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AKT COI'JIACOBAHMA
Ha METOJMYECKHE PEKOMEH AU TI0 BHITIOJHEHHUIO MPAKTUYECKUX PabOT MO yueOHOU AUCIIUITIINHE
«MatepuanoBenenue» s crienuaibHocTH 22.02.03 JluTeitHoe MpOou3BOICTBO YEPHBIX U IIBETHBIX
METAJIJIOB,
aKTyallu3UPOBAHHOM pernoaaBareneM FOxkHO-YpaabCKOro rocyjapCTBEHHOTO

TEXHUYECKOTO KoJuieaka Mopos 10.A.

Mertoandeckne pPEKOMEHIAIMU 110 BBIMOJHEHUIO J1a0OpaTOPHBIX M TMPAKTHUYECKUX padoT
COCTaBIIEHBI B COOTBETCTBUU C MPOTPaMMOi yueOHON TUCHIUIUIHHBI «MaTepranoBeICHUEY.
MeTtoanyeckre peKOMEeHAAUHU K Ja00paTOPHBIM U MPAKTUYECKUM paboTaM UMEIOT eTUHYIO
CTPYKTYpY: IIeJIH, OOIIHe TMOJIOXKEHHUsA, XOo1 paboTel, (Gopmy oTdyera mo padboTe, CHpaBOYHBIE
JaHHBIC, JIUTepaTypy. Temartuka paboT pa3HooOpa3Ha. Tembl pabOT OMpeAeICHbI, UCXOIS W3
JIOTUKWA U3yYeHHUs JUCHUIUIMHBI «MarepuanoBeieHHe» W HaNpaBleHbl Ha  YLUIyOlleHUE
TEOPETUYECKUX 3HAHUKH M (POPMUPOBAHHE YMEHHH NMPOBOAUTH SKCIIEPHUMEHTHI Ha Ja0OpaTOPHBIX
paboTax ¢ UCTIOJIb30BaHUEM JTAOOPATOPHOTO 00OPYIOBAHUS.
Metoanyeckne peKOMEHIAIMH 0 BBIMIOJIHEHUIO JTAOOPATOPHBIX M MPAKTHUYECKUX PadoOT
Mo AUCHUILTHHE «MaTepuanoBeeHHe» COOTBETCTBYIOT —MporpaMMe Y4YeOHOH TUCIUIUIMHBI U

MOTYT HCIIOJIb30BaThCs B 00pa30BaTEIbHOM TpoIiecce.

Beaymmii cnenuanuct Ky3HEUHO-JIMTEMHOrO JUBU3MOHA

«O00 UT3 YPAJITPAK» HbIA
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HHOACHHUTEJIBHASA 3AIIMCKA

MeTtoauueckre peKOMEHAlMU IO BBHITIOJHEHHUIO JIA0OPATOPHBIX M MPAKTUYECKUX paboT 1o
yueOHOW  JauciuiuinHe «MarepuanoBeieHUe»  NpeJHa3HadeHbl i1 OOydaroIiuxcs IO
crenanbHocTH 22.02.03 JluTeliHOe TPOM3BOJACTBO UYEPHBIX W IIBETHBIX MeETaIOB (0a3oBas
noAaroToBka). JlabopaTopHble W NpPaKTUYECKUE 3aHATHS SBISIOTCS BAXKHBIM 3JIEMEHTOM Yy4eOHOM
TUCHUIUTMHBL. B mpoliecce BBIMOMHEHHS Ta0OPATOPHBIX M MPAKTHUECKUX paboT oOydaromuecs
CUCTEMATH3UPYIOT U  3aKpEIUIAIOT  TOJYYEHHbIE  TEOPETUYECKHE  3HaHUS, pa3BUBAIOT
UHTEIJIEKTyalbHble M TpodecCHOHaTIbHbIe YMEHUS, (OPMUPYIOT DIIEMEHTHl KOMIIETEHIIUI
OyIyIIHX CHEIUaTUCTOB.

Jl51s 3aKperuieHus TEOPETUYECKUX 3HAHUN U MPUOOPETeHUS] HEOOXOIUMBIX MPAKTHUYECKUX
yMEHUM  mporpammoil ydeOHOW aucuMiiuHbl «MaTepuanoBeneHue» npeaycMaTpuBaroTcs 9
nabopaTopHbIX M 4 TmpakTH4eckue paboThl, HampaBieHHbIE Ha (OPMUPOBAHUE JIEMEHMO8
CNe0yroUUx KOMNemeHYui:

OK 1. IToHumaTh CyIIHOCTh W COIMAJIBHYIO 3HAYMMOCTh CBOCH Oymymieil mpodeccuw,
IIPOSIBIIATH K HEM YCTOWYMBBIN MHTEPEC.

OK 3. [IpuHuMath pelieHus B CTaHAAPTHBIX M HECTAaHAAPTHBIX CUTYAIMsIX W HECTH 332 HUX
OTBETCTBEHHOCTb.

OK 4. OcymiecTBiATh TOWCK ¥  HCIHOJb30BaHUE WHGOpPMAIUU, HEOOXOMUMOW IS
3¢ (EKTUBHOTO BBITIONHEHUS TPO(ECCUOHATBHBIX 3a1a4, MPOPECCHOHAIBHOTO W JHMYHOCTHOTO
pa3BUTHSI.

OK 5. Wcnonb3oBaTh MH(OPMAITMOHHO-KOMMYHHUKAIIHOHHBIS TEXHOJIOTHUH B
npohecCuoHaTbHOM e TEIbHOCTH.

OK 6. Pabotats B KOJUIGKTMBE M KOMaHzae, J(PQGEKTHBHO o0OMmAThCS C KOJJIETaMH,
PYKOBOJICTBOM, IOTPEOUTEIISIMH.

OK 9. OpueHtupoBarbcsi B YCIOBHSIX 4YacCTOM CMEHBI TEXHOJOTHMH B IMPOQeCCHOHATbHON
JESITEIbHOCTH.

I1K 1.1. BeiOupatb ncxoHble MaTepuaibl AJis IPOU3BOJCTBA OTIMBOK.

IIK 1.2. AHanu3upoBaTh CBOMCTBAa M CTPYKTYpPbl METAJJIOB MU CIUIABOB ISl UBTOTOBJICHUS
OTJIUBOK.

CrtyneHT B mporiecce paboThl JOIKEH YMeTh:

- pacmo3HaBaTh M KJIACCH(PHUIMPOBATh KOHCTPYKIIMOHHBIE M CHIPHEBBIC MaTepHajbl IO
BHEIIHEMY BUJY, TPOUCXOKICHUIO, CBOIICTBAM;

- ONpEeNeNATh BUJbl KOHCTPYKLIMOHHBIX MaTEPHUAJIOB;

- BBIOMpATh MaTepHUAIIbI 17151 KOHCTPYKIIHMM 10 MX HA3HAYEHUIO U YCIOBUSAM HKCIUTyaTallHH;

- IIPOBOAMTH UCCJIETOBAHUS U UCIIBITAHUSI MATEPUAJIOB.

CtyzeHT B mporiecce padoThl JOMKEH 3HATH (aKTyaau3anus):

- 3aKOHOMEPHOCTH IPOLIECCOB KPUCTAUIM3ALMM U CTPYKTypooOpa3oBaHMsI METAJUIOB U
CIUIaBOB, OCHOBBI UX TEPMOOOPAOOTKH, CITIOCOOBI 3aLTUTHl METAIIIIOB OT KOPPO3HH;

- KJIaccu(UKAIMIO U CIOCOOBI MOMYyYeHHUST KOMITO3UITMOHHBIX MaTEPUAIOB;

- TIPUHIIMIIBI BEIOOpa KOHCTPYKIITMOHHBIX MaTEpUasIoOB JIsl IPUMEHEHHSI B IIPOU3BOICTBE;

- CTpPOEHHE U CBOMCTBA METAJUIOB, METO/Ibl X UCCIIEI0BAHUS;
- KJIacCU(pUKALIMIO MaTEpPUAaIOB, METAIJIOB U CIIJIAaBOB, UX 00JIACTH MPUMEHEHUSI.

Onwucanue KaxxJa0H J1a00paToOpHON M MPAaKTUYECKOH pabOTHl COAEPKUT HOMEp, Ha3BaHUE H
1enb paboTel, (opMUpYeMbIe B Mpoliecce BHIMOIHEHHS paObOThl 3HAHUS, YMEHUS U TEOPETHUECKOE
U3JI0’)KEHUE HEOOXO0IMMOro, BapHaHThl 3a/1aHuM, OIMCAHUE AITOPUTMa BBIIIOJHEHUSI, KOHTPOJIbHbIE
BOIPOCHI.

Jnist mosrydeHust JOTOTHUTENBHOM, O6osiee mopoOHO nHpOPMAIUK TT0 OCHOBHBIM BOITPOCAM
y4eOHOW JHUCHUIUIMHBI B  KOHIIE METOJUYECKHX PpEKOMEHJAllMid TMpUBEIeH MepeueHb
MH(POPMALMOHHBIX HCTOUHUKOB.



OT4YeTHl CTYJICHTOB I10 JJAOOPATOPHBIM M MPAKTUYECKUM padoTaM JOJKHBI COJIepKaTh HOMED,
HA3BaHWE U 1eJIb Pa0OThI, BHITIOJHEHHBIC 33JJaHUS U UX PE3yJIbTaThl, BEIBOJBI 1O MPOJICIIAHHOM
paboTe, OTBETHI HA KOHTPOJIBHBIC BOITPOCHI.

OreHKa OTIMYHO — CTAaBUTCS 3a MPABWIBHO BBIMOJIHCHHYIO Pa0OTy C BEPHBIMH OTBETAMHU Ha

BOIIPOCHI.

OrneHka XOpOIIO — CTAaBUTCS 3a BBIMOJHEHHYIO pPaboTy ¢ HEOOJBIIMMU HEAOYCTAMH,
HCIIPABJICHHBIMU CAMHUM CTYJIEHTOM, C BEpHBIMH OTBETAMH Ha BOIPOCHI.

OreHka yIOBICTBOPUTEIHLHO — CTABUTCS 332 pabOTy ¢ HEOOJBIIMMH HETOYHOCTSIMH, KOTOPBIE
caM CTYJICHT HE MOT HCTIPaBUTh M HE CMOT OTBETHTh Ha OOJIBIIIMHCTBO BOIIPOCOB.

OreHka HEYTOBJIETBOPUTEIHLHO CTABUTCS B CIydae OTCYTCTBHS OTUeTa MO padore.

TUTYIBHBIN JTUCT M CTPYKTYypa pabOThI IOJDKHBI OBITH O(DOPMIICHBI B COOTBETCTBHH C

npunoxenusmu b, B, I'.



IHEPEYEHDB JJABOPATOPHbBIX U IPAKTUYECKHUX PABOT

Ne TemblI HaumenoBanue padorsl O0bem
(uaca)

Tema 1.1 | JJaboparopHas pabota 1. Onpeznenenue TBEPAOCTH METAIIIOB 110 2
bpunemnto u Poksemny

Tema 1.1 | JTaGopaTopHas pabota 2. OnpeneneHne yAapHOi BI3KOCTH CTaIH 2

Tewma 1.1 | Jlaboparopnas padota 3. UccnenoBanue paboTel MeTaIorpadudecKoro 2
MHUKpOCKOIIa

Tewma 1.3 | Jlaboparopnas padota 4. ccrnenoBanue MUKPOCTPYKTYPBI 2
KEJIE30YTIEPOIUCTHIX CIUIABOB

Tema 1.3 | Ilpaktuueckas pabora 1.IlocTpoeHne auarpamm ese30yriiepoauCThIX 4
CILIaBOB

Tema 1.4 | JTabopaTtopHas pabota 5. [IpoBeneHue 3akaiku U OTIycKa CTaJbHBIX 2
00pas3IoB ¢ UCIBITAHUEM TBEPIOCTH

Tema 1.4 | JJaboparopHas pabota 6. MccrnenoBaHrue MUKPOCTPYKTYpBI cTanen 4
10cJIe TEPMUYECKON U XMMHUKO-TEPMUYECKON 00paboTKu

Tema 1.5 | Ilpaktrueckas pabota 2.Beibop pekrMa 3aKallki CTaTbHON JAeTaan 2

Tema 1.5 | Ilpaktuyeckas pabora 3. BeiOOp pekuMa OTIyCKa 3aKaJeHHOU JIETal B 2
3aBHCUMOCTH OT TpeOyeMOil TBepI0CTH

Tewma 2.2 | JlaboparopHas pabota 7. MccineqoBaHue MUKPOCTPYKTYPBI UyTYHOB 2

Tema 2.2 | Ilpaktudeckast padora 4. Bei6op pesxxuma TepMo0OpabOTKH YyTyHHOM 2
OTJIMBKHU

Tema 2.5 | JJaboparopHas pabota 8. HccrnenoBaHrne MUKPOCTPYKTYPBI IIBETHBIX 2
METAJUIOB U CIUIAaBOB

Tema 2.7 | JJabopaTtopHas pabota 9. MccnenoBanre MUKpPOCTPYKTYPBI U CBOICTB 2

JICTUPOBAHHBIX cTaneu




JlaGoparopHasi padora Nel

Tema: Onpenesienne TBEPAOCTH MeTA/LI0B 10 bpunessio u PokBesy

Heas: ¢opmupoBaHHE YMEHHMH ONPEAATh TBEPAOCTh MATEPUAIOB C IMOMOIIBIO JabOpaTOPHOTO
obopynoBanus o Poksenny u bpunenito

Oo6opynoBanme: TBepaoMepsl Poksera, myna bpunenss, nepeBoiHbIe TaOIUIIBI, 00pa3Ibl cTajen
3HAHMS (aKTyaIn3aIus):

- METOJbl U3MEPECHHUS TBEPAOCTH;

yMeHHus:

- TIOJIL30BAThCA J1a0OPATOPHEIM 000y IOBaHHEM;

- UCTONB30BaTh MeToAbl PokBemia u bpuHens mpu ucHbITaHUM MeTalllla Ha TBEPAOCTh Ha
1a00paTOPHOM 000PYIOBAHHH;

- TIOJIH30BAThCSI HOPMATUBHOM U CIIPAaBOYHOM TOKYMEHTAIUEH;

TeopeTnuecknii MaTepuaJ

Teépoocmb — cIOCOOHOCTH MaTepuaa COMPOTUBISATHCS MPOHUKHOBEHHUIO B HETO JAPYTroro,
Oonee TBEPAOTO TENA.

Cnoco6 Bpuwnennsi OCHOBaH Ha TOM, YTO B IUIOCKYIO IOBEPXHOCTh MeTauia (oOpasia)
BJABJIMBAIOT CTAJbHOM 3akanéHHbI mapuk 10 mMMm; 5 MM; 2 MM [OJ NOCTOSHHON Harpys3kou
cootBercTBeHHO 3000kI’; 1000xI" 1 750 xI'. B pe3ynpTare mosy4aeTcs OTIEYATOK B BUJEC JTYHKH,
yeM OOJIpIlle OTIEYATOK, TeM Msrde marepuai. V3mepwsn nuamerp oOTnedaTka € IOMOIIBIO
ONTUYECKOU NTyTIbI, 10 TaOJIMIIe HAXOIIT COOTBETCTBYIOIIME 3HaUeHUs TBEpaocTr HB.

[IpeumymiectBa crocob6a bpuHemis 3axirodaeTcss B MPOCTOTE MCIBITAHUS U TOYHOCTHU
nojlyuyaeMbIx pe3ynbratoB. CrnocoOom bpuHemnss He peKkoMeHAyeTcs HU3MepSATh TBEPAOCTh
matepuaioB ¢ HB > 450, nampumep 3akanéHHON cTany, T.K. NpU HU3MEPEHUHU IIAPUK
nedopMupyeTcss U MoKa3aHHs MCKaxkaroTcsi. Henb3s Takke HCHBITHIBATH TOHKHE MaTepHallbl, T.K.
IIPY UCTIBITAHUY IIAPUK MTPOAABIUBAET 00pa3ell.

Crnioco6 PoxBernna mpuUMEHSIOT MPH UCTIBITAHUK TBEPABIX MaTepHalioB. B oOpasel B1aBIuBaoT
anMas3Hbll KOHyC npu BepunHe 120° uinm cranbHOM 3akal€HHBIM WIApUK auamerpoMm 1,59 mwm.
TBépnocth o PokBenty u3mepsercs B YCIOBHBIX €IMHUIAX. 3HAUEHHUE TBEPAOCTH OMPEACISIOT 110
rmyOMHE OTHeyaTKa M OTCUMTHIBAIOT 110 MIKajle WHAWKATOpa, YCTAaHOBJIEHHOTO Ha mpubope.
HcnpiTaHue ¢ MOMOIIBIO alMa3HOTO KOHYCa MPUMEHSIOT JUIsl TBEPIBIX MATEpUANIOB MPHU Harpy3Ke
P =150 I" (1500 H) nmu 60 I" (600 H) u oTcunthiBatoT no u€pHoi mxane («C» mim «A»).

O6o3nauenue TBEpaoctu: HRC — P =150 xI'; HRA — P =60 kI

Harpysky P = 60 kI' npuMeHSIOT NpU UCHBITAHUU OYEHb TBEPIBIX WM TOHKUX H3JEIHM.
Ecnu npu ucneitannm O6epércst crampHOM mapuk U obmas Harpyska P = 100 xI” (1000 H), To
TBEPJIOCTH OTYUTHIBAETCS 10 majie «By» u o6o3navaercss HRB.

3apanme: OnpenenuTs TBEPAOCTh MeTallIa 10 MeToLy Poksena n bpunens.

Xoa pa6oTsl

OnpezaeneHue TBEPIOCTH 10 MeToy PokBea
1. Tlepen BbImoiHEHHWEM pabOTHI BHUMATEIbHO O3HAKOMBTECH C WMHCTPYKIMEH IO TEXHUKE
Oe3onacHOCTH Tipu padoTe ¢ mpudbopom Pokeeruia u bpuHers.
2. VYcraHoBuTe 00pasell Ha CTOJNHMK MPUOOpa TaKUM 00pa3oM, 4TOOBI aaMa3HBIM KOHYC OBLI
HampaBJIeH B IIEHTPAIBHYI 4YacTh oOpasma, a oOpasen ObLT HapayiesieH MOBEPXHOCTH
CTOJIMKA.



3. BpamenneM MaxoBHKa IOJHUMMTE CTOJMK JIO0 CONPHUKOCHOBEHHS aJIMa3HOIO KOHyca C

oOpa3ioM (ManeHbKas CTpelika Ha MHAMKATOPE JIOJKHA BCTaTh MPOTUB KPACHOM TOYKH;

STHM yCTaHaBIIMBaeTCs MpenBaputensHas Harpy3ka P =10 xI'= 100 H).

[ToBOpoTOM /MCKa yCTaHOBUTE OOJBIIYIO CTPENKy Ha «0» u€pHoil mKkaimsl «Cx;

Bxirounre npubop u npoBeauTe N3MEpEHUe.

[ToBTOpUTE M3MEpEHNUS TOJOOHBIM 00pa3oM 3 pa3a B pa3HBIX TOUKax oOpasia.

JlanHble n3MepeHuil 3aHecute B Tadauiy 1.

Ha o0pasne ¢ ormeyatkamu 3amMepbTe€ C IMOMOINBIO ONTHYECKON JIymbl AUMETP 3-X

OTIIEYATKOB, JJIs1 YETr0 COBMECTUTE OJUH Kpail oTrevarka ¢ «0» IMIKaJbl JIyTbl; APYroi Kpaii

MOKaXXET JUaMeTp OTIIEYaTKa,

9. Tlonp3ysch nepeBOAHBIMM TAOIUIAMHU, IepeBeaAnTe 3HaueHus TBEpAocTH no Poksemry HRC
B yncna TBEpaoctu HB u 3anectu B Tabnuiy.

e

Tabnuna 1- [lokasarenu uzmepeHuit

TBépaocTh
Ne u3MepeHust no bpunesio o PokBesuty
0 P JnameTp oTneyarka, no HB (nepeson)
MM HRC

NN [P |W[N |

10. Coenaiite BBIBOJI.

11. OTBeTbTE HA KOHTPOJILHBIE BOIIPOCHL:

1) B uém npenmyIiecTBO u HeTOCTaTKK MeToAa bpunemsa?

2) ITouemy oOpa3er J0JKEeH yCTaHABIMBATHCS MAPAUIEIBHO MTOBEPXHOCTH CTOIHKA?

3) Kakum criocob6oM u3MepsroT TBEPAOCTD 3aKaIEHHOW CTAILHOM TJIACTHHBI TOIIUHON 15 MM?
3 mMm? Iouemy?

4) Ilpu 3amepe TBEpHOCTH Ha NpuOOpe bpuHewis Ha OJHOM 00pa3ie MOTYUUIICS AHAMETP

orneyatka 3,3 mm, Ha apyrom — 4,2 mm. Kakoii o6pazer; msrue? [louemy?

12. CpaiiTe oT4eT IpenoaaBaTedo.

JlaGopaTtopnas paGora Ne2

Tema: OnpenesieHne yIapHOil BA3KOCTH CTAJIHU

Henb padoTsi: GopMUpOBAHHWE YMEHUH  ONPENENATh yAApHYIO BS3KOCTh METANIOB W U
OCYIIECTBIISATh UCIIBITAHUS Ha YIAAPHYIO BA3KOCTh METAJIJIOB

O0opynoBaHme: MassTHUKOBBIN KoTiep, 00pasiibl 7S NCTIBITAHHS HA yAapHYIO

BSA3KOCTb, IITAHTE€HIIUPKYJIb.

3HAHMA (aKTyau3ams):

- METOJ ONpeJeNeHUs yIapHO! BA3KOCTH;

yMEeHHus:

- TIOJIL30BAThCS JIAOOPATOPHBIM 00OPYAOBAHHUEM;

- UCIOJB30BaTh METOJN OMpPENEICHHUS YIApPHOW BS3KOCTH TPHU HCIBITAHUM METajula Ha
yAapHYIO BSI3KOCTh Ha JJA0OpaTOPHOM 000PYI0BaHUH,

- OCYIIECTBIISITh pacueT yIapHOH BS3KOCTH.



Teopernyeckuii Mmarepuan

Martepuassl, IpUMEHsIEMBbIE JIJIs1 U3TOTOBJIEHUS JeTajell, pabOTaloIIMX B YCIOBUAX YAAPHBIX
Harpys3oK, OABEPratOTCs UCTIBITAHUIO HA YAAPHYIO BA3KOCTb.

[Ipu ucneiTanuu oOpasel] yCTaHABIMBAETCS B ONOpPaX MAasTHHUKOBOTO KOMpa HAJIpe3oM B
CTOPOHY, MPOTUBOIOJIOKHYIO yAapy MasTHUKA. MasTHUK MOJHUMAIOT, P 3TOM OH IpuoOpeTaeTr
3arac MoTeHIManbHOU Hepruu. [lamas MasTHUK ymapsieT mo oOpasily W pa3pylIaeT ero, Ha 3TO
pacxomyeTcsl 4acThb DHEPIMM, OCTABINASCA YacTb JHEPIrUM IOJHUMACT MAATHUK HAa HEKOTOPYIO
BbIcOTy. PaloTy, moriomjaemyro npu paspylleHHH o00paslia, Ha3bIBAIOT YIApHON BA3KOCTHIO.

KC=
So

VY napnas Bsaskocts KC Beruucnsercs mo gopmyie: ,
rae K — pabora ynapa, 3arpauennast Ha usziom oopasnua, Jx (kI - m);
Sp — IOk TIONEPEYHOTO CEYEHHs 00Opa3sia B MECTE Haapesa, M> (CM?).

JI1s McTibITaHUS IPUMEHSIOT CTaHIapTHBIN oOpasell
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Pucynoxk 1 — Dcku3 ob6pasua s pa3pyeHus

3aganue: OnpenenuTth y1apHylo BSI3KOCTh METAJLIA.
Xox padoTbl
1. Ilepen BbIMONHEHHEM pPa0OTHl BHUMATEIBHO O3HAKOMBTECh C MHCTPYKLHMEH IO TEXHUKE
0€30MMacHOCTH MPHU paboTe C MASITHUKOBBIM KOIIPOM.
2.  3anumuTe HAMMEHOBaHWE MaTepuaia oopasua B rpady 2 Tabmuis 3.

3. H3mepbTe nuHElHbIE pa3Mepbl 00pasia B MECTEe Hajpe3a U 3aHeCTH B rpady 3 Tabmuis 2.

Tab6muma 2 - [Toka3zarenu uaMepeHui
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3. PaccuuraiiTe Tuioma s NOMEPevyHOro ceueHus: oopasiia u 3amnoiaHure rpady 4 Tabauis 2.
4. HaxxMuTe Ha TOPMO3HYIO NI€Aallb U MMOJHUMHUTE MAsTHUK JI0 33JaHHOTO MOJIOKEHHUS], 3aKpPETHTe
3amEnKoii; 3apuKCUpyiiTe MOMHYIO SHEPTUI0, 3aMacEHHYI0 MAasSTHUKOM IO IIKaie, M 3aloJIHUTE
rpady 5 Tabmuier 2.
4. [Tomectute oOpa3zel] Ha ONMOPHI HAZPE30M B CTOPOHY, MPOTUBOIOJIOKHYIO yAapy.
5. OmycrtuTe 3aménKy ¥ MPOU3BEaUTEe yaap mo o0pasiy.
6. 3aduxcupyiiTe BpeaHyo padoTy, COBEpIIaeMyI0 MAasTHUKOM, MO IIKaJlie U 3arnoiHute rpady 6
TaOIUIIBI 2.
7. Ha oOpaTHOM ABMKEHUH MasTHUKA OIyCTUTE TOPMO3HYIO Meallb, YTOOBl OCTAHOBHUTH KaueHHE
MasiTHHUKA, 3a)UKCUPYITE TOJIe3HY 0 padoTy U 3anoiaHuTe rpady 7 Tabmuis 2.
8. Paccuuraiite 3nauenue ynapaoi Baskoctu KCU u 3anomaute rpady 8 Tabnuis 2.
9.  Cnenaiite BbIBOJI.
10.0TBeThTE HAa KOHTPOJIbHBIE BOIIPOCHI:
1) [ToueMy npu UCTIBITAHUSIX IPUMEHSIOT CTaHAAPTHBIN 00pazen?
2) Kakue npaBuia TEXHUKH 0€30MaCHOCTH HEOOXOMMO COOIOaTh MPU UCTIBITAHUSX ?
3) 3auem Ha cTaHIaPTHOM OOpa3lie JAeNaT Haape3?
11. CnaiiTe oT4eT IpenoaaBaTesto.

JlabopaTopnasi padora Ne3

Tema: MWMccaenoBanue ycTpoiicTBa M NPHHOMIA PadoThl  MeTALIOrpaduyecKoro
MHKPOCKONA

Heas: GopMupoBaHre yMEHHI OCYIIECTBISATh HACTPOWKY M MPUMEHEHSTh METaJUIOTparueCcKuil

MUKPOCKOII JUIsl UCCIIEI0BaHUSI MUKPOCTPYKTYPBI CTaJIeH.

OGopynoBanue: meramtorpadpudeckuii MuUKpockon «MUM-7y, Habop Mukponuindon

3HAHMSA (aKTyaTn3arms):

- ycTpoiicTBa MeTamuorpagpuyeckoro Mukpockona « MUM-7»;

YMEHHs:

- TI0JIb30BaThCs MEeTAIOrpapuueckuM MUKpockonioM « MUM-7».

Teopernyecknii Mmarepuan

OO6muit Bug mukpockona MMUM-7 nokazan Ha pucyHke 1. Ha ocHoBaHMM ycCTaHOBIEH
OCBETHUTENb 15 1 Kopmyc 2, Ha KOTOPOM CMOHTHPOBAHBI BCE Y3JIbI MUKPOCKOTIA.

Ocserutens uMmeer GoHapb 14, cocTosmMi U3 JamIbl HAKAJIUBaHUSA, 3aKPBITOH KOXKYXOM.
IIpu HacTpoliKe OCBELICHMsSI BUHTaMH 27 OCBETUTENb MOXHO IEPEMEINATh B TOPU30HTAIBHOM
HanpaBJIeHUN (UKCUPYSI €ro MOJOXKEHHWE 3KUMHBIM BUHTOM 16. Jlamma BKIIO4aeTcst B CETh
NEPEMEHHOT0 TOKa uepe3 TpaHchopMaTop ¢ MepeKiItoyaTeseM Ui peryIupoBKY HaKaja JaMIIbl.
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Pucynok 1 - Mukpockort MUM-7.

K HmwkHell dyacTu Kopilyca Iepell OCBETUTENeM MpHUKperyieH Tuck 13 ¢ Habopom
cBeTohmiIbTpoB. C  NPOTUBOIMOJIOKHOW CTOPOHBI KOpIyca HAaXOOUTCA YCTPOMCTBO st
dbotorpadupoBaHus 00beKTa ¢ pamMKkoit 3. B pamke 3akperisieTcss MaTOBOE CTEKJIO JJIsi HABOJKU Ha
pPEe3KOCTh WJIM KacceTa € IUIACTUHKOM 9x12 oM. JIAMTeNnbHOCTh BBIACPKKH 00€CreunBaeT
dorozarBop 18. CneBa or HaOmiojarenst B HIDKHEH YacTH KOpIyca HMeEeTcsi pykosiTka 25
nepexiroueHus (HoTookynsipoB. Ha ropu3oHTanbHOM MIIOCKOCTH HIKHEH 4acTH KOpIlyca YKperieH
y3en anepTypHod nuadparmel 17, B oTBepCcTHE KOTOPOM yCTaHABIMBAETCS KOJIBIIO C HAKATKOM,
BUHT 28 a5 (PUKCUPOBAHMS MOJIOKEHUS alepTypHOH JuadparMel Mpu €€ IOBOPOTE U BUHT 26 I
CMelleHus quadparMel IPH YCTAHOBKE KOCOTO OCBEILIEHUS.

K nepenneit BepxHeil yacTu KOPITyChbl IPUKPEIUIEH Pa3BIKHOM TyOyC 5, Al BU3YalIbHOTO
U3y4eHUs 00beKTa; B oTBepcTue TyOyca BcraBisercss okyisip 6. Ilpu BuzyanbHOM HaOIOIEHUN
00BeKTa TyOyc AOKEH OBITh BBIABUHYT JI0 YIIOpPa, a MpH (GoTorpadupoBaHUN BABUHYT JI0 Mpeaea.
Ha ropu3oHTaIIBHOM INTIOCKOCTH BEPXHEN YacTH KOpITyca UMEETCs BEPTUKAJIbHBIN MIUTFOMUHATOP 7,
Ha BEpXHEE OTBEPCTHE KOTOPOro yCTaHaBiMBaeTcs oObekTHB 22. Ha matpyOke wWuIrOMHHATOpA
YCTaHOBJICHA paMKa ¢ JIMH3aMU 23 171 CO3JaHusl CBETIOr0 M TEMHOIO MoJyiel u pykosatrka 10 s
BKJIIOYEHUSI auadparmMbl Ipu paboTe B TeMHOM Imojie. B HmkHel uyacTu koxyxa 21 umerotcs
LEHTPOBOUYHBIE BUHTHI 20 noseBoil quadparmel. OTBepCcTHE MUadparMbl yCTaHABIMBAIOT MTOBOAKOM
19.

K BepxHell 4YacTH KOpmyca NpPHUKPEIUIEH MOJBMXKHBIA KpOHITEHH 11 ¢ mpeameTHbIM
CTOJIMKOM 9, B OTBEpCTHE KOTOPOTO BCTAaBIIAIOTCS CMEHHBIC MOAKIAAKH Ui M3Y4YEHUSI OOBEKTOB
pa3nuyHOM BenMuuHBL. B mnpeaMeTHbI CTOMMK BBUHYMBAIOTCS JAepxarenu 8§ mumda. s
BEPTUKAIBHOTO TEpPEMEIICHUs] IMPEIMETHOr0 CToJMuKa (MpH CMEHe OOBEeKTUBAa W s TpyOoit
HABOJIKUA Ha PE3KOCTh) CITY)KUT MakpoMeTpudeckuid BUHT 12. [TonokeHre cTonmnka B BEpTUKATBLHOMN
IUIOCKOCTH (DUKCUPYETCS 3aKUMHBIM BUHTOM 24. JIns TOHKONW HABOJAKM HA PE3KOCTh CIIYKUT
MUKPOMETPUUECKHI BUHT 4, IPU BpaLleHUH KOTOPOro OOBEKTHUB MEpPEMEIIAeTCsi B BEPTUKATILHOM
HaIpaBJICHUU.
3aganue: onucaTh yCTPOUCTBO, MPUHIIMIT JEHCTBUS U MOPSIOK paboThl Ha MUKpockonie MUM-7M

Xon padoTsl

1. Ilepen BbImoiaHEHHWEM paOOThl BHUMATEIbHO O3HAKOMBTECH C MHCTPYKLMEH IO TEXHUKE
Oe3omacHoCTH IpH paboTe ¢ MeTautorpapuueckum Mukpockornom MHUM-7M.
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2. OmnpenenuTe yBEIMYCHHE MHUKPOCKOINA KaK NPOW3BEICHHE YBEIMYCHUS OOBEKTHBA, Ha
YBEJIMUYCHUE JTaBAEMOE OKYJISIPOM.

B otBepcTue TyOyca BcTaBbTE OKYJIIS.

4. BpamieHneM MHKPOMETPUYECKOTO BHHTA TOJHUMHUTE TPEIMETHBI CTOJMK M BCTaBbTE
0O0BEKTHB B MIOCAI0YHOE OTBEPCTHE.

BpamenrneM MUKpPOBHHTA OITyCTUTE MPEIMETHBII CTOJHK.

VcraHOBUTE Ha NPEAMETHBIH CTOJMK MHKPOUUTH(] CTald M HaBEJUTE OTBEPCTUE B
IIPEIMETHOM CTOJIMKE Ha IIITUQ.

7. HabGmonas B OKyJsip, BpallleHHEM MaKpOBHHTA IIPOU3BEINTE IPyOyI0 HaBOJIKY Ha (oKyc.

8. BUHTOM 3aKpenuTe MpeIMETHBII CTOIUK B YCTAHOBICHHOM MOJIOXKECHUU.
9
1

98]

oW

Habmronast B okynsip, BpalieHHeM MUKPOBUHTA MIPOU3BEANTE TOUHYIO HACTPOUKY Ha (OKYC.

0. HaGnromass B OKyJsAp, MeEpeIBUTaiTe MPEIMETHBIH CTOJIMK C TIOMOIIBIO BHUHTOB W
MIPOCMaTpPUBANTE CTPYKTYPY CTaJIM B pa3HbIX MecTax Hutnda.

12. Tlo pe3ynbpTaTtamM pabOTHI CIETAWTE BHIBOI.

13. OTBeThTE Ha KOHTPOJIBHBIE BOIIPOCHI:

1) dyis gero nmpeaHa3sHadueH MeTayiorpaduueckuii MUKPOCKOTT?

2) Kak onpenenuTs yBEIMYCHHE MUKPOCKOMA?

3) J171st yero moBepXHOCTh MUKPOILIH(A MOIBEPTatoT TPABICHHUIO?

13. CaaiiTe oT4eT IpenoaaBaTesto.

JlabopaTopnasi padora Ned

Tema: HccienoBanue MUKPOCTPYKTYPBI Kej1e30yIJIePOANCTHIX CIJIABOB B PABHOBECHOM

COCTOSIHMH

Heas padorsi: dopMmupoBaHME yYMEHHMH HCCIIEAOBATH MUKPOCTPYKTYDPY >KEI€30YIJIEPOIUCTBIX

CIJIAaBOB B PAaBHOBECHOM COCTOSIHUH C TIOMOIIIBIO METAILIOTpahnaecKoro MUKpOCKOIa
ObGopynoBanue: Mertauiorpapuueckuii  Mukpockon «MUM-7My», Habop MuKpounuindos

YIIIEPOAUCTHIX CTANICH ¢ pa3IMYHBIM COAEPKaHUEM YTIIepo/a.

TeopeTnuecknii MaTepuaJ

JlnarpaMma COCTOSIHHSI CIUIaBOB Kelle3a C LEMEHTHTOM IOKa3bIBaeT MpeBpalleHus,
IIPOUCXOSIINE IPU Pa3IMUHBIX TEMIIEpATypax B KeEJIE€30yTIEPOAUCTBIX CIUIaBaXx.
XKenezoyraepoaucTeie CIJIaBbl C KOHILIEHTpauuen yriaepoga a0 2,14% HaszpiBaroTcs
CTaJISIMH, a ¢ KOHIeHTpaluel coiie 2,14% - uyryHamu.
W3 nuarpammel (pucyHOK 1) BUAHO, YTO CTPYKTypa CTajld B PAaBHOBECHOM COCTOSIHUU
OIIpEeEIAETCS COJEPKAHUEM YIJIEPOIa.
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AWarpaMMa COCTOAHWA MEneso - UEMEeHTHT
A- aycteHuT, N - nepnuT, Nl - neaebyput, @ - deppuT, Ll - UBMEHTHT

Pucynok 1 — luarpamma coctosuus Fe-Fe;C

Bce craimm ¢ conepxkanmem yriepoma mo 0,8% cocrosT u3 depputa (cBeTiblidi (OH) U
nepauTa (TEMHBINA (HOH) U HA3BIBAIOTCS JOIBTEKTOUTHBIMH.

@DeppHUT UMEET 3€PHUCTOE CTPOEHHE, 00J1a1aeT MAarHUTHBIMHM CBOMCTBAaMU U SIBJISIETCS CaMOi
IJIACTUYHON U MATKOM COCTABJISIIOLIEH JKeJIe30yIIIepoAUCThIX cIuiaBoB. TBEpaocts HB = §0.

[epnut npencraBusieT co00i IBTEKTOUTHYIO CMECh, COCTOSIIYIO M3 MEJIKUX TIACTUHOK HITH
3€peH IEMEHTUTA, PACTIOJIOKEHHBIX B (PEPPUTHON OCHOBE.

B 03BTEKTOMIHBIX CTalsX KOJIMYECTBO TepiHWTa yBelIW4YMBaercs, a deppura —
YMEHBIIIAETCS MPOMOPLHUOHATLHO BO3PACTAHUIO COJIEpXKaHHUS yriepojaa. 3Has MPOLEHTHOE
CoJIep’KaHue yTiiepo/ia, MOXKHO ONPEJEIUTh MapKy CTaJH.

Cranb ¢ conepxanueM yraepoaa 0,8% HasbiBaeTcs 3BTEKTOUHONU. E€ cTpykTypa — nepiur.
Cranu ¢ conepkanuem yrieponaa ot 0,8 1o 2,14% - 3a9BTEKTOMIIHBIE, UX CTPYKTypa — MEPIHUT U
[EMEHTUT BTOPUYHBIN.

UyryHbl, KpUCTaJUIM3YIOLUECS IO AUarpaMMe JKeJe30-LIeMEHTHUT, Ha3biBatoTcsa OenbiMu. B
HUX BECh YIJIEPOJ HAXOAWUTCS B CBSI3aHHOM COCTOSIHUM B BHJIE IIEMEHTHTa. benble 4yTryHbI
NOJIpa3AessAloTCs Ha JOIBTEKTUUECKUE, SBTEKTUUECKUE U 3aIBTEKTUUECKHE.

OBTeKTHUecKuil Oenblii uyryH coaepxut 4,3% yriepona, ero crpykrypa — JieaeOypHur.
JloaBTEeKTHYECKHE Oelble YyTYHBI coiepkar yriiepoaa ot 2,14 no 4,3%, ux CTpykTypa — MEpIIHT,
BTOPUYHBIA LIEMEHTUT W JeaeOypuT. 3adBTeKTUUYECKHEe Oenble YyryHbl conaepxkar Oonee 4,3%
YIJIEpoAa, UX CTPYKTYypa — IEPBUYHBIA IEMEHTUT B BUJIE€ KPYIIHBIX UTJ U JIeAeOypHUT.

3aganue: lccnenoBaTh MMKPOCTPYKTYPY IKEJIE€30YTJIEPOAUCTHIX CIUIABOB B PaBHOBECHOM
COCTOSTHUH

Xoa padoThl

1. Ilepen BbIMONHEHHEM pPAa0OTHI BHUMATEIHHO O3HAKOMBTECh C HWHCTPYKIHEH 110 TEXHHKE
0e30MmacHOCTH MpH paboTe ¢ Metauiorpadpudeckum Mukpockonom MUM-7M.
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2. YcTaHoBUTE Ha MPEAMETHBIN cTONMUK MUKpouing cranu 80 Tak, 4ToObI TNIOCKOCTH nutHda Obla
pacnosokeHa NeprneHANKYJIIPHO K ONTHYECKON ocH 00BEKTa.
3. [TocmoTpute MUKpOCTPYKTYpY Hutuda ctanu 80.
4. 3anonauTte TabaUIy 3:

4.1 B rpade Ne3 — HanummTe XUMHYECKHI COCTAB CTaJId, UCXO/IS U3 €T0 MapKUPOBKH.

4.2 B rpade Ne 4 — 3apucyiite MUKpOCTpyKTYpY cTaiu 80.

4.3 B rpade Ne5 — Hanummte CTpyKTypHbIe cocTaBistomue ctanu 80.
5. IloBTOpUTE BHIIIE ONMMCAHHBIE ONEepau ¢ MUKponutudom cramu 60 u Y12A (1. 2-4).

Tabmuma 3 - Pe3ynbTaThl UCCIIeIOBAHHUS

Haumenosanue u | Comep:xanue MukpoctpykTypa
Neri/rt CTPYKTYpHBIE
Mapka CIiiaBa yriaepoaa 3apUCOBKa CoCTABIIONHC
1 2 3 4 3
1 Cranp 80
2 Cranp Y12A
3 Cranb 60

6. Ilo pesynbraTam paboThI cenaiTe BEIBO/,.
7. OTBEThTE Ha KOHTPOJIbHBIE BOIIPOCHI:
1) Uem otnmnuaetcs ctpykTypa ctanu 80 ot ctanu Y12A?
2) Yem otnuuaercs ctpykrypa ctanu 80 ot ctanu 607
3) Kak Bauser NpOLEHTHOE COJepXkKaHWE YIiepoda Ha TBEpAOCTb M IMPOYHOCTH
JKEJIEe30yTIEPOAUCTBIX CIIABOB?
8. CnaiiTe OTYET MPEnoaaBaTeNio.

JlabopaTopnasi padora Ne5

Tema: [IpoBeneHue 3aKaiky U OTIMYCKa CTAIBHBIX 00Pa3I0B C UCTIBITAHUEM TBEPAOCTH

Leab padoTsl: popMupoBaHrEe YMEHUI OCYIIECTBIATH TEPMOOOPAOOTKY M MPOBOAUTH UCTIBITAHUS
MeTajuia Ha TBePJIOCTb.

Oo6opynoBanue: MydenbHas IeKTpUdYecKas edb, 3aKalOUHbIN 0ak ¢ BOJIOMH,

TBepaomep Poksera, kiemnu, o0pa3siel ctainu 45, MApOYHUK CTaJe.

3HaHUA (aKTyaau3anus):
- CBOWCTBa METAIJIOB;
- TeMIlepaTypHBIC PEKUMBI 3aKaJTHUBAHUSI METAJIOB.
YMeHus:
- TIOJIL30BATHCA J1a0OPATOPHBIM 000y IOBAHHEM;
- OCYIIECTBIIATh TEPMOOOPAOOTKY MeTajia /Uisl YBEINYEHHs [TOKa3aTeNei TBepAOCTH;
-IIPOBOJIUTH IKCIICPUMEHT;
- U3MEPSTh TBEPAOCTb.
Teopernyeckuii MaTepuaJl

3axankoii Ha3BpIBAIOT MPOIIECC TEPMHUUYECKON 00pPaOOTKH — HArPEB CTAIH BBIIIE TEPMUICCKON
TEMIIepaTyphbl, BBIACPKKA U TMOCICOyIIIee OBICTPOE OXJKICHHE C IEJIbI0 MOJYYCHHUS
HEPAaBHOBECHOW CTPYKTypbl. B pe3ynbTaTe 3aKaJIki MOBBIMIAETCS MNPOYHOCTh W TBEPAOCTh U
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MMOHIKACTCS TUIACTUYHOCTE cTajii. OCHOBHEIC mapaMCETpbl IIPU 3aKaJIKC: TCMIICpaTypa HarpcBa,
BBIJICPIKKA U CKOPOCTH OXJIAKACHU.

IIpu 3akanke HOIBTEKTOMIHBIE CTaIM HArpeBalOTCA [0 TEMIEpaTypbl Ha 30+50
IpagycoB BbIIIE TOUKU ACs.

[Ipn 3akanke 3a’BTEKTOMJIHBIE CTalM HArpeBalOTCs N0 TEMIIEpaTypbl Ha 30+-50
IpagyCcoB BBIIIE TOUKU ACs.

B 3aBucuMocTH OT pa3MepoB JeTajlied U TEIJIONPOBOJHOCTU CTalu BBIOUPAIOT BpeMs
HarpeBa. Bpems BBIIEpXKKM HpU TEMIEpaType 3aKajJKd BBIOMPAIOT TAaKUM, YTOOBI MOJHOCTBIO
3aBepIIMINCH (ha3oBble mpeBpaieHus. llpakTuuecku Bpemsi HarpeBa B 3JIEKTpOIedax IMPHUHITO

1,5+2 MUH Ha 1 MM ceueHusl.

CKOpOCTh OXJIaXJICHUS CTAIM, HATPETOU J0 TEMIIEpaTyphl 3aKaJKH, OKa3bIBAET pelIaroliee
BIIUSTHUE Ha pe3yJbTar 3akanku. Haubosee pacnpocTpaHEHHBIE 3aKaJOYHBIE CPEJbl: BOJA, BOJHbBIE
pacTBOPHI COJIEHN U LIEIOYEN, MACIIO, BO3AYX, PACIJIaBJICHHBIE COJIU.

Boga oxmaxmaer ropa3no OwsicTpee, yeM maciio: B 6 pa3 ObicTpee mpH temmeparype 550 —
650 °C u B 28 pa3 6sictpee npu 200 °C. IloaToMy BOoay NPUMEHSIIOT Ul OXJIAXKACHUS CTalled ¢
OO0JIBIIION KPUTHUECKON CKOPOCTHIO 3aKalKU (YIJIEpOAUCTHIX CTajieil), a B Macie OXJIaXIaloT CTalH
C MaJol KPUTHYECKOM CKOPOCTHIO 3aKasIKM (JIerMpoBaHHbIE cTaiu). OCHOBHOM HEIOCTAaTOK BOJbI
KaK OXJIAJUTENs — BBICOKAs CKOPOCTh OXJIAXJICHHUS TMPH MOHMKEHHBIX TeMIlepaTypax B 00JIacTH
00pa3oBaHMs MAPTEHCHUTA, YTO MPUBOJUT K BOSHUKHOBCHHIO OOJIBITUX CTPYKTYPHBIX HAMPSIKECHHUHA
U cOo371a€T OMACHOCTh BOSHUKHOBEHHUs TpeuinH. JloGaBieHne K BOJE COJIEH, MIeNo4Yel yBeIUnINBaCT
e€ 3aKaIMBAIONIYIO CTIOCOOHOCTbD.

Macno oxjaxIaeT 3HAYUTEeNbHO MeEAJIEHHee, YeM BOJa, HO MPEUMYIIECTBO Maclia Kak
OXJIAJIUTENSI 3aKITF0YAeTCs TAK)KE B TOM, YTO OHO 00JiafiaeT HauOoJIbIIeH CKOPOCTBIO OXJIAXKICHHS B
obnacTu TeMIleparyp MAapTEHCUTHOTO NPEBpAIIeHHs, IO3TOMY TMpU OXJAKICHHUH B Macie
OMacHOCTh O00pa3oBaHMsI TPEIIMH pe3Ko yMeHbImaeTca. HemocraTkm wmacima — 3TO  Jierkas
BOCIJIAMEHSIEMOCTb, TPUTOPAHUE K TOBEPXHOCTH JIeTaJICH.

OcHogHble cnocodbl 3aKAIKU:

- 3aKajka B OJTHOM cpene;

- 3aKaJika B JIByX cpeax (depe3 BOAy B Maco);
- CTymneHuaTas 3aKajka;

- W30TePMHYECKas 3aKaJIKa.

Omnyckom Ha3bIBAIOT MPOIIECC TEPMUUYECKON 0OpabOTKM — HarpeB 3aKaJ€HHOM cTajau [0
TEMIIEPATYPHI HE BBITIIEC TOUYKHA AC.

OTnyck MpoOBOISAT AJSl CHIDKEHUS WIM TOJHOTO YCTPAaHEHHUs BHYTPEHHUX HaIpsDKEHUH,
YMEHBIICHUSI XPYIKOCTH 3aKaJEHHOM CTaJIH M MOJXY4YEeHUS! TpeOyeMol CTPYKTYpPhl I MEXaHUYECKHX
CBOICTB. B 3aBUCHMOCTH OT TeMIepaTyphl OTIYCK JEISAT Ha HU3KHM, CPeTHUN U BBICOKUH.

Huskuit otmmyck — HarpeB ctanu o temmeparypbl He Oonee 200 °C u oxJjakaeHUe s
MOJTyYEHUS! CTPYKTYpPhl MAPTEHCHUTA OTIYCKA U YACTUYHOTO CHATHSI BHYTPECHHUX HAMPSIKCHHM.

Cpennuit otnyck — HarpeB ctaiim oT 350 °C mo 500 °C u oxnaxkaeHue sl MOTy4YeHUs
CTPYKTYPbI TPOOCTHTA OTITYCKA.

Bricokuit ormyck — HarpeB ctanu ot 500 °C no 650 °C u oxyaxaeHue i MOTyYeHUs
CTPYKTYpbI cOpOUTa OTITyCKa. 3aKajKy C BHICOKUM OTITYCKOM Ha3bIBAIOT yIyUIICHHEM.

Saua}me: HpOBCCTI/I 3aKaJIKy U OTIIYCK CTaJIbHBIX 06pa3u03 C UCIIBITAHUEM TBECPAOCTU

MmeTo1oM PokBenia.
Xon padoTsl

1. Ilepen BbIMONHEHHEM pPAa0OThI BHUMATEIBHO O3HAKOMBTECh C HWHCTPYKLHEH 10 TEXHHKE
6e3omacHOCTH MpHU padboTe ¢ MyPeTbHOM IEKTPOIEUbI0 U TBEpaoMepoM PokBerra.

15



2. Ompenenute TeMIEpaTypy 3aKalku CTand 45 Mo JuarpaMme <GKene30-IIEMEHTHT)», CpaBHUTE €&
CO CIIPpaBOYHBIMU JAHHBIMHU IO MAPOYHUKY.

3. 3ameppTe TBEPAOCTH 00pa3loOB A0 3aKajkd (B HOPMAIU30BAHHOM COCTOSIHUM) METOJOM
PokBeria u 3aHecTu pe3ysabTaThl B TAOIHILY 5.

Tabmuua 5 - [okazaTenn u3mMepeHui
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4. Onpenenute BpeMs BbLACPKKHU B IIeUd, UCXO/S U3 pa3MEPOB JIETaIIH.
5. Onpenenure TemnepaTypy HarpeBa B I1€4H, UCXO/S U3 IPOLEHTHOIO COJEPKaHus yriepoa.
6. 3arpy3ure o0pasibl B [1€4b, HATPETYIO /10 33JaHHON TeMIIepaTyphl, U BBIAEPKUTE YCTAHOBIEHHOE
BpeMs.
7. 3akanuTe 00pa3iibl B BOJE, HE IOMyCKasi 00pa30BaHuUs «IIapOBOW PyOaIlIKi»:
- mepeMernanTe o0pasipl KIemaMy B BOJE «BOCBMEPKOI;
- oOpaszell BO3bMHUTE KJIeIaMu 3a «00UKy», a He 3a TOPIIbL.
6. ITocne ocTeiBaHUS 00PA3LOB 3aMePbTE TBEPOCTH M 3aHECUTE PE3YJIbTATHl B TAOJHUILY 5.
7. TlpowsBenure OTIyCK 00pa3ioB mpu Temmeparype paBHor 600 °C B Teuenwe 30 MHUHYT C
OXJIAXKJECHUEM Ha BO3yXe (JJIs1 3KOHOMHUH BPEMEHU OXJIAKIEHUE MOXKHO IIPOBECTH B BOJIE).
8. 3amepbTe TBEPAOCTH U 3aHECUTE PE3yJIbTaThl B TAOIUILY 5.
9. Ilo pe3ynbraTam pabOTHI cAeNaiTe BHIBO/.
10. OTBeThTE HAa KOHTPOJIbHBIE BOIIPOCHI:
1) Kak BbIOpaTh TeMIIepaTypy 3aKajKd JT03BTEKTOUTHON M 3a9BTEKTOUIHOMN cTanu?
2) Ilouemy npu 3akainke aeTanu (00pasibl) HEOOXOAMMO IMPOKAYUBATH?
3) [Mouemy TBEPAOCTH OOPA3IOB U3 CTATH 45 MOCIE 3aKAIKH B Maclie MEHbIIIe, YeM MPH 3aKaJIK! B
Bone?
4) Kakoii crioco0 3akajiky UCTIONb3yeTcs B TabopaTopHoi padore?
5) Uro Takoe ymydiieHue?
11. Cnaiite oT4ET MpenoaaBaTeio.

JlabopaTopHas paGora Ne 6

Tema: MccnenoBanue MUKPOCTPYKTYPBI CTAJIEN MOCIIE TEPMUUECKONM U XUMHUKO-TEPMUAYECKOM
00paboTKn

Hean: ¢dopmupoBaHHE YMEHHH ONpEAENsTh MHUKPOCTPYKTYpPY CTajlell IOCiIe TEpPMUYECKOH H
XUMHUKO-TEPMHUECKON 00pabOTKH C MOMOIIIBI0 Ja00PaTOPHOTO 000PY10BAHUS

O0opynoBanue: metamuiorpadguyeckuii Mukpockon «MHUM-7», Habop mMukpounuindos craneit 45,
V10 u 20, nnakat «/luarpamma xene30-ueMeHTUT.

3HaHuA (aKTyanu3anus):

-  MHKPOCTPYKTypa cTajieil ociie TePMUUECKON U XUMUKO-TEPMUYECKO 00paboTKH;

YMeHHs:

- TIOJIH30BATHCSI TAOOPATOPHBIM 000PYI0BAHUEM;
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- pa3nuyaTh CTPYKTYpPbI PA3IMYHBIX CTalel MOcie TePMUYECKON U XUMHKO-TEPMHUYECKOM
00paboTKH.
TeopeTnyeckuii MaTepuaJl

Llenbto TepMuyecKkoil 00pabOTKU cTanu SBISETCS U3MEHEHUE CBOMCTB IMyTEM M3MEHEHUS e
(da3zoBOro cocraBa U CTPYKTypbl. PaBHOBECHas CTPyKTypa CTajM, COOTBETCTBYIOLIas AMAarpaMMe
COCTOSTHUS <«OKeNe30-IIEeMEHTUT», (OpMHUpYeTCs B pe3ylbTaTe OTKWUra. B pesynapTaTe MOIHOTO
OTXKHra JIO3TEKTOMUIHAS CTallb NPUOOPETAaeT PABHOBECHYIO CTPYKTYpy MepiuTa U ¢eppura c
BBICOKOM IUIACTUYHOCTBIO M BA3KOCTHIO. llocime HopManmuzaumu J03BTEKTOMAHAS CTallb HMMEET
TaKylo € CTPYKTYpY, 4TO M I1OCJI€ IIOJHOTO OT)KHUTra, HO MEPIUT CTAHOBUTCS 0oJiee AUCIIEPCHBIM,
IIPU 3TOM HE3HAUUTEIBHO YBEIMUMUBAKOTCSA TBEPAOCTh U MPOYHOCTD.

[Tocne 3akanku yriaepoAuCTbie CTaIH MOTY4atoT CIEAYIOUIYI0 CTPYKTYPY:

- JI0OPBTEKTOWJHBIC CTAIM — MAPTEHCUT (TIOJTHAS 3aKajKa);
- 3a3BTEKTOMJHBIE — MAPTEHCUT U KapOU/bl (HEMOTHAS 3aKaIKa).

[IpuMeHeHne HENOJIHOM 3aKalKh JUIsl 3a3BTEKTOMAHBIX CTAJled TMO3BOJISIET MOJIYYUTh
BBICOKYIO TBEPIOCTH 3a CUET HATMYMS B CTPYKType Kapouaos (nementura Fes;C).

MapreHcuTHast CTPYKTypa o00JIaJjaeT BBICOKUM YPOBHEM OCTATOYHBIX HaIpsDKEHUH,
BBICOKOM TBEPJIOCTHIO, TMPOYHOCTHIO, XPYNKOCThIO. Ilo3TOMy Uil CHUXKEHHMS OCTAaTOYHBIX
HANPsOKEHUN U MOTydYeHHs 0ojiee paBHOBECHBIX CTPYKTYp paciaja MapTeHCUTa 3aKajIEHHYIO CTallb
MOJIBEPTaloT OTIYCKY. IIpn HHU3KOM OTIyCKE YAaCTMUYHO CHUMAIOTCSI HANpPSDKEHUS M MOJIydaeTcs
CTPYKTypa MapTEHCUT OTIyCKa, MPU CPEOHEM OTIYCKE — TPOOCTUT OTIIYCKA, MPU BBICOKOM —
copour otmycka. Obpa3yemble pu OTIyCKe (PepPUTO-IIEMEHTUTHBIC CMECH — TPOOCTHT OTITYCKA H
COpOHT OTITyCKa — UMEIOT 3epHUCTOE CTPOCHHE B CBSA3HM C OKPYIJION (opMoil yacTull KapOuaHON
¢a3pl B OTIMYKME OT MMEIOIIMX IJJACTUHYATOE CTPOCHHUE TPOOCTUTa U copOuTa, 0OpazyembIX B
pesynbrate AudPy3uoHHOTO MPEeBpaILEHHUS MePeoXTaKIAEHHOTO ayCTEHUTA.

[locne 1memeHTalMu MOBEPXHOCTh HU3KOYIJIEPOJUCTON CTalM HACHIIMIAETCS YTJIEPOJIOM C
o0Opa3oBaHHeM IIeMEHTUTa — KapOujoB >kene3a. KapOuabl pacmonarairoTcs Mo rpaHuiiaM 3€peH
nepauTa U MOTYT 0Opa30BbIBaTh IIEMEHTUTHYIO CETKY. L{eMeHTHpOoBaHHBIN CII0H COCTOUT (YCIOBHO)
13 TPEX 30H:

- 3adBTEKTOMJIHOM — PAacCIOJIOKEHHOM y TIOBEPXHOCTH M HMEIOUIEH  CTPYKTypYy

3a3BTEKTOMIHOM CTau (MEPJIUT U IIEMEHTHUT) ¢ coaepkanueM yriaepoaa 0,8 — 1,0%;

- DOBTEKTOMJHOM — UMEIOLIEH CTPYKTYPY IBTEKTOMIAHOM CTadud — MNEPIUT C COACPKAHUEM

yriepona 0,8%;

- JIO3BTEKTOUJHOW — HUMEIOUIEN CTPYKTYpY JO3BTEKTOMIHOW CTalM — MHEPIUT U (eppur,

coaepxanue yraepoaa 0,8%.

[locne nemeHTanuu JeTajib 00SI3aTENIbHO MOJBEPraloT 3aKallke M HHU3KOMY OTIIYCKY, HpHU
ATOM TMOJYy4YaeTcs CTPYKTypa MAapTEHCUT OTIYCKa — B LIEMEHTUPOBAHHOM CJIO€, & B CEpALICBUHE
JIeTali — MaJIOyIJIEpOJUCTBI MapTEeHCUT. B pesynbTare 3akaiku TBEPIOCTb U M3HOCOCTOMKOCTh
MMOBEPXHOCTU JI€TalIM CTAHOBUTBHCA BBICOKOW, a TBEPAOCTh CEPALEBUHBI JETAIHM MOBBIIIACTCS
HE3HAYUTEJIbHO M3-32 HM3KOTO COJAEpXkKaHMs yriepojaa. B CBA3M ¢ HaMBBICIIMUM COJEp’KaHUEM
yraepojaa caMasi BbICOKasi TBEPAOCTh HAOMI0JaeTCsl Ha MOBEPXHOCTH JAETalH.

3apanmne: OnpenenuTs CTPYKTYpPy MeTajia MocCiie TEPMUYECKOW W XUMHUKO-TEPMHYCCKOM
00paboTKH.
Xox padoTsl

1. Tlepen BeImOTHEHWMEM pabOTHI BHUMATEIBHO O3HAKOMBTECh C HMHCTPYKLIHEH IO TEXHUKE
0e30macHOCTH TpU paboTe ¢ METAIUIOTpaPUIECKIM MUKPOCKOTIOM.

2. YcTaHOBUTE Ha MPEAMETHBIH CTOIMK MHUKpoOUUIHd cranu 45Tak, 4ToOBl MIOCKOCTh NUH(pa Obu1a
pacnosokeHa NepHeHUKYJIIPHO K ONITHUECKON OCH OOBEKTa.

3. [TocMoTpHTE MUKPOCTPYKTYpY HutMda cTaimu 45 Ha MEKPOCKOTIE.
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4. 3anonHuTte Tadbnuiy 6:
4.1 B xononke Ne3 — HamuImuTe BUJI TEPMOOOPAOOTKHU, UCXO/I U3 MUKPOCTPYKTYPHI cTaimu 45,
YBUJIEHHON B MUKPOCKOII.
4.2 B kononke Ne 4 — 3apucyiite MUKpOCTPYKTYpY cTaiu 45.
4.3 B xonoHke No5 — HanumuTe CTPYKTYpPHBIE COCTABIIAIONINE CTANN 45.
5. IloBTOpUTE BHIIIE ONHMCAHHBIE Ornepau ¢ MUKpouutudom cramu 20 u Y10 (. 2-4).

Tabmura 6 - MUKpOCTpYKTypa cramneit

HanmenoBanue u Bun MukpoctpyKrypa
Neri/n CtpyKkTypHBIE
MapKa CIUIaBa TEPMOOOPaOOTKH 3apucoBka cocTABIAIONIC
1 Cranb 45

2 Crans Y10

3 Crans 20

6. Ilo pesynbraTam paboTHI cenaiTe BHIBO/,.

7. OTBEThTE Ha KOHTPOJIbHBIE BOIIPOCHI:

1) [Touemy nocre 3aKajiKi MOBBIIIAETCS TBEPIOCTDH?

2) 3adyeM mociie 3aKaiKu JeIaT OTITYCK?

3) Ilouemy mocie LEMEHTALMH, 3aKAJIKA M HU3KOTO OTIyCKAa MOBEPXHOCTH JETAU CTAHOBUTCS
OuYeHb TBEPJIOM, a TBEPIOCTH CEPALIEBUHBI BO3PACTAET HE3HAUNUTEIHHO?

8. Cnaiite OTYET MPEnoaaBaTeio.

JlabopaTopnas paGora Ne 7

Tema: HccinenoBanue MUKPOCTPYKTYPbI UyTYHOB

Heab padoTbl: GopMUpOBaHHE YMEHUHN HCCIIEOBATh CTPYKTYPY Pa3IMUHBIX YYTYHOB C IOMOIIIbIO
71a00paTOPHOTO 0OOPYAOBAHHUSL.

Oo6opynoBanue: wmertauiorpadpuueckuii  Mukpockon «MHWM-7My», HaGop MuKpouLiudoB
pa3IMUHBIX YyT'YHOB, IJIaKaT «/{uarpamma cOCTOSIHUS CIUIABOB JKEJE30 - LIEMEHTUT.

3HAHMA (aKTyaIn3aIms):

- BUJIBI YyTYHOB;

- CTPYKTYpPBI U MEXaHUYECKHE CBOWCTBA YYT'YHOB Pa3IMYHBIX MAPOK.

yMEHHs:

- pa3nuyaTh CTPYKTYPbl UyTYHOB C OMOIIBI0 MUKPOCKOIIA.

TeopeTnyeckuii MaTepuaJl

B 3aBucumocTy oT XapakTepa CTPYKTYpbl pa3indaroT Oesblii, MOJOBUHYATHIN, CepbIi, KOBKUN U
BBICOKOTIPOYHBIN 4yTryH. B 6e70M uyryHe Bech yriepoj HaXOJUTCS B CBSI3aHHOM COCTOSIHUH, T.€. B
Bujie nieMenTuTa Fe;C. Takoit uyryH umeeT Oeblil H3710M, OY€Hb TBEPBIM, XPYIIKHM, TOATOMY HE
IPUMEHSAETCS JUIsl M3TOTOBJIEHUS JAETajedl MallluH, a MCIOJIb3YeTCs Ul OTJIMBKU JAeTale c
MOCJEAYIOIMM OTKUTOM Ha KOBKMH uyryH. Kpucrammsyerca no nuarpamme «Fe-Fe;Cy. benbiii
YyryH B 3aBUCHMOCTH OT COJEp)KaHUs yriepoaa OblBaeT aol3BTeKkTHueckum (ot 2,14 mo 4,3%
yraepoaa), sBrektudeckum (4,3% yriepona) u 3asprekruyeckuMm (ot 4,3 no 6,67% yriepona). B
CTPYKType 0Oenoro 4yryHa MpuCyTCTBYIOT MEPIIHT, JIEACOYPUT U IIEMEHTHT NEPBUYHBIH.
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[TonoBUHYATHINA YYT'YH COJEPKUT YIIIEPO] B CBI3aHHOM COCTOSIHUM (LIEMEHTHUT) U B CBOOOIHOM
(rpacut). CTpyKTYypa — MEepIuT, Je1eOypUT U TUTACTHHYATHIN rpaduT.

MexaHnuecKkue CBOMCTBA YyT'yHa OIPEEIIIOTCS CBOUCTB €r0 METAJUIMYECKONH OCHOBBI, a TAKXKe
KOJINYECTBOM, Pa3MEpPOM U XapaKTEepOM pacIipeiesieHus] B Heil TpagHuTOBBIX BKIIOUEeHUH. B cocTas
CEpBIX UyTYHOB BXOJAT ClIeytoLue 3neMeHThl: 2,9 — 3,6% yrnepona, 0,3 — 1,4% mapranna, 1,5 —
3,5% xpemuusi, 10 0,12% cepsi, 10 0,5% docdopa. Coneprkanne KpeMHUS U MapraHIla MEHSIIOTCS B
3aBUCUMOCTH OT MapKd M HazHauyeHus 4yryHa. CTpyKTypa METaJJIMYeCKOW OCHOBBI U XapakTep
pacrioyio’)keHust B HEH TpaduTOBBIX BKIIOYEHHH 3aBUCSAT OT COCTaBa, YCIOBUH OTJIMBKH U
nocienyomeil repmuyeckod 00paboTke uyryHa. Tak, MHOBBIIIEHHOE COJEpXKaHWE Maprasia
NpPEMSTCTBYET, a TIOBBIIICHHOE COJEpKAHWE KPEMHHUS CIIOCOOCTBYET BBIJIEICHUIO Tpadura.
MeieHHOE OXJIaXKICHHE YyTyHa CIIOCOOCTBYET, @ YCKOPEHHE MPENATCTBYET BbIIEICHUIO rpaduTa.
BBenenne HeOONMBIINX KOJWYECTB MarHusi, KPEMHHUS, CHIIMKOKAIBIHS B YyTyH Tepesa Pa3IuBKOM
(MomudunMpoBaHHEe YyTyHa) CIHOCOOCTBYET BBIICIACHUIO Tpaduta B TIOOYIIPHOW WU
MeJIKOIUIacCTUHYATO! (hopme.

KonngectBo, pasmep u ¢opma rpaduTOBBIX BKIIOUEHHH BBISBISETCS Ha HETPaBJICHHBIX
nungax npu yBenuueHuu B 100 pas. Ilpu TpaBiieHMM YyryHa BBISBISIETCSI €r0 MeTaIndyecKas
OCHOBA.

MHUKpPOCTPYKTypa Ceporo 4yryHa COCTOMT M3 BKJIIOUYCHHMH IUIACTHHYATOTO Tpadura u
HEepIUTHON, (peppuTO-NepIUTHON UM (GEPPUTHON METAIIIMYECKOM OCHOBBI, a Takke (GpochuaHou
HBTEKTHKE (TIPU MOBBIIICHHOM cojiepxkaHuu ¢ocopa B gyryHe). Cepble UyTyHBI HMEIOT XOPOIIHE
JUTEHHBIE CBOMCTBA, XOPOIIO OOpalaThIBAIOTCS pPE3aHUEM, H3HOCOCTOMKHE, HMMEIOT BBICOKHE
nemrdupyronpe crnocoOHOCTH (CBOMCTBO TacuTh BHOpanuio). VM3 HUX W3rOTaBIMBAIOT CTaHUHBI
pasIMYHOrO OOOpYZOBaHUs, KOJEHYAaTble M  paclpelesIUTeNIbHble Bajlbl TPaKTOPHBIX U
ABTOMOOWJIbHBIX JBUTATEIEN U JpyTrue JeTaiu.

KoBkuil 4yryH coctouT u3 rpadura XJONbEeBUAHON GOPMBI U NEPIUTHOM, NEPIUTO-PEepPUTHON
win (eppuTHONl MeTarmdeckoil ocHoBbl. KOBKHMIT uyryH Oojiee MIaCTUYEH IO CPAaBHEHHIO C
CephIM, HO €ro HHUKOrjga He KyioT. OTIMBKHM M3 KOBKOIO UyryHa MOJY4arOT U3 OTIUBOK O€JIoro
qyTryHa JTUTEIBHBIM OT)KUTOM, TIPH 3TOM MPOUCXOAUT pacraj EMEHTUTA C BbIICICHHEM IpaduTa
XJIONbeBUHOM (opMbl. M3 KOBKOrO 4YyryHa H3rOTaBJIMBAIOT JE€Tald BBICOKOH IPOYHOCTH,
CIIOCOOHBIE BOCIpPUHUMATh IOBTOPHO-TIEPEMEHHBbIE W YyAAapHbIE HArpy3ku M padoTarouie B
YCIOBMSX TMOBBIIIEHHOTO H3HOCA: KapTep 3aJHEro MOCTa, TOPMO3HbIE KOJIOAKH, CTYIHIBI,
HIECTEPHU U Jp.

BbIcOKOnpoYHBIN 4YyryH NOMy4a0T MOJU(PHUIMPOBAHUEM KHJIKOTO YyryHa MarHueM H
KpEMHHUEM Iepe]l 3aJIuBKON. B pesynpTaTe mosyyaroTcss MEJIKHUE BKIOUYEHUs TpaduTa apoBUAHON
dopmbl. IlapoBuaHblil Tpa@uT, UMEIOIUMH MHHHMAJIbHYIO MOBEPXHOCTh NPU JAHHOM O00BEME,
3HAYUTEIBHO MEHBIIE OCTa0IsIeT METAJUIMYECKYI0 OCHOBY YyTyHA, YeM IUIACTHHYATBHIA rpadur.
Merannuyeckass OCHOBAa BBICOKONPOYHBIX UYTYHOB — TIEpJIMTHAas, MepauTo-GpeppuTHas U
depputHas. UyryHsl ¢ mIapoOBHIHBIM I'paUTOM UMEIOT OoJiee BBICOKME MEXaHUYECKHE CBOMCTBA, B
YaCTHOCTH, MPOYHOCTb, 110 CPABHEHUIO C CEPhIMU YyTyHaMH, XOpPOIIME JINTEHHbIE CBOWCTBA,
00pabaTbIBaeMOCTh PE3aHUEM, CIIOCOOHOCTh T'aCUTh BUOPAIMH, BBICOKYIO HM3HOCOCTOHWKOCTH. M3
BBICOKONIPOYHOI'O 4YyTyHa HW3rOTaBJIMBAIOT JAETAIM MPOKATHBIX CTaHOB, KY3HEYHO-IPECCOBOTO
000py1I0BaHUs, TPAKTOPOB, AaBTOMOOMIIEH (KOJIEHBAJIBI, THJIB3bI IIMJIMHJIPOB, MOPIITHH).

3aganme: lVccrenoBaTh MHKPOCTPYKTYpY UYTYHOB C  TOMOIIBIO  METAIOrpadUuecKoro
MuKpockomna «MUM-7M».
Xox padoTsbl

1. YcraHoBUTE HA MPEIMETHBIA CTOJMK MUKPOULIU(} YyryHa Tak, YTOOBI IJIOCKOCTh nutuda Oblia
pacroyio’keHa NeprneHAUKYISIpHO K ONITHYECKO 0CH 00BbeKTa.

2. I'mans B OKyJIsip MUKpPOCKOIIA, ONPEAEINTE MUKPOCTPYKTYPY UyTyHa.

3. Ilo MUKpOCTpYKTYype (YBUAECHHON B OKYJISIp MUKPOCKOIIA) ONPEAEIUTE BU YyTr'yHa.
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4. 3anoHuUTe TAOIUILY 7:
4.1 B rpade Ne 2 — HanummTe BUI 9yTyHA.
4.2 B rpade Ne3 — 3apucyiiTe MUKPOCTPYKTYPY UyTyHa.
4.3 B rpade Ne 4 — HanuImuTe CTPYKTYPHBIE COCTABIISIOIINE.
4.4 B rpade Ne5 — nanmummmTe 001aCTh IPUMEHEHHS JAaHHOW MapKH YyTYHa.

Ta6muma 7 - MEUKpOCTPYKTypa uyyryHa

Nen/m | Bupn uyryna MukpocTpyKTypa
3apUCOBKH CTPYKTYPHBIE COCTaBJISIOIINE

1 2 3 4

5. Caenaiite BBEIBOI.

6. OTBEThTE Ha KOHTPOJIbHBIE BOIIPOCHI:
1. Yem (110 CTPYKTYpE) OTIANYAETCS] BEICOKOIPOYHBINA YYTYH OT KOBKOTO?
2. YeM (110 CTPYKTYype€) OTIMYAETCS BBICOKOIIPOUHBIN YyTYH OT CEPOro?
3. Yem (110 CTPYKTYpE) OTIMYAETCS CEPhIH YyT'YH OT KOBKOTO?

7. Cnaiite OT4eT MpernoaaBaTeio.

JlaGopaTtopnas paGora Ne 8

Tema: VccnenoBanne MUKPOCTPYKTYPBI IIBETHBIX METAJLIOB

Hesas padoThi: GOpMUPOBAHUE YMEHHI MCCIEAOBATh MUKPOCTPYKTYPY MPOMBIIIICHHBIX CIUIABOB
I[BETHBIX METAJIJIOB.

OGopynoBanue: meramiorpadudeckuii MUKpockon «MUM-7M», Mukponutabl

[[BETHBIX CIUIaBOB, CIIPABOYHHMK I10 [[BETHHIM METaJUIAM.

3HAHMA (aKTyaIn3aIms):

- MHKPOCTPYKTYpa MPOMBIIUICHHBIX CIUIABOB IIBETHBIX METAJLIIOB;

YMeHHusI:

- TI0JIB30BATHCA J1a00OPATOPHBIM 000PYI0OBAHUEM;

- OmpenensiTbh MHUKPOCTPYKTYPHI IIBETHBIX METALIOB C IOMOIIBI0 METauIorpaduuecKoro
Mukpockona «MUM-7M»,

TeopeTn'{ecm/lﬁ Marepuall

Haunbonee mmpoko pacnpocTpaHeHHBI [IBETHbIE CIUIaBbl HA OCHOBE MEJIY, aTFOMUHUS U OJIOBA.
Cnaaevl Ha ocHoge meOou — NATyHH (CIUIaB MEIM ¢ LMHKOM) M OpOH3BI (CIUIaBBI MEIU C JAPYTHMMHU
AIIEMEHTaMU: OJIOBOM, aJIFOMUHUEM, KpeMHHUeM, OepriiiieM U T.1.). OHH ObIBalOT AepopMuUpyembie
Y JIUTEUHBIE.

Jlatynu, copepxamue 10 39% uMHKa, ABISAIOTCA OJHO(A3HBIMU (CTPYKTypa COCTOMT U3 O-
¢a3pl). DT NaTyHU IJIACTUYHBI, XOPOIIO OOpalaTHIBAIOTCS JaBIEHHEM B TOpPSYEM COCTOSHUH,
KOPPO3HMOHHOCTOMKHE, UIMEIOT XOPOITue JTUTEHHbIe cBoMcTBa. JlaTyHu, comepskamue oT 39 mo 46%
IIUHKA, SBIISIOTCS ABYX(a3sHBIMH — UMEIOT CTPYKTypy o+f. B-¢aza xpynkas u TBEpnas, HosTOMy
nByX(a3Hble JaTyHH HMEIOT Oojiee BBICOKYIO MPOYHOCTh M MEHBIIYIO IUIACTUYHOCTH, YeM
onHOda3HEIE.
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MukpocTpyKTypa JTUTOH O-TaTYHH UMEET JCHAPUTHOE CTPOCHHE, a MHKPOCTPYKTypa
ne(OpMHUPOBAHHOW O-JTATYHH TIOCJIE XOJOAHON OOpabOTKM M PEKPHCTAILIM3AIMOHHOTO OTXKHTra
COCTOMT M3 3EPEH C ABOMHUKAMHU U OTIMYAETCS HU3KOH TBEPIOCTHIO U BHICOKON TIACTUYHOCTBIO.

MHUKpPOTPYKTYpa o+ B-1aTyHH COCTOUT M3 CBETIIBIX MOJIEH o-(ha3bl U TEMHBIX osel B-¢hazbl.
J171s1 TOBBINIEHUSI MEXaHUYECKUX CBOWCTB M XMMHUYECKOM CTOMKOCTH B JIATYHH BBOJIST JICTUPYIOLIHE
AJIEMEHTHI: ATFOMUHHI, HUKEJIb, MapraHel], KpEMHHUIA.

bponsbr 1O OCHOBHBIM JIETUPYIOIIUM 3JEMEHTaM TMOJPa3AesSIOT Ha OJOBSHHCTHIE,
CBUHIIOBUCTHIE, KDEMHHUCTHIE, OEPUILTUEBBIC  T.JI.

MukpocTpyKTypa JIuToi onoBsHucToM OpoH3sl (10% Sn) cocToUT U3 TEMHBIX IEHAPUTOB O
TBEPAOIrO pacTBOpa 0JIOBA B M€, OOraThlX MENbI0, U CBETJBIX JAECHIPUTOB, OOTraThiX OJOBOM U
comepxarmiie 3BTekToua o+CusSng. JIByxdasnas amomuaueBas Oponza bpAl0 Hapsgy c
KpHUCTaITIaMH 0-(a3bl IMEET B CTPYKTYPE IBTEKTOUIHYIO COCTABISIONIYI0 O. Takue GpoH3BI MOTYT
nojBeprarbes 3akanke. Eciam ux Harpeth a0 B-as3sl u 3aTeM oxiaauTh B BOJAE, TO OOpaszyercs
UToJIbYaTasi CTPYKTypa, MoA00Hast CTPYKTYpe MapTeHCHUTA.

Cnnasvl Ha ocHoge aniomMunus 00JamaroT Majod IIIOTHOCTBIO, OBIBAIOT JIMTEHHBIE H
negopmupyemsbie. [ MOTydeHUs] MPOYHBIX CIUIABOB HX JICTUPYIOT PAa3IMYHBIMH DJIEMEHTAMH B
KOJIMYECTBaX, CIIOCOOCTBYIOMINX 00pa3oBaHuI0 AByX(a3Hoi CTpyKTypsl. Jdropamomunsl (11, J116)
— nedopMupyemble CIUIaBbl ATIOMHUHUS C MEIbI0, MarHueM M MapraHmeM. J[ns ympodHeHHs ux
MOJIBEPTalOT 3aKajKe U E€CTECTBEHHOMY CTapeHuto. MukpocTtpykTypa cruiaBa [[1 mocie Takoit
TEPMOOOPAOOTKHA COCTOUT W3 TBEPJOTO PACTBOPAa M BBICOKOAUCIIEPCHBIX BKIOYeHHM CuAl, u
ALlLMgCu, pacnionararmuxcs Mo TpaHUIlaM | BHYTpH 3EpEH.

Hambonee pacnpocTpaHEHHBIMU JIMTEHHBIMA ~ ATIOMHHUEBBIMH  CIUIAaBAMH  SIBIISTFOTCS
CHUJIYMHHBI — CIUTaBBI aFOMUHUS U KpeMHus (AJI2, AJ19). JIns moBBIIICHHS] MEXaHHYECKUX CBOMCTB
CHIIyMHHBI MOIU(HUIMPYIOT, BBOAS B pacmuaB cmech comed NaF um NaCl. Crpykrypa
HeMOIU(UIIMPOBAHHOTO cuiiyMuHa AJI2 cocToUT M3 0-TBEPIOTO pacTBOpa KPEMHUS B aTIOMHUHUHU
(ocHOBHOW cBeTIbId (POH) M IBTEKTHKH 0+Si (TEMHBIE Y4acTKH) TpyOOro CTPOEHUS, B KOTOPOM
KPEMHUI HaXOAUTCSA B BUAE KPYMHBIX Wri. HemonuduuupoBaHHbIN CHIIyMUH 00da/laeT WH3KHUMHU
MeXaHW4YecKUMHU cBoicTBaMu. CTpyKTypa MOAU(PUIMPOBAHHOTO cuiyMuHa AJI2 menko3epHucTas
Y COCTOWT U3 MEPBUYHBIX JEHAPUTOB O-TBEPIOTO pacTBOpa (CBETIbIN (HOH) U MeIKOH (AuCcTIepCHOMN)
IBTEKTHKE 0-+Si (TEMHBIN (OH).

Cnnasvel Ha ocHoBe on08a U céuHya — 0aOOWTBI TIPUMEHSIOTCS B  KauyecTBE
AHTU(QPUKIMOHHBIX (MOAIIMIHUKOBBIX). CTpyKTypa TakUX CIUIaBOB COCTOUT M3 BSI3KOH,
TUTACTUYHON OCHOBBI U TBEPABIX (OMOPHBIX) BKIHOYeHM. CTpyKTypa oyoBsiHUCTOro 0abouta b83
COCTOMT M3 TBEPJIOTO O-pacTBOpa CYpbMBI B OJIOBE (BSI3Kas COCTABIIAIOIIAs), CBETJIBIX KPYIHBIX
KPUCTAJUIOB MPSIMOYTOJBHOM (OpMBI U TpeyroibHOil (opmbel SnSb U MeNKUX KPUCTAIIIOB,
coenuHeHust CuszSn (TBEpAbIE OMOPHBIE BKIIOUYEHNUS).

3aganue: MccnenoBaTe MUKPOCTPYKTYPY MPOMBINIICHHBIX CIUIABOB IIBETHBIX METAIIJIOB C
MOMOIIbIO MeTaluTorpadudeckoro Mukpockona « MUM-7M».

Xoa pa6oTsl

1. YcraHoBuTe Ha TpPEIMETHBIH CTONMK MHKpPONILIMG CIUlaBa IIBETHOIO MeTajlla TakK, 4TOObI
TUIOCKOCTH NUTH(a ObUIa pacnookKeHa NepHeHINKYIIPHO K ONTHYECKOM 0CH 00BEKTA.
2. I'nsans B OKyJIsip MUKPOCKOIIA, OTPEAeIUTe MUKPOCTPYKTYPY CILIaBa I[BETHOIO MeTaJla.
3. Ilo mMukpocTpykType (YBUIECHHON B OKYJSIp MUKPOCKOIA) OMNPENEIUTe BUJ CIUIaBa LIBETHOTO
MeTaa.
4. 3anonHuTe TabmUILy 8:

4.1 B rpade Ne 2 — HanumwTe BUJ CIIaBa IIBETHOTO METAILIA.

4.2 B rpace Ne3 — 3apucyiiTe MUKpOCTPYKTYpY CIUIaBa IIBETHOTO METaJlIA.

4.3 B rpade Ne 4 — HanumuTe CTPYKTYPHBIE COCTABJISIONINE.
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Tabnuma 8 - MUKpOCTpYKTypa cIijiaBa I[BETHOTO MeTaja

Neni/m | Bug cIIjI1aBa MuKpOCTpYKTYpa
LBETHOI'O 3apHUCOBKHU CTPYKTYPHBIE COCTABIIAIOIINE
MeTajlIa
1 2 3 4

5. Cnenaiite BBIBO.

6. OTBEThTE HA KOHTPOJIbHBIE BOIIPOCHI:

1) I3 9ero cocTOUT MUKPOCTPYKTYypa cuiayMmuna AJI2?

2) U3 4ero cocTouT MUKPOCTPYKTYpa aropamtomuHa J[1?

3) U3 vero coctouT MUKpOCTpyKTYypa JatyHu JI90?

4) U3 yero cocToUT MUKPOCTPYKTypa Opon3sl coctaBa 10% Sn?
7. CnaiiTe OT4ET IIPENOAABATEIIO.

JlaGopaTtopnas padora Ne9

Tema: HccnenoBanue MUKPOCTPYKTYPBI U CBOMCTB JIETUPOBAHHBIX CTaJIeH

Heas pabGorbl: ¢QopMupoBaHue yMEHHH HCCIEIOBaTh MHKPOCTPYKTYpY M CBOMCTBa
JIETUPOBAHHBIX CTalel HA MUKPOCKOIIE.

O0opynoBanue: Metayutorpadueckuii Mukpockon «MUM-7M», HabOp MUKpOLILIU-

¢$oB cTanei, MApOYHHK CTAJICH.

3HAHMA (aKTyau3ams):

-  MHKPOCTPYKTypa M CBOMCTBA JIETHPOBAHHBIX CTAJICH;

YMEHHs:

- TIOJIL30BATHCS JIAOOPATOPHBIM 00OPYAOBAHHUEM;

- pa3nuyaTth CTPYKTYpPbl U CBOMCTBA Pa3INYHbIX JIETUPOBAHHBIX CTaIeH

Teopernyeckuii MaTepuaJl

Jlecuposannvimy HA3bIBAIOT CTalIM, COJEpXKAllUe HapsALy C YIJIEpoJOM pa3iHyHbIe
3JIEMEHTHI (KaK MPaBUIIO, METAJUIbI), BBOJMMBIE JJIs OIy4YeHUs TpeOyeMbIX cBOMCTB. Jlerupytomue
AJIEMEHTHI B3aWMOJICUCTBYIOT B CTalld C KEJIE€30M M YIJIEPOJIOM, BIMSIIOT Ha paclajl ayCTeHHUTa U
MapTEHCUTHOE MpeBpameHrue. OHU MOTYT PAacTBOPSTHCS B METAUNIMYECKOW OCHOBE CTalld, TEM
caMbIM YIpOYHSs €€, MU3MEHSITb WHTEPBaJbl TEMIEpaTyp YCTOWYMBOIO COCTOSHUS (eppUTa U
ayCTEHMTA, TO 0OYCIIOBJIEHO BIMSIHUEM JIETHPYIOLIUX 3JIEMEHTOB Ha MOJIMMOP(U3M Kejesa.

Jlerupyromue 3JI€MEHThl CHHXKAIOT KPUTHUYECKYIO CKOpPOCTb 3aKajKd, 4YTO IO3BOJIET
IIOJIy4YUTh CTPYKTYpPY MapTEHCUTa JaXe IpHU OXJaKIeHUMM Ha Bosayxe. llo crpykrype B
OTOXOKEHHOM COCTOSIHUM JIETUPOBAHHBIE CTAM JEIAT HA KJIACChI: MEPIUTHBIA (103BTEKTOUIHBIE,
OBTEKTOMJIHBIE M  3a3BTEKTOMJHBIE  CTaiM), (EpPpUTHBIM, AayCTCHUTHBIH,  KapOWIHBIH
(JlemeOypUTHBIN), 1O CTPYKTYpPE B HOPMAIM30BAHHOM COCTOSIHUM — TEPJIUTHBINA, MAapTCHCUTHBINU,
ayCTCHUTHBIN.

K neprumnomy  kmaccy  OTHOCATCS ~ KOHCTPYKLUMOHHBbIE U UHCTPYMEHTAaJbHbIE
HU3KOJIETUpOBaHHbIE cTany, Harpumep 45X, 38XC, 9XC u ap.

K mapmencumnomy xnaccy — cpegnenernpopanubie cranu — 18X2H4MA, 40X13 u ap.

K aycmenummnomy knaccy — ctaimu ¢ BbICOKUM conepxkanueM Ni, Mn — 12X18HIT u ap.
Takue cranu KOppO3MOHHOCTOMKHUE U KaPOIPOYHBIE.
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Kapbuonvie (neneGypuTHbIE) — OTO HWHCTPYMEHTAJIbHBIE CTallM, COJEpKaT OoJbIIoe
KOJIMYECTBO yIiiepoJia M KapOou1000pa3yomux JIEMEHTOB, B CTPYKType IPUCYTCTBYIOT NIEPBUYHbIC
KapOusl (0TCIOa ¥ Ha3BaHKE Kiacca) — P18, POMS, X12M u np.

K ¢eppumnomy xnaccy oTHocsTCs cTanmu ¢ 6oabmuM coaepkanuem Cr, Si v Ap. 3J€MEHTOB,
Cy’KalolluxX 00J1acTh CYIIECTBOBAaHHUS ayCTeHUTA, Hanpumep, ctanu 12X17, 15X28.

3apanme. HccnenoBaTh  MHUKPOCTPYKTYPY — JIETMPOBAaHHBIX — CTaJled C  HOMOIIBIO
MeTayorpaduaeckoro Mukpockomna «MUM-7My.

Xoa pa6oTsl

1. YcraHoBuTe Ha MPEIMETHBIN CTOJIMK MHUKPONILIN( CTaJM TakK, 4TOOBI TUIOCKOCTh ILIH(da Oblia
pacrioyio’keHa NnepreHAUKyYJISIPHO K ONITHYECKO OCH 00BEeKTa.
2. I'nsans B OKyJIsip MUKPOCKOTIA, OTIPEAEIUTE MUKPOCTPYKTYPY CTajIH.
3. Ilo mukpocTpykType (YBUIEHHOM B OKYJISp MMKPOCKONA) ONPENECIINTE CTPYKTYPHBIM Kiacc
CTaJIH.
4. 3anonHuTte Tadbmuiry 9:

4.1 B rpade Ne 3 HanummuTe XUMUYECKANA COCTaB CTaJIM, HCXOMS U3 €r0 MapKHUPOBKH.

4.2 B rpace Ne4 3apucyiite MUKPOCTPYKTYPY CTaJIH.

4.3 B rpade Ne 5 HanmumuTe CTPYKTYPHBIN KJ1acC CTaJIH.

4.4. B rpape Ne 6 ykaxuTe OCHOBHBIE CBOMCTBAa CTalM OIPENEICHHOTO Kjacca, BBIICITUB
XapakTepHbIe 0COOCHHOCTH

Ta6mmia 9 - MUKpOCTpyKTypa cTanu

Mapka TepmooGpaboTka XI/IMI/I‘ICCI;I/II‘/’I Mukpoctpy | CTpyKTypHBIH OCHS)BHBIC
cTajIun cocrtas, % KTypa KJIACC CTaJIu CBOMCTBA
1 2 3 4 5 6
45X Hopmaimsanus
45X 3akajnka ¢ BBICOKUM
OTITYCKOM
P18 KoBka u omkur
P18 3akanka u
TPEXKPaTHBIN
OTIYCK

12X18HOT | 3akanka B Bojie Ipu
t=1110°C-1150
°C

40X13 3akaika B Macie
WJIM Ha BO3yXe MpHU
t=1000 °C - 1050

°C

12X17 3akanka B BOJie IIpH
t=1100°C-1150
°C

5. Cnenaiite BBIBOJ.

6. OTBeThTE Ha KOHTPOJIbHBIE BOIIPOCHI:

1) 17151 yero U3roTaBiIMBaIOT JETUPOBAHUE CTATIH?

2) Kakyto cTpyKTypy JOKHBI UMETh KOPPO3UOHHOCTOMKHUE CTAIU?
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4) Jlnst yero OBICTPOPEXKYIIHUE CTAIHM JOJDKHBI UMETh BBICOKYIO TBEpAOCTh? Kakum oOpa3zom oHa
nocturaercs?
7. CnaiiTe OTYET IIpenoaaBaTelo.

I[MpakTuyeckoe 3anaTue Nel
Tema: [locTpoeHne KPUBbBIX OXJIAKICHHS KeJ1e30yIIePOAMCTHIX CIIABOB

Heas paGorbl: @opMHUpOBaHHE YMEHUN CTPOUTH KPUBBIC OXJIAKIACHHS >KEIE30yTIIEPOIUCTHIX
CILJIaBOB

3HAHMSA (aKTyan3aius):

- TIPUHIMIBI TIOCTPOECHUS KPUBBIX OXJIAXKACHUS JKEJIE30yTJIEPOIUCTHIX CIJIABOB

- BHJbI UAarpaMM KeJI€30yTIEPOIUCTHIX CILIABOB;

YMEHHUA:

- CTPOUTH KPUBBIE OXJIAXKIECHUS JKEJI€30yTIEPOJAUCTHIX CILUIABOB;

- YATATh JUArPAMMBI KEJI€30yTIEPOAUCTHIX CILIABOB.

Teopernuecknii MmaTepuaJ

B 103BTEKTOUIHON CTaJIM NMPU OXJIAKACHUN IPOUCXOAT CIAEAYIOIINE MPEBPALLEHUS: 10
TOYKU t, HAYMHAETCS MEpPBUYHAS KPUCTAJUIM3AlMs: W3 JKUJKOTO CIUIaBa BBIJCISIIOTCS
KpucTauibl aycteHuTa. lIpouecc kpucTamam3auuu NpoAOSIKAETCS OO TOYKU t,, IPU 3TOM
CKOPOCTh OXJIQXKJICHMsSI 3aMEJUISIeTCs, T.K. BBIJIESETCS TEIJIoTa KpucTaum3anuu. Kpusas
OXJIAKJICHUS CTAaHOBUTCS Oosee monoroil. B unrepBane temmneparyp ot t. 10 Ars (muaus GS)
MPEBpAICHU B CIUIaBE HE TMPOUCXOIHT, IMOITOMY OH OXJIaXKIAeTcs ObICTpee, W KpUBas
CTAHOBUTCS Kpyue. B Touke Ar; HauMHaAeTCs BTOPUYHAS KPUCTAJUIM3ALUsA: U3 ayCTECHUTA
BBIJIEIAIOTCS KpUcTaiwiel (epputa. Ilpomecc BeaeneHuss (epputa MpOAOIDKACTCS 10
temriepatypbl 727°C - Touka Ar;. B aTom wmHTepBane temmeparyp (ot Ars A0 T. Ary)
CKOPOCTh OXJIQXACHHUS 3aMEIUISIeTCs, MMOTOMY YTO BBIJIEISETCS TEIUIOTa KPUCTAILIU3AINU
beppuTa, ¥ KpuBas OXJIKICHHUS CTAaHOBUTCS OoJiee MOJIOToil.

B Touke Ar, ocraBmuiics ayCTEHUT NPUOOPETAET H3BTEKTOMIAHYIO KOHIICHTPAILIUIO
yriepona — 0,8% u npu MOCTOSIHHOW TeMIlepaType npeBpamiaercss B nepauT. Ha kpusoit
OXJIXKJEHHUS 00pa3yeTcsi TOPU30HTAIbHBIN yUaCTOK — IUIOIIAIKA.

[Ipn nanpHEHIIEM OXJAXKICHUM NPEBPALICHUS HE NPOUCXOIAT, CTallb OXJIAXKIACTCs
OBICTPO, KpHUBasi OXJIAKJCHUSI CTAHOBUTCS Kpyde. JI03BTEKTOMHAS CTalb HIKE TOUYKU AT
COCTOMT M3 MepiuTa u GpeppuTa.

AHAJIOTUYHO CTPOSITCS KPUBBIC OXJIAXKIACHUS IBTEKTOMTHON M 3a3BTEKTOMIHOM CTaseH.

B 3a3BTEKTHYECKOM YyTyHE MPOUCXOMAST CIEAYIOIINE PEBPAILCHHS: 10 TOUKH t, CILJIaB
HAXOJIUTCS B KHUJKOM COCTOSIHUU. B Touke t, HAauMHAeTCs NMEepBUYHAS KPUCTAIUIM3AIMUS: U3
JKUJKOTO  CIIaBa  BBIACISIIOTCS ~ KpUCTaulbl  LeMeHTuTa nepBuyHoro. IIponecc
KPUCTAJUIM3ALMN TPOJODKAETCS 10 TOYKU te, CKOPOCTh OXJAXKJEHUS 3aMelyIsieTcs, T.K.
BBIJICJISIETCS TEIJIOTA KPUCTAJUIM3ALUU, KPUBasl OXJIAXICHHsI CTAaHOBUTCA MOJIOroW. B Touke
t. OCTaBIIAsACs >KUJIKAsl 4acTh CIIaBa MPHOOPETAeT IBTEKTUYECKYIO KOHIEeHTpaiuio (4.3%
yrieposia) U mpu TmoctossHHON Temriepatype (1147°C) mpeBpamiaercss B neneOyput. Ha
KPUBOU OXJIQXJICHHS 00pa3yeTcsi TOPU30HTAIbHBINA yd4acToK. B untepBane temneparyp t. u
Ar, mpoucxoaut ObicTpoe oxnaxnaeHue. [lpu Temmneparype Ar; ayCTEHUT, BXOJISIIMHA B
cocTaB jeneOypuTa, MpeBpamiacTcss B MEPJIHT, MOATOMY Ha KPHUBOM OXJIAKJEHUS BHOBH
MOSIBIISIETCS TOPU3OHTAJIBHBIA y4yacTOK. Huke Toukm Ar, mpeBpanieHMd B CIUIaBE HE
MPOUCXOANUT, TOITOMY KpHUBas OXJAXJACHHS CTaHOBHUTCS Kkpyude. Hmke Toukum Ar,
3a9BTEKTUYECKUI UyT'YH COCTOUT U3 JieAe0ypuTa (MEepIUTHOTO) U IIEMEHTUTA IEPBUYHOTO.
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AHAJIOTMYHO CTpOSITCS KPHUBBIE OXJAXKICHHUS IS HBTEKTUYECKOTO M JTOIBTEKTHUYECKOTO
YyT'yHOB.

3apanme: [locTpouTh KpuBBIE OXJIAXKIACHUS CIIABOB CO CJICIYIOLIUM COJCpPKAHUEM
yriepona: 0,4%; 0,8%; 1,2%; 3,2; 4,3; 5,0%.

Xoxa padoTsl

Hauepture nuarpammy Fe-Fe;C (Ilpunoxenne A).
O003HaubTe HAa AUArpaMMe KPUTUYECKHE TOUKH.
3. Hauepture 6 rpadukoB, B KOOpUHATAX: BpeMsl OXJIaXACHUS — TeMIIepaTypa JUis
MOCTPOEHUS KPUBBIX OXJIAXKICHHUS.
4. TlocTpoiiTe KpUBYIO OXJIAKIEHUS JUIs CIUIaBa C COAEp:KaHueM yriepoaa paBHbM 0,4%:
4.1 OTMeTbTe Ha TUArpaMMe TOUYKY KOHIICHTpallUU yriiepoaa, pasuyto 0,4%.
4.2 TlpoBeauTte yepe3 OTMEUEHHYIO TOUKY MEepIEHAUKYIISP.
4.3 O603HaYbTE TOUKH MEPECEUECHUS ITOTO MEPIEHIUKYIISIpa C JIMHUAMU AUArpaMMBbl.
4.4 TlepenecuTe 3T TOYKU HA MEPBLII rpaduK B KOOPAMHATAX: BPEMSI OXJIAXKICHUS —
TeMIeparypa.
4.5 IlponymepyiiTe epeHeceHHbIE TOUKH.
4.6 CoeMHUTE TIEPEHECEHHBIC TOYKH IJTABHBIMU JTUHUSIMU.
5. Ioctpoiite KpuBbIe OXJAXAEHUS Ui CIUIABOB C CoOJep)KaHHWeM yrieponaa paBHbIM: 0,8%;
1,2%; 3,2; 4,3; 5,0% (11.4), TOBTOPHUB BBIIIE OMUCAHHBIC IEHCTBHUS.
6. CnenaiiTe BBIBOJI 11O BBITIOJIHEHHOW paboTe.
7. OTBEThTE Ha KOHTPOJIbHBIE BOIPOCHI.
8. OpopMuTe OTUET U CAANTE MPETOaBATEIIO.
KoHTpoiibHBIE BOIIPCHI:
1) Yto ob11ero Mex1y SBTEKTUYECKUM U IBTEKTOUTHBIM CILIaBOM?
2) [Touemy Ha OTAENBHBIX YYaCTKAX HAKIOH KPUBBIX OXJIAXKIEHHS 00Jiee MOJIOTHii?
3) UeM oOBsiICHSETCS] HATUYKME TOPU3OHTATIBHBIX TUIOMIAJI0K Ha KPUBBIX OXJIAXKICHUS

N —

IpakTnyeckoe 3ansaTue Ne2

Tema: Bei6op pexxrma 3aKanku cTaJbHOU JeTanu

Hean padoTel: HOpMUPOBAHUE YMEHHIA BEIOMPATH PEKUM 3aKATKH CTALHOU JIETaIN
3HAHMSA (aKTyaTn3arus):

- BHBI 3aKaJIKU CTaJICii;

- PpEeXHUMBI 3aKaJIKH;

- METOJMKa MOCTPOeHUs rpaduka TepMoodpadboTKH

yMeHHus:

- HA3HA4yaTh 3aKaJIKy CTAJICH;

- CTpOUTH TpaduK TEPMOOOPAOOTKH.

TeopeTnuecknii MarepuaJ
Temmnepatypa 3akaiku onpesensercs mo Gpopmyre:
T3ak = Ac3 + 30...50°C — anst TOPBTEKTOUIHBIX CTaJIEH,
Tzak = Acl + 30...50°C — g5 3a9BTEKTOMIHBIX CTAJCH.
Bpemst HarpeBa jeranu moj 3aKajiky 3aBUCHUT OT HarpeBarolleil CIIOCOOHOCTH CPeIbl, pa3MEpoB U
(dbopMBI leTalielt, OT UX YKJIAJIKH B IIEYU U ONpeesercs mo Gopmyre:
T = O,D1K1K2K3,MI/IH. (1) ,
rae D1 — MmuHMManbeHbIN pazmep (MUHUMAaJIbHAS TOJIIIMHA), MM
K1 — koaddunment cpeast (st raza — 2, 11 conu-1, pist metama — 0,5),

25



K2 — xoaddumment dbopmsl (s mapa — 1, st mumHapa — 2, Uil napajvienenunena - 2,5, s
IUTACTUHBI - 4),

K3 — ko3 uirienT paBHOMEpHOCTH HarpeBa (BCECTOPOHHMIA HArpeB — 1, OTHOCTOPOHHHI HArpeB -
4).

Bce »To otHOcuTCs K Temmepatype HarpeBa 800-900°C, ecnu temmeparypa OOJbIIE, TO BpeMs
HarpeBa MeHbIlIe, © HA00OPOT, YeM MEHbBIIE TeMIlepaTypa, TeM MeaJieHHee HarpeB. Jleramu u3
YTIAEPOAUCTHIX KOHCTPYKIIMOHHBIX CTajell 3aKalMBaloT B BOJE, YIIIEPOIUCTHIX HHCTPYMEHTAIBHBIX
—4epe3 BOJY B Maciio, JIETMPOBAHHBIX — B MaclIe.

3aganue: HazHauuTh pexuM 3aKaiku JAeTainu (MapKa CTajau U pa3Mepbl JeTalu MOJIY4YUTh Y
npenoaasarens). [Ipu pabore ucnonszoBath auarpamMmmy Fe-Fe;C u MmapodHuK cTaseil u CriaBoB.

Xox padoTsl

1. Jns 3agaHHOM MapKu cTaiu onpenenauTs temnepatypy Ac3 no auarpamme Fe-FesC u mo
MapOYHHUKY.

Paccunrare Temnepatypy 3aKajKy U CPAaBHUTE €€ CO CIPABOUYHBIMH JIAHHBIMHU.

Omnpenenuts BpeMsi HarpeBa Mo/ 3aKajJKy ¥ OXJIAXK/IAIOLIyI0 Cpeay.

[Toctpouts rpaduk 3aKaiKky B KOOPAUHATAX «TEMIIepaTypa - BpeMs».

[To pe3ynbpTaTtam paboTHI ClleNaTh BBIBOJ O MIPO/ICTaHHON padoTe.

OdopMuUTh OTUET U cHaliTe MpernoaBaTeio.

ISARRANE

IIpakTHyeckas padora Ne3

Tema: Boi0op pexxrMa oTIycKa 3aKaJIeHHOM J1eTalli B 3aBUCUMOCTH OT TpeOyeMoil TBepAOCTH
Heas padorbl: DopMHUpOBaHME yMEHHUIl Ha3HauaThb PEKUM OTIyCKa 3aKaJCHHOM JeTanu B
3aBHCUMOCTH OT TpeOyeMOil TBEpIOCTH, Ha3HAYATh BPEMs OTITYCKa U CPETY OXJIAKICHHUS.

3HAHMSA (aKTyaIn3arms):

- BH[BI OTITYCKa;

- PEXUMBI OTITYCKa;

- METOJMKa IMOCTPOeHUs rpaduka oTIycKka;

yYMeHHUS:

- Ha3HayaTh OTITyCK CTaJlu;

- CTPOMTH IpaduK OTIYyCKA.

TeopeTnuecknii MaTepuaJ

OTnyck - 3aKiIrOYMTeNbHAs Omepanus TepMOOOPaOOTKH CTalmH, KOTOpas 3aKIivaeTcs B
HarpeBe HWXE TeMIlepaTypbl nepiautHoro mnpeBpamieHus (727°C), BbIAEpKKE M TOCISTYIOIIEM
oxnaxnaenun. [Ipu otmycke ¢GopmMupyeTcss OKOHYaTelbHas CTpyKTypa cranu. Llemb ormycka —
MOJTyYeHHUE 33JJaHHOTO KOMILJIEKCAa MEXaHWYECKUX CBOMCTB M MOJHOE WJIM YACTHMYHOE 3aKaTOYHBIX
HanpspkeHui. BbIOOp TBepmocTH AeTald TOCie 3aKajJKd U OTIYCKa OIPENeNseTcsl YCIOBUSIMHU
paboThl ATOM AETaaM U 3aBUCHUT OT TEMIEpaTyphbl OTIyCKa: YeM BBILIE TeMIlepaTypa, TeM CHIIbHEe
CHIDKAETCS TBEPJAOCTb. JTO CBS3aHO C pACMagoM MapTEHCUTa U OOpa30BaHHEM PA3IUYHBIX
(beppHUTHO-KapOUIHBIX CMECEH — TPOOCTUTA OTITYCKa U COpOUTA OTITyCKA.

Bunae! otycka:

1. Hwuskuit otnyck — Temneparypa 150-220°C — nenaroT s pexylIero U U3MEPUTEIBLHOIO
MHCTPYMEHTA U3 YIJIEPOJUCTBIX U JITUPOBAHHBIX CTaJCH, a TAKXKE MAIIUHOCTPOUTEIBHBIX
JeTanel, KOTOphle JOJDKHBI 00JIalaTh BBICOKOH TBEPIAOCTHIO U H3HOCOCTOMKOCTBIO.
MUKpOCTpYKTypa CTaJId MOCJE TAKOTO OTITyCKa — OTMYIEHHBII MapTEHCHT.
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2.

Cpennuii otnyck — temmneparypa350-450°C — obecrieunBaeT BBICOKHIA Mpeen MPOYHOCTH,
YOPYTOCTH ¥ BBIHOCIMBOCTH, XOPOIIYI0 CONPOTHUBISEMOCTh YJApHBIM HArpy3Kam.
[IpumensieTrcs nans  TPYXKUH, pPeccop H HUHCTPYMEHTa, KOTOPBIM JOKEH HMETh
3HAUUTENbHYI0O MPOYHOCTh MPH JOCTATOYHOW BS3KOCTH. MUKpPOCTPYKTypa CTal IOCIE
CPEIIHEro OTITyCKa — TPOOCTUT OTITyCKa.

Bricokuii otiiyck — temmneparypa450-650°C, MUKpOCTPYKTYpa — COPOUT OTITyCKa. 3aKaika ¢
BBICOKHM OTITyCKOM Ha3bIBaeTCA YJIYYIICHHWEM, a CTalld, IMOJABEpraeMble YIyUIICHHIO —
yiIy4yiraeMbIMH. JleTanu w3 Takux cTajeil mociie 3aKaJKd U BBICOKOTO OTITyCKa HMEIOT
ONTHUMAaJbHOE COYETAHHE MPOYHOCTH M IUIACTUYHOCTH, YTO TO3BOJSET MPUMEHSTh HUX B
YCJIOBHSIX BO3JCHCTBUSI BBHICOKMX HANPSDKCHUM M yJapHBIX HArpy30K. DTO OCHOBHOM BHJ
TepMOOOPaOOTKU KOHCTPYKIIMOHHBIX CTaJeH.

OTnyck JIETMpOBaHHBIX CTaleld MpOBOJAT IIpu Oosiee BBICOKMX TeMIlepaTypax, CeM
YTIAEPOAMUCTBIX, UYTOOBI yCKOPUTH IU(GY3UI0 JIETHPYIONIMX 3JIEeMEHTOB. Bce nerupytoiue
AJIEMEHTBI, OCOOEHHO XPOM, MOJMO/IEH, KPEMHHUM 3aTPyAHSIOT MPOIECC pacnaaa MapTEeHCUTa MpU
HarpeBe, TeM CaMbIM TEMIIEPaTypy OTITyCKa.

3apnanne: HasHaunuTh peXuUM OTMyCKa 3aKAJICHHOW JeTanu (HEOOXOIUMBIC JTaHHBIC IS

paboTHI TT0 CBOEMY BapHaHTY IMOJYYHTh y TpernoaaBarens). [Ipu pabore UCHOIB30BaTh MapOYHUK
CTaJieil U CIJIaBOB.

[am—

9]

Xoa padoTsbl

3agannyto TBepAocTh B enqunuiiax HRCs nepeectu B uncna tBepaoctu HB.

ITo MapoYHUKy HAalTH TEMIIEpaTypy OTITyCKa JUIsl JAaHHOW MapKu crainu T TBepaoctd HB.
PaccuntaTe BpeMmsi OTHyCKa, ONPEACIUTh OXJIAKIAIOIIYI Cpeay, MCXOJsi W3 pPa3MepoB
oOpas3ia 1 MapKy CTaJIu.

[TocTpouTs rpaduk OTHyCcKa B KOOPIAUHATAX «TEMIIEpaTypa - BpEeMs».

1o pe3ynbraraMm paboOTHI C/I€NIaTh BHIBOJI.

OdopMuTh OTUET U CAATH MPETIOAaBATEIIO.

IpakTuyeckoe 3anaTue Ned

Tema: Bo16op peskuma TepM0O0OpPadOTKH YYT'YHHOH OTJIMBKH

Lear paGorbl: (opMHpPOBaHHMEe YMEHHIl BbIOMPATH peXHUM TepMOOOPa0OTKH YYTI'YHHOM
OTJIMBKHU

3HAHMS (aKTyaJIn3aIus):

BUJIBI TEPMOOOPAOOTKH JJII IYYyTYHHOU OTJIMBKHY;

PEKUMBI TEPMOOOPAOOTKH YYTYHHON OTIIMBKH;

METOJIUKa MOCTPOCHUs rpaduka TepMUIeckoil 00paboTKy;
YMeHHUSI:

- Ha3HAYaTh TEPMUIECKYIO 00pa0bOTKY Il YyTYHHOUW OTJIMBKHY;
- CTpOUTH TpadHK TEPMHUIECKON 00pabOTKH

TeopeTnuecknii MaTepuaJ
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[Tocne nUThS YyryHHBIE OTJIMBKH OOBIYHO MOJIBEPralOT OTKUTY. Bun omTxura ompeznensercs
MHUKPOCTPYKTYPOH YyryHa: e€cii B HEH HeT CBOOOJHOTO IIEMEHTHTAa WM OH COJACPKUTCS B
KOJIMYECTBE, JOMYCKAaeMbIMH TEXHUYECKMMHU YCIOBUSIMH Ha JaHHBIA YYryH, TO JI€laroT
HU3KOTEMIIEPATYPHBIN OTXKHUT C IEJIbI0 CHATHSI BHYTPEHHUX HAIPSKCHUN, BO3HUKIINX B PE3yJIbTATEe
3aTBepAeBaHMs OTIMBKHU. Temreparypa Takoro omkura — 550-650°C, HarpeB BeyT MEIJIEHHO, CO
ckopocTbio He 6osee 100°C B vac. [IpogomKuTENbHOCTh OTHKUTA 3aBUCUT OT Pa3MEPOB OTIMBKHU U
cocTaBisieT OoT 3-X 10 7 yacoB. OXJaxkIeHHE OTIMBOK MOCIE OTXKUTA MPOBOJUTCS C MEYbIO CO
ckopocThio He 6osee 50°C B yac ¢ 1eNbI0 MPEeIOTBPALCHUS BOSHUKHOBEHHUSI HOBBIX HAIIPSDKEHHIA B
oTnuBKax. Hanuune B MUKPOCTPYKTYype CBOOOJHOTO, TO €CTh HE CBSA3aHHOTO B MEPIIUT, IEMEHTHUTA
MPUBOJUT K CHIDKCHHUIO MEXaHWYECKUX CBOWCTB, TMOBBINICHUIO TBEPIOCTH U XPYNKOCTU W,
CJIeIoBaTeNbHO, YXYALICHUI0 00pabaThIBAEMOCTH PE3aHHUEM.
[lpucyTrcTBHE Ha TOBEPXHOCTH OTJIMBKH CBOOOJHOTO IIEMEHTHUTA, TPUBOJAIIECTO K
YBEJIMUEHUIO TBEPAOCTH, Ha3bpiBaeTcsa orOenoMm. [lpuunnoit oTOera MOryT OBITH OTKJIOHEHHUS IO
XUMHUYECKOMY COCTaBY M MOBBIIICHHAs! CKOPOCTh 3aTBEpCBaHUs OTIUBKH. [t ycTpanenus: oroena
OTIUBKHM TIOJIBEPTal0T BBICOKOTEMIIEPATYPHOMY OTXKHUTY, MPU KOTOPOM MPOUCXOTUT pacra
CBOOOIHOTO IIEMEHTHTA C 00pa3oBaHueM rpadura. PexxuM Takoro oTxura:
— Ilocagka oTnmBOK B meub mpu Temneparype He Bbime 200°C, 4ToOBI HE JOMYCTHTH
BO3HUKHOBEHUS TEMIICPATYPHBIX HAPSHKCHUI,

— MemyenHslii HarpeB co ckopocThio He 6onee 100°C B wac mo Temmepatypsl 700...750°C,
BBIJICPKKA TIPH 3Toi Temreparype 1...1,5 gaca /i BeIpaBHUBAHUS TEMIIEPATYPHI;

— Harpes no remnepatypst 920...950°C, Beiaepxkka 3...3,5 daca;

— OxnaxJeHue ¢ neybio co ckopocthio He Oonee 50°C B wac no temneparypst 150...200°C,
JanbHenIIee 0XJIaXIeHNEe — Ha BO3AYyX€E UITH C MEYblO.

3aganue: HazHauuTh peXuMbl TEpMOOOPAOOTKH OTIIMBKH U3 uyrHa Mapku CH20 ans
CHSTHS BHYTPEHHUX HANPSHKCHUH U U1l yCTpaHEHUs oTOena.

Xoa padoTsl

HazHauuTh pexxuM 0TKHra C LIE€IbI0 CHATHS BHYTPEHHUX HaNpsSKEHUH B OTJIMBKE.
Ha3HauuTh pexxuM oTxura Juist ycTpaHeHus otoena.

[TocTpouts rpaduKku pexXKMMOB OTKUTA B KOOPAWHATAX «TEMIIEPAaTypa - BPeMsD».
OTBeTUTHh Ha KOHTPOJIBHBIE BOIIPOCHI.

ITo pe3ynbraTtam paboThI clienaTh BHIBO.

OdopMHUTb OTYET U CIaTh MTPETIOIABATEIIIO.

A o
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[Tpunoxenue b

MunucrepcTBo 00pazoBaHus U Hayku YensOuHckol obaacTu
I'ocymapcTBenHOE Or0KETHOE TTpO(heccCHOoHaTbHOE 00pa30BaTENIbHOE YUPEKICHHE
«lOxkHO-YpanbcKuil rocy1apcTBeHHbINH TEXHUYECKHIT KOJLJIETA»

OTYET

110 BBITMOJTHEHUIO 1a00PATOPHBIX U MPAKTUYECKUX padOT
1o yuyeOHol aucuuniauHe «MaTtepuanoBeneHue»

BBIITOJIHUII

rpyIma

MIPOBEPUIT

Yensounck, 20
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[Ipunoxenue B
Tpebdosanusa K codepircanuio u ogpopmaenuro omuema
1. CTpykTypa oTyeTa JOJIKHA COAEPKaTh:
- Temy nmpakTuyeckoit paboThl (Ha3BaHUE).
- Llenb npakTHueckon padboThI.
- X011 paboTHI.
- BeiBOI.
- OTBeTHI HA KOHTPOJbHBIE BOMPOCHI.

1. Otuer nomxkeH ObITh ohopmieH Ha aucte popmara A4 B nporpamme Word,
[Mpudt Times New Roman, kernp 14, MexxcTpouHblil nHTEepBan 1,5.
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[Ipunoxenue I

IHNEPEYEHD JJABOPATOPHBIX U TPAKTUYECKHUX PABOT

Ne HanmeHnoBanue padoThl O6bem | Ouen | Pocnncn
TEeMbI (uac.) Ka
Tema | Jlaboparopnast pabora 1. OmnpeneneHue 2
1.1 TBEPIOCTH MeETAIOB 1o bpunemo wu
PoxBemny

Tema | JlabopatopHas pabotra 2. OmnpeneneHue 2

1.1 YJIApHOM BSI3KOCTH CTaJIHU

Tema | JlaboparopHass paborta 3. HccrnemoBanwme 2

1.1 paboThI MeTaiorpaduuecKoro
MHKPOCKONA

Tema | JlaboparopHas pabora 4. HccrmemoBanwme 2

1.3 MUKPOCTPYKTYPbl  KEJI€30yIJIEPOAUCTBIX
CILIABOB

Tema | [Ipaktuyeckas  pabora  1.IlocTpoeHue 4

1.3 JIAarpaMMm KeJe30yriIepoauCThIX CILUIABOB

Tema | Jlabopatopuas pabora 5. IlpoBeneHue 2

1.4 3aKaJKd W OTIYCKa CTaJbHBIX 00pasloB C
MCIIBITAHUEM TBEPAOCTH

Tema | Jlaboparopnas paborta 6. HccrnemoBanue 4

1.4 MHKPOCTPYKTYPbI crajeu ocie
TEPMHYECKOM W  XUMHUKO-TEPMHUYECKON
00paboTKH

Tema | IlpakTnueckass pabora 2. Bpibop pexuma 2

1.5 3aKaJIKM CTaJIbHOM JeTalln

Tema | [IpakTudeckass pabora 3. BpiGop pexuma 2

1.5 OTITyCKa 3aKaJIeHHOM JIeTalu B
3aBUCUMOCTH OT TpeOyeMOil TBepIOCTH

Tema | Jlaboparopnas pabora 7. HccrmemoBanme 2

2.2 MUKPOCTPYKTYPBI YyT'YHOB

Tema | IIpakTnueckas pabora 4. Beibop pexuma 2

2.2 TEpMOOOPAOOTKH YyTYHHOU OTIMBKH

Tema | JlabopatopHas paborta 8. HccrmemoBanme 2

2.5 MUKPOCTPYKTYPbl LBETHBIX METAJUIOB H
CILIaBOB

Tema | JlaboparopHas pabora 9. HccrmemoBanwme 2

2.7 MUKPOCTPYKTYPBI u CBOWICTB
JIETUPOBAHHBIX CTaJIEH
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