO NEPIAUTOM,

nosioBuHa peppurom. CozieprkaHue yriiepojia B TaKOM ctaiu Oy1eT paBHO
70 0.8

=0.569
100 &

MukpocTpyKTypa 323BTeKTONTHOM CTAJIHU.

MukpoctpykTypa 3a3Brekronanoi cranmu (C = 0,8 - 2,14 %) umeer CTpykTypy,
COCTOSIIIYI0 W3 TEepJuTa U I[IEMEHTUTA BTOPUYHOTO. BTOPUYHBIN 1EMEHTUT
BBIJICISICTCS. U3 ayCTEHUTA MPHU OXJIAXKICHHH OT TeMImeparypbl A., (Jiunus SE) no
temriepatypbl A, (iuausg SK ) (cm.puc. 1)

[Ipn MemsieHHOM OXJaXJIEHUU LEMEHTUT BTOPUYHBIN BBIIEISETCS B BHUJIE
CETKU 10 TpaHullaM 3epeH aycteHuTa. [Ipu noctmxkeHun temmepaTypbl A, ayCTEHUT
npeBpaiaercs: B nepiut. B pesynbraTe MEIICHHOTO OXJIAXIEHUS 3a3BTEKTOWIHAS
CTajJb MUMEET CTPYKTYpYy IEpiuTa U CETKU LIEMEHTUTa, Oejiasi ceTKa - BTOPUYHBIN

LIEMEHTHUT, & BHYTPU CETKH 3€pHA INTACTUHYATOrO CTPOEHUS - IEPIUT (pHC. 7.)
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Puc.7- 3asBrexrounnas crans ¢ 1,2 % C- nepnut + nuementur (11 ):

a) MUKPOCTPYKTYypa , 0) cxema MUKPOCTPYKTYPBHI.

MuKpOCTPYKTYpa 3BTEKTHYECKOr0 0eJIoro 4yryHa

MuUKpOCTpYKTypa IBTEKTHUUECKOTO OEJIOT0 YyryHa COCTOMT TOJBKO M3 OJTHOTO
neneObyputa (IIEMEHTUTHOM DSBTEKTHKH), oOpasyromerocs mpu 1147° C mpu
ABTEKTUYECKON KPUCTAJUIM3AMKN >KUAKOro cmiaBa ¢ coxaepxkannem 4,3% C u
cocrosimero (mpu 1147° C) w3 D2BTEKTUYECKOTO IIEMEHTHTAa U ayCTCHUTA,
conepxartero 2,14% C (Touka E Ha auarpamme xene30— I[EMEHTHUT) U EPBUYHOTO
neMeHTuta . llpu mocreayromeM  OXJIAKICHUM  BCJIEJACTBUE  YMEHbBIICHUS
pPacTBOPUMOCTH yriepoja B aycrenute (muHusa E Ha nuarpamme xene30—IeMEHTHUT,
puc. 2) u3 aycreHuTa BblJENsAeTCS (Kak U B 3a3BTEKTOUJIHBIX CTaJsIX) BTOPUYHBIM
LEMEHTUT. BTOpUYHBIA NEMEHTUT CIUBACTCS C LEMEHTUTOM 3BTEKTHUUYECKUM,
MIOATOMY B CTPYKTYpE OBTEKTUKHM HEBO3MOXHO YyKa3aTb, TIJ€ HAXOJIHUTCS B
OTACILHOCTH DBTEKTUYECKUN IIEMEHTUT M BTOpPUYHBIN meMeHTuT. Ilpu 727° C
ABTEKTHUKA COCTOMT W3 LEMEHTUTAa U aycreHuTa ¢ cogepxkanuem 0,8% C. IIpu stoi
TeMIlepaType ayCTeHHUT IpeBpamniaeTcss B nepiautT. Takum oOpazoM, mocie MOJHOTO

OXJIaXeHUsI- Jieae0yput (puc.8)

...ﬁ:ﬁ:ﬁl', b “

o
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Puc.8- OBrexTnueckuit 6enbiit uyryH ¢ 4,3 % C — neneOypur:

a) MUKPOCTPYKTYypa , 0) cxeMa MUKPOCTPYKTYPHI .

MuKpOCTPYKTYpPa 103BTEKTHYECKOI0 0€J10ro 4yryHa.

JlodBTEeKTHUECKU O€Nblii YyryH TIOCIIE TIOJHOTO OXJIAXICHUS UMEET
CICAYIOIIYIO0 CTPYKTYpY: JieneOypuT (LIEMEHTUTHAs JIBTEKTHKA) + MEpJUT + BTO-
puuHbld 1leMeHTHT. C yBEIMUYEHHWEM COJACp)KaHUS yIJIeponaa, Koraa Jieaedypura
CTAaHOBUTCSI OTHOCHTEIILHO MHOTO, BTOPUYHBIA IIEMEHTHUT B CTPYKTYpPE CIUBACTCS C
IIEMEHTUTOM JieaeOypuTa (IBTEKTHYECKUM). MOKHO CUHTaTh, 9TO CTPYKTypa TaKUX
JO9BTEKTUYECKUX O€NbIX YYTyHOB COCTOMT U3 Jeaedyputa (IIEMEHTUTHOMN

ABTEKTUKM) U niepiuTa (puc.9.)

Puc.9 - JloaBTexkrrueckmii 6embiii uyryH ¢ 3% C- nmepauT + 1equoypur:
a) MUKPOCTPYKTYpa, 0) cxema MUKPOCTPYKTYPBI.

MuKpoCTpyKTYpa 32a3BTEKTHYECKOr0 0€eJ10ro 4yryHa.

MuKpocTpyKTypa 3a3BTEKTUYECKOIO OEJIOro UyryHa COCTOUT U3 JenedypuTa
(LIEMEHTUTHOM 3BTEKTUKH) U IEPBUYHOTO LIeMeHTHUTa (puc. 10).

Puc.10- 3asBrekrnueckuii 0enpiii uyryH ¢ 5% C- ieMeHTUT ( IepBUYHBII) +
nene0ypur:
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a) MUKPOCTPYKTYypa , 0) cxeMa MUKPOCTPYKTYPHI.

IHopsiioK BBINOJIHEHUS PadOTHI

I M3yuntb OCHOBHBIE TEOPETUYECKHE IIOJOKEHHS O  MHMKPOCTPYKTypax
YIJIEPOJIUCTBIX CTajell U OEbIX YYyTyHOB.
2 TloaroToBUTH K paboTe MeTauiorpadpuIecKiuii MUKPOCKOTI.
3 moAroTOBUTH 00pa3Ilbl CTaIel U OEJIbIX YyTYHOB K MPOBEACHUIO MUKPOaHAIN3a
4 VccnenoBaTb MHMKPOHUTU(BI TEXHUYECKOTO >KEJIE30 ,YIIEPOAMCThIX cTajell u
OeNnbIX YYIyHOB U OINpPEAEIUTh MHUKPOCTPYKTYpbl .CpaBHUTH BBISIBJICHHBIC
MHUKPOCTPYKTYpPBI C 0003HAUEHHBIMU Ha AUATPAMME KEJI€30-LIEMEHTHUT .

Bonpocsl Aj1s1 camonpoBepKu
1. Yro Takoe deppur ? KakoBbl ero MexaHuueckue cpeacTaa ?
2. Yro takoe nepaut ? KakoBbl €ro MEXaHMYECKHE CBOWCTBA?
3. Yto Takoe nueMeHTUT ? KakoBbl €ro MEXaHUYECKUE CpeICTBA ?
4. Kak MeHsIeTCs CTPYKTypa CTaJld B 3aBUCUMOCTH OT COJIEpKaHUS yrieposaa ?
5. Uto BXOJUT B COCTaB JiefeOypuTa Oenbix uyryHoB npu temneparype 1147 C u npu
KOMHATHOM Temmneparype ?

Copep:xanue oTyera

OTyeT AOJKEH coaepkKaTh ICKU3 JUAarpaMMbl COCTOSIHUS KEJIE30 — HUEMEHTUT U
KPaTKyl0 XapaKTEPUCTHUKY CTPYKTYp COIVIACHO JHAarpaMMbl B 3aBUCUMOCTH OT
COJIEpKaHMs yTIepoa B CIJIABaX ;

— JCKH3bI UCCIEAOBAHHBIX CTPYKTYP U UX CXEMBI
— COCTaB HCCIIEIOBAHHBIX CTPYKTYD ;

— BBIBOJHBI .

50



Pexomenayemasi imreparypa

1. Anmackun A.M  3yes B.M. MarepuanoBenenue U TEXHOJIOTHUSA
marepuaiioB .-M.: 1] « DPOPYM-UH®PA-M»,2017.

2. OBunnHukoB B.B. Metaiumoenense —M.: 1]l « DOPYM — MHDOPA-M»
,2017.

3. JlaxTun IO.M , JleontheBa B.II. MarepuanoBeaenbe. — M.:
Mammunoctpoenue, 1990.

4. Kyspmun B.A. u.ap. TexHonoruss MeTamioB U KOHCTPYKIMOHHBIE
Marepuaisl —M.: MammHoctpoenue ,1981.

3. Camoxonkut AWM ,Kynsasckuit M.H. JlaGopatopHbie palOThl TIO
METaJUIOBEJIEHbI0 MW TepMUYecKre oO0paboTKM MeTauioB .-M.:MammHocTpoeHue,

1981.

HNuTepHer — pecypc :
rutor.info>torrent...adaskin...materialovedenie.books.academic.ru>book.nst...

PexomenmyemMbie y4ueOHBIC M3IaHUS U DJIEKTPOHHBIE PECYPCHI, UHTEPHET -
pecypcbl

JI1.Anackun A.M. Marepuanoseaenue. —M.: Akagemus,2015,2016,-239 c.
JI2. OBunnnukoB B.B. Metamnoseaenue. — M.: U] «®OPYM»; UHD®PA-M, 2015-
320c.
OP1. borogyxoB, C.M. Kypc wmarepuasioBeeHusi B BOINPOCAX U OTBETaxX
[DnexTponHbIil pecypc] : yued. mocodbue / C.U. borogyxos, A.B. Cuntoxun, E.C.
Ko3nk. — Onextpon. naH. — Mocksa : MammHocrpoenue, 2014. — 352 ¢c. —
Pexxum moctyma: https://e.lanbook.com/book/63212. — 3ari. ¢ skpaHa.
OP2. Tapudynnmun, ®.A. MarepuaioBelecHHe U TEXHOJIOTHS KOHCTPYKIIMOHHBIX
MaTepHalioB; Y4eOHO-METOANYECKOE IMoco0ue [ DISKTPOHHBIN pecypc] : yueo.-MeTo 1.
nocobue / @.A. I'apudymnun, P.I. Arwonos, B.B. XunsikoB. — DnekTpoH. gaH. —
Kazanp : KHUTY, 2013. — 248 C. —  Pexunm JOCTyIa:
https://e.lanbook.com/book/73296. — 3ari. ¢ s3xpana.
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NHTEpHET- pecypChl.
NP1. Enunoe okHO q0CcTyna K MHPOPMAIIMOHHBIM pecypcaM
http://window.edu.ru/

NP2 HaunonanbHas 31eKTpOHHAs OMOIMoTeKa

http:/www.elibrary.ru/.

JlaGopaTopHasi padora Ne 4.
Tema padoTbl: «3aKajaka CTaJIW)
eab padoTsl

OO0y4eHwus :

— O03HAaKOMUTCS C TEXHOJIOTUYECKUM MPOIIECCOM TEPMUUYECKON 00pabOTKH ;

— MPaKTUYECKUX HABBIKOB IMPOBEICHUSA 3AKAIKH YTJIEPOJIUCTON CTaJH .
Bocniuranus

— BOCIHUTAHUA Y CTYJAEHTOB OTBETCTBEHHOI'O OTHOIICHUS K JOCTHUKECHUIO
IOCTaBJICHHOM 1IEJIH .
Pa3Butns :

— JIOTUKHU MBINUJICHUSA U YMCHHSA IIPUHUMATD 00OCHOBaHHBIC PCLICHUSA .

3aganue

1 moaroToBUTH 00pa3Ibl U3 YTIEPOIUCTON CTANIN JUIs IPOBEICHUS
TEPMHUUECKON 00pabOTKH .

2 OnpeaenuTs pexXUMbI IPOBEACHUS 3aKaJIKH U OTITYyCKa YTIIEPOAUCTON CTAIH

3 [IpousBecTu 3aKajiKy U OTITYCK 00pa30OB U3 YIIIEPOIUCTOMN CTaIH .

4 OnpenenuTs TBEPJOCTh 00PA3IIOB MOCTE 3aKaIKH U MOCJIe OTITyCKA .

S IIpousBecTr CpaBHEHUE U3MEHSAIOIINUXCSI MEXAaHUYECKUX CBOKCTB

(TBepAOCTH) 00Pa3IOB U3 YIIIEPOAUCTON CTaIM 10 U MOCJE TEPMUUYECKON 00paboTKH
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5 MarepuajbHoe o0ecnevyeHue

1 O6pa3iibl U3 yriaepoaucTon CTau .

2 DnexTpuyeckas MyQenabHas nedb .

3 TepmodneKTpUUECKNN TUPOMETP.

4 3akaiouHbIid O0aK ¢ BOJOM .

5 MacnsiHas BaHHa .

6 ITpubop TK-2 mns onpeneneHust TBepAocTy 1mo Poksemny.

7 BcriomoraTrenbHbIe MPpUHAAJIC)KHOCTH U HHIWUBUAYAJIBHBIC CPCACTBA 3alIUTHI

Kparkue TeopeTnyeckne cBeeHUs
CyumHOCTh M HA3HAYEHHE 3aAKAJIKHU
3akanka — TepMOOOpadOTKa ,3aKIIOYAIONIAsiCsi B HAarpeBe CTaju BbIIIE
kputnueckux Touek Ha 30...50 C , BhIAEPXKKE M MOCIEAYIOIIEM OXJIAXKICHUU CO
CKOPOCTBIO KPUTHYECKOW UM OOJBIIE KPUTUUYECKON C LENbI0 JOCTUKEHUSI BHICOKOM

TBCPAOCTH 3a CUCT O6pa3OBaHI/I${ MapTCHCHUTA .

Omnpenenenne TeMnepaTypbl 3aKaJIKH

TemnepaTypa HarpeBa MOJl 3aKajKy OINpEeNsieTcsl M0 HUKHEW JIeBOM YacTu
JUarpaMMbl COCTOSIHUSL <OKEJIE30-IEMEHTUT» B 3aBUCUMOCTH OT COJEp KAHUS
yriepoaa B cranu . JlosBrekromanele crtamu HarpeBatoT Ha 30...50 C Beime
kputnueckod Toukun AC3 ( nuHus puc.l ) 3a3BrekTousnbie — Ha 30...50 C Bblme
kputndeckor Touku AC1 ( munust SK, puc.1)

Omnpenenenne BpeMeHH BbII€P:KKH 00pa3LoOB B Me4YH

Bpems HarpeBa omnpenensercss u3 pacuera 1.5 muH Ha 1 MM guamerpa s

MUJIMHAPUYICCKUX 3arOTOBOK .
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Puc.1- OnTumanbHblid MHTEPBAI 3aKAJIKH YIJIEPOAUCTON CTaH .

Oxu1a:keHue cpeabl

HCHOHBBY@TCH BOJa U MAlIMHHOC MACJIO MapKH «I/IHILYCTPI/I&TIBHOG 30»

CTpyKTypHBIE NIpeBpALICHHUS NPU 3aKAJIKe

B pesynprare HarpeBa JO3BTEKTOMIHOW CTAJIM A0 3aKaJIOYHOM TEMIEPaTyphl U
BBIZICP’KKH UCXOHAS CTPYKTYpa : hepput + NmepiauT mpeBpamaercs B ayctenur . [Ipu
OXJIQXJEHUU B BOJE MPOUCXOAMUT IPEBpAILCHUE ayCTEHUTAa B MApTEHCHUT , a NPHU
OXJIQXKJICHUH B Macjie 00pa3yeTcsi CMEIIaHHasi MApTEHCUTOTPOOCTUTHASI CTPYKTYpaA .
B 3a3BTEeKTOMIHOW CTalld B pe3yibTaT€ HArpeBa [0 3aKaJOYHOM TemIepaTypsl ,
BBIZICP)KKA B ayCTEHUT IPEBpALACTCA MEPJIUT ,CTPYKTypa HPU 3TOM COCTOUT H3
ayCTEHWTa W BTOPUYHOTO LIEMEHTUTA ,[03TOMY CTPYKTypa 3aKaJCHHOW CTaju
COCTOMT M3 MapTeHcuTa ( IpHU 3aKalke B BOJAE ) U MapTEHCUTHO-TPOOCTUTHOM
CTPYKTYpHI ( IIpH 3aKajke B Macliie ) , a TAKXKE BTOPUYHOIO LEMEHTUTA , KOTOPHI

IMOBBLIIIACT TBEPAOCTDb U W3HOCOCTOMKOCTh CTaJH .
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Iopsaaok BeINOJTHEHUsST padOThI

1. Onpenenuts TBepAOCTh 3-x 00pa3iioB (HRB) B ucxoanom (0TOAOKEHHOM )

COCTOSIHUH , UCTIOJIBb3Ysl mpubop Poksenna .

2. Ilomy4deHHblE 3HAHMS TBEPAOCTU B COOTBETCTBUU ¢ Tabmmueit ( 1.c.173 )

«CooTHomenue uucen TBephocty no bpunemno u Poksemny» mnpeoOpa3oBaTh B

BeJIMUMHBI TBepiocTy 1o bpunemnto u Poksemny ( HRC) .

Hampumep , mpu HRB =93 , HB = 1970 H/mMm2 , a HRC = 12.

3. Ucnonw3ysa tabnuiyy 1 , onmpeaenuTh MapKy CTalld U COJIEp)KaHUE B HEH

yriepona , Harpumep , craib 45 comepxut 0.45 % C , ee TBepaocte HB = 2070

H/mM2. Takas sxe TBepAocTh y ctanu Y 12 ,conepxanue yriaepoaa B Helt 1.2 %.

HOPMBI TBEPJOCTH YTJIEPOJIMCTON CTAJIU B OTOXOKEHOM COCTOSHUM

Mapka cranu

TBepHOCTE  OTOMXIKEHHOU

cranu HB ( He 6omee)

Mapka cranu

TBepnoctb

oTOXOKeHHOU ctaiu HB

( HE OoIIEE)
40 1970 Y9 1920
45 2070 Y10 1970
50 2170 Y12 2070
4. YuutplBasg COAEpKaHHWE YTIepoJa B CTalM ONPEICIHUTh TEeMIEpaTypy
3aKaJIKH .

Hanpumep , ais cram Y9 : AC1+(30...50 C ) = 727 + ( 30...50 C ) 760...780 C ,

cm.n.4.2 .

5. Omnpenenuts BpeMs BBIIECPKKUM OOpa3loB B IE€YM MpPU T[PUHATON

temmneparype , (cm.1m.4.3) . Jluamerp obpasion 10mm.

6. IlpomsBectn 3akanky , mnomemas oOpa3lbl B I€Yb , HArperyro o

TeMIEPaTyphl 3aKAJIKU U BBLICPKUBAs B TEUCHUU 33JJaHHOTO BpeMeHHU. OXJaxaeHue

2-x 00pa3IioB MPOU3BECTU B BOJIC ,0JTHOTO B MacJIe .
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7. 3a4MCTUTH TOPLBI OOPA3LOB OT OKAIMH , ONPENCIUTE UX TBEPAOCTb IO

Poksenny (HRC)
Bonpocsl 1151 camonpoBepKku

1. Uto takoe 3akanka ? Kak BeIOMpaeTcs TeMiieparypa HarpeBa moj 3aKajiky ?
2. Kakue cTpyKTypHbIE IPEBPALLEHUS TPOUCXOAAT B CTAJIN MTPH 3aKAJIKE ?
3. IlpousBeaeHHas 3akanka oOpas3ioB u3 cramu 45 u Y12 ¢ temneparypst 760 C .
OOBICHUTH , TOUeMy 00pa3Ilel U3 cTau 45 MmojaydaroT Oojiee HU3KYI0 TBEPAOCTH ,
yem o0pasiibl U3 ctamu Y12 ?
4. TlpousBeaeHHas 3akainka oopasioB u3 cranu Y7 u Y12 ¢ temmnepatypsl Ha 50 C
BBIIIE KPUTUYECKUX ToUeK . OOpa3ilpl U3 Kakou ctayid OyJayT UMETh 00Jiee BHICOKYIO
TBEPIOCTH U IOYEMY ?
Copnep:xxanue oTuera
1 ChopmynupoBaTh CyIIHOCTh U HA3HAUEHHE 3aKAJIKK U OTITyCKa.
2 3apucoBath nquarpammy coctosiHusl Fe-Fesc m 0003HaunTh Temmneparypsl HarpeBa
IIPH 3aKAJIKE U OTITYCKE .
3 OnpenenuTs BpeMs BbIAEPKKU 00pa3LOB B €YU MPU 3aKaJIKE U OTIIYCKE .

4 CocTaBUTb MIPOTOKOJI TEPMUUYECKON 00paOOTKHU YTiAepOIUCTON CTAIH .

MMPOTOKOJI TEPMUYECKOH OBPABOTKHU YTJIEPOJUCTON CTAJIN

Ne Mapka cranmu | [{lnamerp Temneparypa | Bpems BbIIEpKKHU , MUH .
n/n oOpasia MM 3akanku C [Ipu 3akanke
1 2 3 4 5
TBEPJJOCTDb
B ucxognom cocrossHun HRC nocine 3ak-ku
HRB HB HRC B Boze B macie
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Ha ocHoBaHMHU MPOTOKOJIA c/IeJ1aTh cJIeAyollne BbIBOABI :
B pe3yJIbTaTe 3aKajKu Ha TBEPJIOCTb ;
MIPU 3aKaJike B Maclie;

YCM BBIIIC TCMIICPATYypPa OTITYCKA , TCM TBECPAOCTS ...

Pexomenayemasi iureparypa
1 Anpackun A.M ,3yeB B.M. MarepuanoBeeHUE U TEXHOJIOTHUSI MAaTEPUAJIOB .-
M.:NJI « POPYM-UH®PA-M»,2017.
2 OpumnHukoB B.B. Merannosenenbe —M.: 1] « DOPYM — UH®PA-M)» , 2017.
3. Jlaktun FO.M , JleonTeeBa B.I1. Marepuanosenense. — M.: MammHocTpoeHue,
1990.
4 KyspmuH B.A. n.1ap. TexHOIOrUsI METAJVIOB M KOHCTPYKIIMOHHBIE MaTepHUaibl —M.:
Mamunnoctpoenue ,1981.
5 Camoxomkuiit A.U Kynsasckuit M.H. JlaGopatopabsie pabOoThI O METaNIOBEICHBIO

U TepMHUUecKre o0paboTku MeTaiioB .-M.:Mammunoctpoenue, 1981.

JlaGopaTopHasi pa6ora Ne 6
IIpoponxuTebHOCTH padoThI— 2 Haca .
Tema padorsl: «OTHYCK CTATW
eab padoThl
OO0y4eHwUs :
— O3HAaKOMHUTCS C TEXHOJOTUYECKUM IMPOIIECCOM TEPMUUYECKON 00paboTKH ;
— TPaKTHUYECKUX HABBIKOB MPOBEAECHUS OTIIYCKA YIJIEPOJUCTON CTalH .
Bocnuranus :
— BOCIIUTAHUS y CTYJICHTOB OTBETCTBEHHOI'O OTHOLICHHS K IOCTUKEHUIO
MOCTABJICHHOU LIEJIN .
PazButus :

— JIOTHMKHU MBINUJIICHHA 1 YMCHHUA IIPUHUMATD 000CHOBaHHEIE PCUICHUA .
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3aganue

1 moaroToBUTH 00pa3Lbl U3 YIIEPOJUCTOMN CTANIX ISl POBEAEHUS
TEPMUYECKON 00pabOTKH .

2 OnpenenuTs peKUMBbI IPOBEACHUS OTIIYCKA YIJIEPOAUCTOM CTaJH .

3 [IpousBecTr OTITyCK 00pa3IOB U3 YIIIEPOAUCTON CTAIH .

4 OnpenenuTh TBEPIOCTh 00PA31OB MOCIE MOCHE OTITYCKA .

S IIpousBectr CpaBHEHNE U3MEHSIOLINXCSI MEXaHUYECKUX CBOKCTB

(TBepAOCTH) OOPA3IOB U3 YIVIEPOIUCTOM CTAIH J0 U MOCe TEPMUUYECKOM 00paboTKH

5 MarepuajbHoe o0ecnevyeHue

1 OOpa3upl U3 yriaepoaucToi cranu .

2 DnekTpuyeckas MyQeabHas neyb .

3 TepMOdIEKTPUYECKUI TUPOMETP.

4 3akanouHsblil 6aKk ¢ BOJIOM .

5 Macnsnas BaHHa .

6 [Ipubop TK-2 mns onpenenenust TBepaocTy mo Poksemty.

7 BcnomoratenbHbIe MPUHAAJICKHOCTH U MHIUBHUIYaJIbHbIE CPEACTBA 3alUTHI
Kpatkue TeopeTnueckne cBeaeHus
CylmHOCTbh ¥ Ha3HAYEHHE OTIyCKA
OTnyck — BUJ TepMOOOpPAOOTKHU , 3aKITIOYAIONIUICS B HArpeBe 3aKaJICHHOU
CTajJu J0 TeMIepaTyp , He MpeBbIIaronmux kKputudeckyto Touky ACI ( nmuaus PK ,

pI/IC.l), BBIACPIKKC W MCIAJICHHOM OXJIAXIACHHHN . IIPOBOAUTCA C ILCIbIO CHATHA

BHYTPEHHUX HAIPSIKECHUH .
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Buabl orimycka

[Ipu Temmnieparype Harpesa pasznnuaror HU3kuil 10 250 C , cpennnit 350...450

C u Boicokuit 500...680 C ormyck.

Onpene.ﬂeﬂne BPEMEHHU BBIACPKKN 06pa3u03 B II€Y M IIPHU OTITYCKE .

Bpems BblIepxkKH ompeaensieTcss u3 pacyera 2-3 MuH . HA | MM auamerpa

obOpasna .

CTpyKTypHbIE IpeBpalleHus NP OTIyCKe

[Ipy HU3KOM OTHYCKE MApTEHCUT 3aKaJKK TMPEBpAIlaeTCs B MapTCHCHUT
OTITyCKa ,MEHEE MEePEHACHIIIEHHBIA YTIAEPOAOM ; MPH CPETHEM OTITyCKe oOpazyercs
OuYeHb MeJNKas (EepPPUTHO — IEMEHTUTHAS CMEChb-TPOCTHUT OTITYCKa , MPHU BBICOKOM
OTIyCKe — (PEppUTHO — IIEMEHTUTHAsI CMECh — COPOUT OTITyCKa , HECKOJIBKO Oojee
KpymHasi , 4eM TPOCTHT .

IHopsinok BbINOJIHEHUS PA0OTHI

1. Onpenenutb TBepaocTh 3-x oOpasuoB (HRB) B ucxonnom (0Tox:keHHOM )
COCTOSIHMH , UCTIOJNIB3Ysl pubop Poksenna .

2. Tlomy4deHHble 3HaHMSI TBEPAOCTU B COOTBETCTBUU ¢ Tabmmieit ( 1.c.173 )
«CooTHOLIEHUE 4YHcell TBepAOoCTH no bpunemnto u PokBemty» mpeoOpa3oBaTh B
BeIUYMHBI TBepAocTH 1o bpunemno u Poksemty ( HRC) .

Hampumep , mpu HRB =93 , HB = 1970 H/MmMm2 , a HRC = 12.

3. Ucnonb3ysa tabmuuy 1 , ompenenuth MapKy CTajld U COJEp)KaHUE B HeEH
yriiepoaa , Hanpumep , craib 45 cogepxut 0.45 % C , ee TBepaocte HB = 2070

H/mm2. Takast sxe TBepAoCTh y cTanu Y 12 ,coaepskanue yriaepoja B Hei 1.2 %.
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HOPMBI TBEPJOCTH YTJIEPOJJMCTOM CTAJIU B OTOXKEHOM COCTOSHUM

Mapka cranu TBepmocte  oTOXOKEHHOM | Mapka cranu TBepnocThb
cranu HB ( He Ooitee) oTOXKeHHOoW ctanu HB

( He Goutee)

40 1970 Y9 1920

45 2070 Y10 1970

50 2170 V12 2070

4. VYuureiBasg COAEpKAHUE YTIEPOAa B CTAIM ONPEACIUTH TEMIIEPATYPY
3aKAJIKH .

Hanpuwmep , aiig cramn Y9 : AC1+(30...50 C ) = 727 + ( 30...50 C ) 760...780 C,
cm.a.4.2 .

5. Omnpenenuth BpeMs BBIIEPKKH OOpa3loB B TMEYM MpPU TMPUHATON
temmeparype , (cm.1.4.3) . Jlmamerp obpasion 10mm.

6. IlpousBectu 3akalky , momemias oOpa3lbl B Ne4Yb , HArpeTyr o
TEMIIepaTyphl 3aKaJKU U BBIIEPKUBAsI B TEUEHUHU 33JJaHHOr0 BpeMeHH. OXJIaxaeHue
2-x 00pa31oB MPOU3BECTH B BOJIE ,0JHOTO B MAacJe .

7. 3a4nCTUTHh TOpPUBI OOPA3UOB OT OKAIMH , ONPENEIUTE UX TBEPAOCTH IO
Pokgsemry (HRC)

Bomnpocsl 1151 camonpoBepKu
1. Yro Takoe 3akanka ? Kak BeiOupaeTcs Temneparypa HarpeBa moj 3akaiky ?
2. Kakue cTpyKTypHbIE IPEBPAILEHUS TPOUCXOISAT B CTANIM MIPH 3aKaJIKe ?
3. IlpousBeneHHas 3akajika oOpas3ioB u3 cranu 45 u Y12 ¢ temneparypsr 760 C .
OOBIICHUTH , TOUeMy 00pa3ilpl U3 cTaud 45 moaydarT 0ojiee HU3KYI0 TBEPAOCTSH ,
yem oOpa3ibl U3 ctamu Y12 ?
4. IlpousBeneHHas 3akajika o0pas3uoB u3 crau Y7 u Y12 ¢ temneparypsl Ha 50 C
BBIIIE KPUTUYECKUX TOYEK . OOpa3iipl U3 Kakou ctayiv OyayT UMETh 00Jiee BBICOKYIO
TBEPJIOCTh U NMOYEMY ?
Conep:xanue oTuera

1 ChopMynupoBaTh CyITHOCTh M HA3HAYCHHE 3aKAJKU U OTITyCKa.
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2 3apucoBaTh nuarpammy coctosiuusi Fe-Fesc u 0003HauuTh Temmneparypbl HarpeBa
NP 3aKAJIKE U OTITYCKE .
3 Onpenenuts BpeMs BbLIEPKKHA 00pa3IoB B €YU MPHU 3aKAJIKE U OTITYCKE .

4 CocTaBUTbh MPOTOKOJI TEPMUUYECKON 00paOOTKHU YriaepOaUCTON CTAIH .

MNPOTOKOJI TEPMUYECKOMN OBPABOTKHU YIJIEPOJUCTON CTAJIN

Ne Mapka cranmu | [Iluamerp Temneparypa | Bpems BbIIEpKKHU , MUH .
n/n oOpasna MM 3akanku C IIpu oTnycke
1 2 3 4 5
TBEPJJOCTDb
B ucxognom cocrossHum HRC nocrne otmycka
HRB HB HRC B Bozne B macie

Ha ocHoBaHum MPOTOKoOJIAa caeJaTh CJICAYIOIINE BbIBOALI .
B PE3YyJIbTAaTC 3aKaJIKi Ha TBEPAOCTED ;
ITPpH 3aKaJIKC B MACJIC,

YEeM BBIIIIE TEMIIEPATypa OTIYCKa , TEM TBEPHAOCTD ...

Pexomennyemasi aureparypa
1 Anmackun A.M ,3yeB B.M. MarepuanoBeeHne U TEXHOJIOTHSI MATEPHAIIOB .-
M..NJ] « DOPYM-MH®PA-M»,2017.
2 OgumnHukoB B.B. Meramioseaenbe —M.: ]I « DOPYM — MUHOPA-M» , 2017.
3. JJaktun KO.M , JleontheBa B.I1. MarepuanoBenense. — M.: MammHocTpoeHue,

1990.
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4 KyspmuH B.A. n.1p. TexHO0JIOTHS METAIIIOB U KOHCTPYKIIMOHHBIE MaTepraibl —M.:
Mammnoctpoenue ,1981.
5 Camoxonxkuit A.N Kynsasckuit M.H. Jlabopatopusie pabOThI 10 METaNIOBEIEHbBIO

U TepMuueckue o0padboTku MeTaiioB .-M.:MamuHocTpoenue, 1981.

JlaGopaTopHasi pabora Ne7 « MuKpoaHa/Iu3 cTajiel mocJjie TepMooOPadOTKI
Hean padoTbI

OO0yueHwus:

-U3y4€HUE MUKPOCTPYKTYP CTaJIeH Mociie TepMOOOpadOTKH;

-3aKpEIUICHUI 3HAaHUM 110 JUCLIUIIINHE;

-IIPUBUTHE HABBIKOB HCCJIEI0BATENBCKON PAOOTHI.

Bocnuranus:

-BOCIIUTAHUE Y CTYJCHTOB HHTEPECOB K BBIOpaHHOM mpodeccuu;
-OTBETCTBEHHOI'0 OTHOILICHHS K BBIMOJIHEHUIO TOCTABICHHOW 3aJa4H.

PazButus:

-Pa3BUTHUC JIOTUKHU MBIIJICHU.

3aganue

1. V3yuuTh MUKPOCTPYKTYPY CTajieil ociie TepMOOOPaOOTKH.
2. 3apucoBaTh MUKPOCTPYKTYPBI U CXEMbl MUKPOCTPYKTYP.
3. JlaTh KpaTKyI0 XapaKTEpUCTUKY UCCIIEIOBAHHBIX CTPYKTYDP.

4. ObopMHUTH OTYET.

IIpoxo/KUTENBbHOCTH PA0OTHI

[IpoomKuTeTbHOCTh padOTHI - 2 yaca.
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MarepuajibHoe oOecnieueHue
1 Metamiorpaduyeckuii MUKPOCKOTI.
2 HaGop mukponumdoB cTajei mocie TepMooopadboTKy.

3 Jnarpamma cOCTOSIHUS KeNe30-1IeMEHTHTA.

Kparkue Teopurnyeckne cBeieHUs

MHUKpPOCTPYKTYPA OTOXKKEHHOM CTATH

MHUKpPOCTPYKTYypa OTOXKEHHOM CTAIA B JIOIBTEKTOMIAHOM CTajau I0OCIE
MOJHOTO OTXKHUra, T.e. Harpera g0 Temmnepatypsl A+(20-30°C) u mocieayromnero
MEIJIEHHOTO OXJIAXJCHUS BMECTE€ C Ieublo, oOpa3yeTcs MeJKas paBHOMEpHas
CTPYKTYypa, COCTOSIAs U3 CBETJIbIX 3€peH (eppuTa U TEMHBIX -liepiuta (puc. 1).

B 3a3BTEKTOMIHON CTaJM IOCIE HENOJHOIO OTXKWra, T.€. Harpesa Jo
temrepatypbl 10 A+(20-30°C) u nocieayomero MeJIeHHOr0 OXJIaXIeHUsSI BMECTE C
MeYbI0 00pa3yeTcsi CTPYKTypa, COCTOSIIAs U3 LIeMEHTUTa U nepauta. Ecinu nemMmeHTuT

HaxOJIUTCA B BHUJI€ 3€PEH, TaKas CTPYKTypa Ha3bIBAE€TCA 3€PHUCTHIM MEPIUTOM (pHC.
2).

Puc. 1- MukpocTpykTypa Puc. 2- MukpocTpykTypa
IJIACTUHYATOrO MEPIUTa 3EpHUCTOTO NEPINTA

[Ipn HOpManM3aMy HarpeB MPOUCXOINUT 10 TEMIIEPATYPBI BBIIIE TOUKU A 11

JOOBTCKTOMAHBIX cTajed WIM TOYKH A 1A 3a9BTCKTOMJHBIX cTajiei ¢
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MOCIEAYIOMUM OXJIKICHHEM Ha Bo3zmyxe. IIpu aToMm cTpykTypa momydaercs Ooiee
MEJIKOM, a MEXaHUYECKHE CBOMCTBA 0osiee BEICOKUMHU (puc.3).

[Tpu HarpeBe crany MpH OTXKUTE J0 TEMIIEpPaTypbl HAMHOTO BBIIIIE KPUTHIECKON
MOJTy4aeTCs MEePErpeB, YTO MPUBOAUT K KPYMHO3EPHUCTOMY CTPOCHHIO CTalu (pHC.

4).

Q.Tz_'*_;_
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Puc. 3- Omxur — pepput + nepiur:

a) MUKPOCTPYKTYpa, 0) cxema MUKPOCTPYKTYPBI.
POCTPYKTYp . S0 5O é _c'gf:'ayp
BV goe P8

Puc .4 -3akanka v BICOKUM OTITYCK — COPOUT:
a) MUKPOCTPYKTYpa, 0)cxeMa MUKPOCTPYKTYPHI.

MuKpOCTPYKTYpPA 3aKAJCHHOH CTaJIN

B 109BTEKTOMIHON CTalU MMOCIE 3aKallK|, T.C. HarpeBa JI0 TeMIeparypel A
(20-30°C) u mocnenyromero ObICTPOTO OXJAXIACHUS B BOJie oOpazyercs CTPyKTypa
MapTCHCHUTA.

MapTreHCUuT - TIepEHACBILIEHHBIM TBEPIbIM PACTBOpP YIrJepoaa B IKEIE3e€.

MapTeHCUT UMeeT XapaKTepHOE UT0JIbUaTOe CTPOSHUE, OY€Hb TBEPABIH (puc. 5).
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Puc. 5- Ormyck

B 3a3BTEKTOMIHON CTanu mocie 3aKajiky, T. €. HarpeBa J0 TeMneparypbl A+
(20-30°C) u mocnenyrouero ObICTPOTO OXJAXIACHUS B BOJe 00Opazyercsi CTPyKTypa
MapTEeHCUTa U BTOPUYHOIO leMeHTuTa (puc.6). Hanuuwe BTOPUYHOrO LIEMEHTHUTA

II0JIC3HO, T.K. B CBsA3H C €TI0 BBICOKOM TBEPAOCTHIO YBCINYNBACTCS U3HOCOCTONKOM

CTaJiun.
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Puc. 6

MuUKpPOCTPYKTYPA OTIYILEHHOU CTAJIHU
[Ipu Huszkoremneparypuom otmnycke (1o 200°C) MapTeHCHUT 3aKalKu
MpeBpamaeTcsi B MapTCHCUT OTITyCKAa. B MapTeHcHTe 3aKalkk WTJia CBETJIBIC, a B
MapTEHCUTE OTITYCKa OHHM TEMHBIC. ITO OOBSICHICTCS BBIJICICHHEM W3 MapTEHCUTA

MeNbYalIlIuX YacTull iemMeHTuTa (puc. 7).
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Puc. 7- Cranp Y10. 3akanka 1 HU3KAWA OTIYCK — MAPTEHCUT + HEMEHTHUT:
a)MUKPOCTPYKTYpa, 0)cxemMa MUKPOCTPYKTYPHI .

IIpu cpegnem otnycke (350-450°C) wmapTeHCUT 3aKalKM pacrnajaercs Ha

BBICOKOJJUCTIIEPCHYIO CMECh (PeppHUTa U IEMEHTUTA TPOOCTHT.

Puc. 8- Cranb 60C2. 3akanka u CpeiHUN OTITYCK — TPOOCTHUT:
a) MUKPOCTPYKTYDpa, 0) cxema MUKPOCTPYKTYPHI.

[Ipu BeicokOM oTmycke (500-800°C) oOpasyercsi GheppUTHO - IEMEHTUTHAS

CMECH - COPOUT OTITyCKa.

Puc. 9- Cranp 30XI"CA. 3akanka u BBICOKHUH OTIYCK — COPOUT:
a) MUKPOCTPYKTYpa, 0) cxemMa MUKPOCTPYKTYPBHI.
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MuKpOCTPYKTYpa IeMEHTOBAHOM CTAJIH

B oroil cramu comepkaHue yriepojia yMEHBIIAETCsl OT IMOBEPXHOCTH K
cepllieBUHE. B COOTBETCTBHMM C TakuM U3MEHEHHMEM XHMMHYECKOTO COCTaBa
MOJIy4aeTCsl W PACHpPEACIICHHE CTPYKTYPHBIX COCTABJISIONIMX: OT ITOBEPXHOCTH
oOpazyeTcsi CTpyKTypa TMepJiuTa W LEMEHTUTa (3a’BKTOMIHAs 30HA), Jajee
pacrojaraercst mepauT (IBTEKTOMIHAS 30HA), a 3aTeM IPU MePeXxoJie K CepAIeBUHE -
nepauT u epput (mepexojHasi TO0ABTEKTOMIHOS 30HA) .B mepexomHoil 30He ueM

OJKe K cepAIeBUHEe, TEM MEHBIIE nepiauTa u Oonbine peppurta (puc. 10).

Iopsanok BbINOJHEHUS PA0OThI

1 I3y4uTh OCHOBHBIE TEOPUTHUECKHUE ITOJIOKEHNS O MUKPOCTPYKTYypax CTaJIeh
nocJye TepMooOpabOTKH.

2 IToAroToBUTH K paboTe MeTauiorpapuyecKkuii MUKPOCKOTI.

3 IloaroToBUTH 0OpA3IILI CTANCH.

4 HccnegoBaTh MHUKPOCTPYKTYpBI CTayed. JlaTh KpPaTKyr XapaKTEPUCTUKY

HCCIIEJOBAHHBIX CTPYKTYD.

Bonpocsl ajis caMonpoBepKr

1 CymHOCTh XMMHKO-TEPMUUECKONH 00paOOTKH, B 4eEM OHA?
2 HaznaueHue M pexXKHMbI IIEMEHTAIINH.

3 Ha3HaueHHe U peKUMBbI OTXKHUTA, 3aKaJIKU, OTIyCKa?
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4 Ha3BaTh Pa3HOBUIHOCTH OTITYCKaA.

5 Paccka3zathb 0 nedexrax TepMooOpaboTKH.

Conepxxanue oTuera
OTyer JOJDKEH CONEePKaTh:
-3CKH3BI UCCIIEIOBAHHBIX CTPYKTYP U UX CXEMBI,
-KpaTKYIO XapaKTepUCTHKY HCCIETOBAaHHBIX CTPYKTYP;

-BbIBOJHEI.

Pexomenayemas ureparypa

1 Anackun  A.M., 3yeB B.M. MarepuanoBeieHue U TEXHOJIOTHUS
MeTaioB.-M.:1.JI. «POPYM» NHD®PA-M,2017.

2 OBunnHuKOB B.B. Meranmnoseaenue.-M.:. 1] « DOPYM» UHD®PA-M,2017.

3 JlaxTun I0O.M., JleontheBa  B.IL Marepuanosenenue.-M.:
MammHoctpoenue, 1990.

4 Kysemun B.A. u gp. Texnomoruss MeTamioB U KOHCTPYKIIMOHHbBIE
Marepuaiibl.- M.: MammHocTtpoenue,1981.

5 Camoxoukuit AWM., Kynsasckuii M.H. JlaGopatopHbie pabGoThl I10
METaJJIOBEICHUIO u TEPMHUYECKOM o0paboTke METaIIOB.-M..:
MamunHoctpoenue, 1981.

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

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

JlaGopaTopHoe 3ansaTue Ne7

Tema «MuKpoaHaIU3 KOHCTPYKIMOHHBIX M HHCTPYMEHTAJILHBIX CTAJIeH,
cTajier ¢ 0cO0BLIMHU CBOMCTBAMH

eanb padoTsl

OO0y4eHwus :

— U3YYEHUE MHKPOCTPYKTYP KOHCTPYKIMOHHBIX M HWHCTPYMEHTAJIbHBIX

cTajeH , cTajeH U CIJIaBOB ¢ OCOOBIMHM CBOMCTBAMU |
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— HAy4YUTbCS CAMOCTOSITEJIbHO MPOBOAUTH MHUKpPOAHAIU3 CTajei
CILJIABOB .\
= pUOOpETEHNE HABBIKOB MCCIIEI0BATEIHCKON PaOOTHI .
Bocnuranus :
— BOCIIUTAHMS y CTYJICHTOB HHTEpeca K U30paHHOM podeccu ;
— OTBETCTBEHHOT'O OTHOIIIEHMS K BBIIIOJIHEHHUIO ITOCTABJICHHBIX 3a/1a4 .
Pa3zButns :
— ymeHue paboTaTb B KONJIEKTUBE UCMONHUTENEN .
3aganue

1. I3y4uTh MUKPOCTPYKTYPBl KOHCTPYKIIMOHHBIX M HHCTPYMEHTAJIBHBIX CTaJICH ,
cTajieil ¢ 0COOBIMU CBOMCTBAMM .

2. 3apucoBaTh MUKPOCTPYKTYPBI U CXEMbI MUKPOCTPYKTYP .
3. JlaTh KpaTKyI0 XapaKTEPUCTUKY HCCIIEIOBAHHBIX CTPYKTYP .
4. OpopMHUTH OTYET.

MarepuanbHoe obecnieueHme

1. Metamnorpadudeckuit MUKPOCKOI .

u

2. HaGop mukponuindoB B KOHCTPYKITMOHHBIX M HHCTPYMEHTAJIbHBIX CTaJeH ,cTanei

C 0COOBIMH CBOMCTBAMHU .

3. I[HarpaMMa COCTOAHUA KCIIC30-ICMCHTUT .

Kp ATKHE TCOPECTUICCKUEC CBECICHU

K Hu3koyriepoauctbiM (LIEMEHTYEMBIM) CTajsiM ,0THOCATCS CTalld C

coaepxkanreMm yriaepona ao 0.25 % - cramu 10, 15, 20 , a Takxke JErUpOBAHHbBIC

Hanpumep 151", 20X, 18XI'T , 20X2HYA , 20XH3A u a1p .

CTpyKTypa UX B OTOXKEHHOM COCTOSIHUU (depput + nepaut (puc . 1,2)
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6 — CXeMa MHMEDO

MuUKpPOCTPYKTYpa CPEAHEYIJIEPOAMCTHIX CTAJICH

K cpenneyrnepoauctbiM CTaiasiM OTHOCSITCS CTalM C COAEP)KAHUEM YTJIEpojia
oT 0.25 % 10 0.6 % - cramm 35, 40 , 45, 50 , a TakKe JETMPOBAHHBIE , HAIIPUMED
40X , 40XT , 40XTP ,30XT'CA , 45XHMA u np .Haubonee pacnpoctpaHéHHOU
CpPEeIHEYTIECPOAUCTON CTaNbIO sBsieTcs ctaib 45 (0,42 — 0,50 %) .

MUKpOCTPYKTYpa CpPeAHEYTIAECPOAUCTON CTATU MOCHe OTKura : geppurt + nepaut (

puc .3) , mocne ymydiieHus ( 3aKaJIKF ¥ BBICOKOTO OTIyCKa ) — copOuT (puc.4 )

1 OTIYVCK — COpPSUT.
6 - cXema MHUKPOCTPYKTYPH.
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MuKpOCTPYKTYpa peccOPHO- MPY:KHHHOH CTAJH MOCJIe TEPMOOOPadOTKH

[loBbimienHsiM conepxkanueM  mapranua ( 0.5 — 0.8 % ) , a wyame
JerupoBaHHble cranmu Hanpumep 6510 , 60C2 , S0XIT" , S0XDPA , 60C2XDA ,
60C2H2A u np . lns nomydeHus: Hanbosee BHICOKOTO 3HAUEHUS MpeJeia ynpyrocT

MpY>KUHBI U peccopbl nmojBepratoT 3akanke ¢ 800 — 500 C ( B 3aBUCUMOCTH OT MapKu

CTaJIi ) C IEJIbI0 00Pa30BaHUs CTPYKTYpPbI TPOOCTHUTA.

MUKpPOCTPYKTypa HHCTPYMEHTAJIBHBIX CTaJEN

MuKpOCTPYKTYPAa 3a3BTEKTOMIHBIX HHCTPYMEHTAJIBHBIX CTaJIei

3a’BTEKTOUAHBIE YTJIEPOAUCThIE cTanu OoT Y9 no Y13 um nerupoBaHHbIE
Hanpumep X , XBI' , 9XC u np , B OTOXKEHHOM  COCTOSIHUM UMEIOT CTPYKTYpPY
3€pHUCTOTO MepiuTa (puc . 6 ), a mociie 3akajikd B Boje ( yIJIEpOAUCTBIX CTaJIel ) U

B MacJie ( ISTUPOBAHHBIX CTaJe ) — MapTEeHCUT + KapOubl (puc.7).

71



MuxkpocTpyKTypa OBICTPOpPEKYIIeH CTATH

Haunbonee  xapakTepHbIM W  pacHpOCTPAHEHHBIMH  JITUPOBAHHBIMU
WHCTPYMEHTAJIBHBIMU CTAJIM SIBJISIFOTCSL OBICTpOpeXylue cranu , Hamnpumep P18
P6MS u np .

B autoM cocrosiHMM CTpYKTypa OBICTPOpEXYIIEH CTald COCTOUT U3
neeOypUTHOM IBTEKTUKHU , UMEIOIICH « CKENeTOOOpa3HbIM » BUJ , U MPOIAYKTOB

pacriazia aycrenura (puc 8 ).
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Hanuuue B muToit ObICTpOpEXYILEH cTanu jeaeOypUTHON IBTEKTUKH MPUIACT
CTaau  Xpymnkoctb. Jlmg  paspymieHuss neaeOypUTHOM  IBTEKTUKH  JIUTYIO
OBICTPOPEXKYIIYIO CTaJlb MOJIBEPraloT 00pabOTKe JaBlieHHEM ( MPOKATKe, KOBKE ) U
omkury . KoBka m3MeHSET CTPOECHHE OBICTPOPEKYIEH CTaIM IMOCIE TPEXKPATHOTO

ormycka mpu 550 C cocTout U3 MapTeHcuTa u Kapouaos ( puc. 9 ).

MuKpOCTPYKTYpa CTaJleld M CIIABOB ¢ 0CO0OLIMH CBOICTBAMU
K cranam u cnmaBaM ¢ 0COOBIMU CBOMCTBAMHU OTHOCSITCSI CTaJIM KOPPO3HUOHHO —

CTOMKHE , KApOIPOYHbIE ,MarHUTHbIE U 1p . [lo CTpyKType cranm pa3fensior Ha

CJIEIYIOLIME KIJIACCHI : MEPIUTHBIA , MAPTEHCUTHBIN , ayCTEHUTHBIN ,(DEPPUTHBIN .

73



CraJyiu nepJuTHOrO Kjaacca

Ot crtamu ( 15XM ,12X1IM® u nap ) ABJISIOTCS KapONPOYHBIMH TIPU

temneparype 400 — 550 C . Ilocne Hopmanusauuu npu 950 -1050 C nomyuaercs

CTpyKTypa depput — 6eitaut (puc 10 ).

Crajm MapTEeHCUTHOIO KJjacca

Cramu sroro kiacca (15X11IM® ,40X9C2 wm gp . ) KapompoyHble MNpU
temneparype 500 — 600 C u xopposuonHo — croukue ( 20X13 ,30X13 u mp . ).
[Tocne 3akanku B macie ( win oxyaxzaeHus B Bozayxe ) oT 1000 — 1050 C cTpykrypa

— MmapteHcuT (puc 11.).

Lt

MAPTEHCUTHOT'O Kiacca).3akanka.
KTYPa 6 - CXeMa MHUI

Cranu ayCTEeHUTHOr 0 KJjiacca

K cransm aycTeHUTHOro Kjacca MpUHAIJIEKUT U3HOCOCTOMKas ctanb ['13J1

CtpyKTypa 3TOil CTalld MOCIE JTUThA ayCTEHUT + N30BITOUHbIE KapOU bl (He/3C)

74



, BBUICISIIOIIMECS MO TpaHUWLaM 3€pEeH AayCTeHHTa . OTU CTalld  SBISIOTCS
XKaporpouHbIMU  Tipu  Temmeparype 600 — 760 C  (45X14H14B2M
LA0XTSH7T7®2MC u np .) u koppo3uoHHo- ctoiikue ( 12418H9 , 10X14I'14H3 u

Ip . ) . [loatomy nuteie u3aenus 3akanuBaroT B Bojie ¢ 1100 C. [Ipu TakoM Harpese

KapOHIbl paCTBOPSAIOTCS U CTAJIb UMEET ayCTEHUTHYIO CTPYKTYpY (pucl2 )

(BYCTERNTHOTO Knacca) .
a — MUKPOCTPYKTYpa 0 — cxemMa MHUKPOCTPYKTYpbI
Cranu depputHOro Kiacca
OTH cTajau ABJSIOTCS KOppo3uoHHO — croikumu (12X17 ,08X17T , 15X26 u
ap. ) BbicokokpeMHUCTBIMU ( 3-4 % ) TpacopuatopusiMu ( 93,94) . OHu He
MpeTepreBalT Mpu HarpeBe ( OXJAKICHUUM ) U UMEIT CTpyKTypy ( puc.13 )
KPYMHO3EpHUCTOTO (epputa win (epputa ¢ HEOOJbUINM KOJIUYECTBOM KapOuIO0B

xpoma ( B KOPpO3UOHHO — CTOUKHUX CTAJIAX ) .

IHopsaok BeINOJIHEHUSI padOTHI

1. I/I3y‘-II/ITI) OCHOBHBIC  TCOPCTHUUCCKUC  TIOJIOKCHUSA O  MHUKPOCTPYKTYypax

KOHCTPYKIIMOHHBIX U MHCTPYMEHTAJIBHBIX CTajiell ,cTaliel ¢ 0COOBIMHU CBOWCTBAMU.
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2. IToaroToBUTh K paboTe MeTaIIOrpapuIECKril MUKPOCKOTI .
3. IlonroToBuTH 0OpA3IIbI CTAJICH.
4. WccnemoBaTb MHUKPOCTPYKTYphl cTaied . JlaThb KpaTKyl0 XapaKTE€PUCTUKY

HCCIIEOBAHHBIX CTPYKTYD.

BOHpOCLl AJIA CAMOIIPOBEPKH

1. Kak knaccuguIupyroTcs CTajid 1Mo Ha3HAYCHUIO U CTPYKType ?

2. Kakme TpeOOBaHUS TMPEABSABISAIOTCA K  KOHCTPYKIIMOHHBIM U
HHCTPYMEHTAJIbHBIM CTAJISIM ?

3. T'me mnpumeHsOTCS lLieMEeHTyeMmble cTanu ? Yiyumaemele? PeccopHo-
Mpy>KUHHBIE ?

4. I'me npUMEHSIOTCS MHCTpyMEHTalbHble cTanu ?Kak MapKupyroTcs
MHCTPYMEHTAJIbHBIC (YTJIEPOAUCTHIE ,JIETUPOBAHHBIC ,0BICTPOPEKYIIHE ) CTATIN?

5. Kakue cTany OTHOCSTCS K CTaJISIM C OCOOBIMU CBOMCTBAMH ?

6. I'’1e mpuMeHSIoOTCS cTaJli ¢ 0COOBIMH CBOMCTBaMH ?

7. Kak o00pabarbiBafOTCS IIEMEHTYEMbIC ,yJIydIllaeMble , PECCOPHO —

NpY>KUHHBIE CTaIH ?

Copnep:xanmne oTuera

OTtuer noJKEH coaepxkKarh :
- DCKU3bI UCCIIEIOBAHHBIX CTPYKTYP U UX CXEMBI ;
- KPaTKYI0 XapaKTEPUCTUKY HCCIIEIOBAHHBIX CTPYKTYP ;

- BBIBOJHBI .

Pexomenayemast sureparypa

1 Apackun A.M ,3yeB B.M. MarepuanoBeieHUE U TEXHOJIOTUS MAaTEPUAJIOB .-
M.:1UJI « DOPYM-UHO®PA-M»,2017.

2 OpumHHUKOB B.B. Merannosenenbe —M.: 1] « DOPYM — UH®PA-My,
2017.
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3 Jlaxtun FKO.M , JleontheBa B.I1. MarepuanoBenenbe. — M.:
Mammnoctpoenue, 1990.

4 KyssmuH B.A. n.ap. TexHONOrus METAIUIOB 1 KOHCTPYKLMOHHBIE
mMarepuaiiel —M.: MammHocTpoenue ,1981.

5 Camoxonxkuii A.N ,Kynsasckuii M.H. JlabopatopHsie paOOTbI 1O
METaJUIOBEJIEHbIO U TEpMUYECKHE 00pabOTKN MeTauioB .-M.:MammHocTpoeHue,
1981.

6 HuTtepHeT — pecypc :

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

JlaGopaTopHasi padora Ne8«MuKpoaHaJIN3 YYT'YHOB)
IpoponxuTenbHOCTH PadoOThI- 2 yaca
eab padoThl
OOGyueHwus:

— U3YUYUTh CTPYKTYPY CEPBIX, IMOJOBUHYATHIX, BBICOKOIIPOUYHBIX U KOBKHX
YyTYHOB;

— YCTaHOBUTH CBSI3b MEXJY COCTaBOM CIUIABA, YCIOBUSIMH €r0 MOTyUYEeHHUS
U CTPYKTYPOM.

Bocnuranus:

— BOCIIUTaHUE Yy  CTYACHTOB  3HAUYUMOCTH  MPOdeCCHOHATBHBIX
MPAKTUYECKUX HABBIKOB;

— YyBCTBO OTBETCTBEHHOCTH 3a KaU€CTBO BBIMOJHEHUS PaOOT.

PazButus:

- yMeHUs padoTaTh B KOJIJIEKTUBE UCIIOTHUTENIEH.

3aganue

1. 3yuuTh CTPYKTYpy CEpBIX, MOJOBUHYATHIX, BBICOKOIPOUYHBIX M KOBKHX

YyT'YHOB.

2. 3apucoBarh UCCIEAO0BAHHBIE MUKPOCTPYKTYPBI U CXEMbI MUKPOCTPYKTYP.
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3. YCcTaHOBUTH CBSI3b MCKAY COCTABOM CIlJIaBd, YCIIOBUAMHU €CTO ITOJTYUCHUA U

CTPYKTYPOH.

4. OpopMutsp otuer

MarepuajibHoe odecnieyeHune
1 Meramrypruaecknuii MUKPOCKOIL.
2 HaGop mMukpouuim@oB cepbix, MOJOBUHYATHIX, BHICOKOIMPOYHBIX M KOBKHX
YyT'yHOB.

3 I[HarpaMMa COCTOAHUA XKCIC30-ICMCHTHUT.

KpaTkue Teoputnuyeckune cBeeHH st

B cepplx yyryHax yriepoja TpPHCYTCTBYeT B Buje rpaduTa ILIAaCTHHYATON
dopmbl. Ha BenmnumHy W pacrojoXeHWe BKIIOYEHUN TpaduTa BIHSIOT CKOPOCTH
OXJIQXKJICHHS, TEMIIepaTypa W BpeMs BBIJCPKKH PACILIABIEHHOTO YyTyHa Iepes
OTJIMBKOM, XMMHYECKHI COCTaB 4YyryHa, BBEICHHWE B YYT'yH HEKOTOPBIX IpPHUMECEH
(momudukaropos). Hampumep, rpadur obpasyercs Tem KpymHee 4deM, MeJICHHEe
OXJIQXKJICHHE M YEM MEHBIIIE TIEPETPEB KUIKOTO UyTyYHA U MEHBIIE BPEMS BBIICPKKU
MIPHU STOM.

MukpocTpyKTypa cepbiX YyryHOB.

Meraminueckasi OCHOBa B CEPbIX UyTyHaX OY€Hb CXOJHA C MUKPOCTPYKTYpPOU
CTaJieil B 3aBUCMMOCTH OT KOJHMYECTBA CBS3aHHOIO Yrjiepofa MOXKET ObITh

(beppuTHOH, (PEpPUTHO-NEPIUTHON U NEPIUTHOM.

O e

o
T i,

T i

Puc. 1- ®epputHslii cepslii YyryH — QeppuT + MIaCTUHYATHINA rpaduT:
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a - MHUKPOCTPYKTYpa, 0 — cxemMa MUKPOCTPYKTYPHI.

Puc. 2- ®eppuTHO-NIEPIUTHBINA YYyTYH — GEPPUT + MEPIUT + MJIACTUHYATHIN TpaduT:

a - MHUKpPOCTPYKTYpa, 0 — cxeMa MUKPOCTPYKTYPBHI.

Puc.3- [lepauTHbIi cepblil UyTyH — NEPIAUT + MJIACTUHYATHINA rpaduT:

a — MUKPOCTPYKTypa 0 — cxema MUKPOCTPYKTYPHI.

TakuM 00pa3oMm, BO3MOMKHBI CIIEAYIOIIME THUIIBI CTPYKTYP CEPBIX UYT'yHOB:
dbepput + mmactuHuyaThi rpadut - GeppuTHBIN cepbiit uyryH (puc. 1), deppur +
MEepJIUT + MIACTUHYATHIM rpaduT — GEeppUTHO- MEPIUTHBIA Cepblil 4yryH (puc.2,
COOTHOIIIEHUE KONIWYecTBa (eppuTa U MEpiIuTa B CTPYKTYPE UyryHa MOXKET OBIThH
pPa3IMYHBIM B 3aBUCHMOCTHM OT XMMHYECKOIO COCTaBA M YCIIOBUW OXJIAXKICHUSA);

NEepIUT + MIACTUHYATHIN rpauT — MEPIUTHBIN cephlil YyryH (puc.3).
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Puc.4- Cepsiit uyryH ¢ pochuaHON IBTEKTUKON - MEPIUT + MIACTUHYATHINA rpapuT

+ DBTEKTHKA, paciojararomascsa IMOJIHOCTbIO UJIN YaCTUYHO I10 I'PaHUIlaM 3CPCH.

MuKpoOCTPYKTYpa N0JIOBHHYATHIX YYTYHOB.

B monoBuHYATBIX 4YyryHaX YTrJIEpOJ COAEPKHUTCA KaK B BHJE MEPIUTHOU
CTPYKTYpPhl METAJUIMYECKOM OCHOBBI, TaK M B CBOOOAHOM Buje rpaduta. Ecmm
KOJIMYECTBO CBS3aHHOIO YIJIEpOAa HE3HAYUTEIbHO MPEBBIIIAET 3BTEKTOUIHYIO
KOHLIGHTPALMI0, TO METAJUIMYECKass OCHOBA COCTOUT M3 MEPJIUTa W BTOPUYHOTO
ueMeHTuTa (puc. 5), T.e. aHaJIOTUYHA CTPYKTYPE 3a3BTEKTOUIHON CTalIN.

Ecnu  KOJIMYECTBO  CBSA3aHHOIO  YIVIEPOAA  3HAYUTENIBHO  IPEBBIIIACT
HBTEKTOMJIHYIO KOHILIEHTPALMIO, TO B IPOIECCE MEPBUYHON KPUCTAJUIM3ALNN YyTyHa
[OCJI€ BBIJEIEHHUS HEKOTOpOro KOJudecTBa TIpadura 4YacTUYHO oOpa3oBajics
neaeOypuT (LIEeMEHTUTHAsI 3BTEKTHUKA) U CTPYKTypa METANIMYECKOM OCHOBBI OyJET

nenedypur + nepyur (puc. 6.)

Puc. 5- IlosoBHHYATBHIi 4YyryH — HepauT + UEMEHTUT (BTOPUYHBIN) +

MJIACTUHYATHIN TpaduT: a — MUKPOCTPYKTYpa, O — cxemMa MUKPOCTPYKTYPHI.
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Puc. 6- [lonoBuHYATHIN YyTYH — JIeAeOYpUT + MJIaCTUHYATHIN Tpadur:

a — MUKPOCTPYKTYpa , 0 — cxema MUKPOCTPYKTYPBbI.

MMuKpPOCTPYKTYPa BBICOKONPOYHBIX YYT'YHOB.

B BBICOKONPOYHBIX YyTyHaX MOTYT OBITh T€ K€ THUIIBI CTPYKTYp, KOTOPBIC
OB yKa3aHbI ISl CEphIX YYTyHOB, HO TpaduT B 3TUX YyryHax IIapOBUJIHBIN.
Takum 00pa3oM, BO3MOXHBI CIEAYIOIINE TUIIBI MUKPOCTPYKTYPBI BBHICOKOIIPOYHBIX
YyryHOB: (peppuT + mapoBUAHBIA rpaduT - (QEeppUTHBIA BHICOKONPOYHBIA YYTYH
(puc. 7), deppur + mNEpAUT MAPOBUAHBIA TpaduT - QEepPpUTHO-TICPIUTHBII
BBICOKOIIPOYHBIA YYTyH (pHC.8, COOTHOIIEHWE MEXIy KOJIUYECTBOM QeppuTta H
MEPJIUTA B BBICOKONPOYHOM UYYT'YHE MOXKET OBITh Pa3jMYHBIM B 3aBUCUMOCTH OT
XUMHUYECKOTO COCTaBa M YCJIOBHM OXJIAKICHUS, MEPIUT + IMIapOBUIHBIA TpaduT -

MEPJIMTHBINA BBICOKOIIPOYHBINA YyTyH (puc. 9).

81



Puc. 7- ®eppuTHBINi BBICOKONPOYHBIM YYryH - (eppuT + IMIapOBUIHBIN

rpaduT: a— MUKPOCTPYKTYpa, 0 - cxeMa MHUKPOCTPYKTYPHI.

Puc. 8- ®eppuTHO - NEPAUTHBIN BHICOKOMPOYHBINA YyTyH - (eppuT + nepiut+

IApOBUIHBIN rpaduT:

a — MUKPOCTPYKTYpa, 0 - cxema MUKPOCTPYKTYPHI.

Puc. 9 -llepiuTHblid  BBICOKOIPOYHBIM YYyTYH — MEPJIAT + MIAPOBUIHBIN
rpa@uT: a- MUKpPOCTPYKTYypa, 0- cxeMa MUKPOCTPYKTYPBI.
MHuKpPOCTPYKTYPa KOBKHX YYT'YHOB.
B KOBKOM 4yryHe yriepoja COIEPKUTCS B BHAE rpaura  XJIOMbEBUIHOM
¢opmbl. Mertaminueckas OCHOBAa KOBKOTO YYyryHa MOXET ObITh (eppUTHOMH,
(eppUTHO-NIEPIUTHON U MEPIUTHONW. B COOTBETCTBUM C 3TUM pazinyarOT KOBKHM

yyryH depputhsiii (puc. 10), pepputHo- nepautHbii (puc. 11) u nepauTHeIA (puc.

12).
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Puc. 10 -®eppuTHbIi KOBKUI YYTYH - PeppUT + XJIONBEBUIHBIN TpaduT:

a - MHUKPOCTPYKTYpa, 0 - cxeMa MUKPOCTPYKTYPBHI.

§ P

Puc. 11 -®eppuTHO-TIEpIUTHBINA KOBKHI YyTyH - GEppHUT + MEPIUT +
XJIONMbEBUAHBIN TpapuT:

a - MUKPOCTPYKTYpa, 6 - cXema MUKPOCTPYKTYPbI.

Puc. 12- MepAnTHbINA KOBKUM YYTYH - NEPAUT U XNONbEBUAHDbIN rpaduT:

a- MMKPOCTPYKTYpa, 6 - cXema MUKPOCTPYKTYPblI.

Iopsinok BeIMOJIHEHUS PadOThI
1. M3y4uTh OCHOBHBIE TEOPETUUECKHUE MOJIOKEHUS O MUKPOCTPYKTYpax CEephIX,
MOJIOBUHYATHIX, BEICOKOTIPOYHBIX M KOBKMX YYTYHOB.

2. TloaroToBuTh K paboTe METALTUYECKUI MUKPOCKOTI.



3. IloaroroBuTh 00pa3ibl CEPhIX, NOJIOBUHUYATHIX, BBICOKOIIPOUHBIX U KOBKUX
YYI'YHOB K IIPOBEJICHUIO0 MUKPOAHAIN3a.

4. UccnenoBaTh MUKPOCTPYKTYPBI CEPBIX, MOJOBUHYATHIX, BBICOKOIIPOYHBIX U
KOBKHX YyT'YHOB.

5. YCTaHOBUTH CBSI3b MEX]y COCTABOM YYT'YHOB, YCIOBHUSIMHU UX IMOJYUYEHUS U
CTPYKTYPOH.

Bomnpocsl Ajis1 caMonpoBepKHu

1 Kakowm 4yryH Ha3blBaeTCA cepbim?

2 KaKoM YyryH Ha3bIBaeTCA KOBKUM?

3 Kakow 4yryH Ha3blBaeTCA BbICOKOMNPOYHbIM?

4 KaKk mapKupyeTtcs cepbi, KOBKMIN U BbICOKOMPOYHbIN YYTyHbl?

5 Yem oT/IMYalOTCA MeXaHU4YeCKue CBOMCTBA CEPOro, KOBKOMO M BbICOKOMPOYHOrO
yyryHa?

6 KakoBO BAMAHME METANNIMYECKON OCHOBbI M pa3mepa rpaduUToBbIX BKAOYEHNI HA

CBOMCTBA YyryHa?

Conep:xxanue oTuera

9.1 KpaTkue TeopeTuueckue CBeICHHs O CTPYKTYpOOOpa30BaHUU YYTyHOB.
9.2 Dckun3bl UCCIENOBAHHBIX CTPYKTYP U UX CXEMBI.

9.3 CocraB uccineoBaHHbIX CTPYKTYP.

9.4 BriBoj.

Pexomenayemas qureparypa
1 Anackun  A.M., 3yeB B.M. MarepuanoBeieHue U TEXHOJIOTHUS
MetaiuioB.-M.: 1. JI. « DOPYM» MHD®PA-M,2017.
2 OBuunHukoB B.B. Meramnosenenue.-M.: 1]l «DOPYM» NHDOPA -
M,2015.
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Mammnoctpoenue,1990.

4 Kyspmun B.A. u np. Texnonorus MeTaninoB U KOHCTPYKIIMOHHBIE
Marepuanbl.- M.: Mammuoctpoenue, 1981.

5 Camoxomnkuit A.W., Kynssckuit M.H. Jlaboparopusie paboThI 1o
METAJJIOBEJICHUIO U TEPMUUYECKON 00paboTKe MEeTAILIOB.-M.:
Mammnoctpoenue, 1981.

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

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