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Bsenenue

Metoauueckasi pa3pabOTKa IO BBINOJHEHUIO J1A0OPATOPHO-TIPAKTUUECKUX PadOT
0 JUCHUIUIMHE MarepuaioBe[eHUe MNpelHa3HauYeHa g CTYAEHTOB BTOPOro Kypca
cnenuanbHocT  15.02.12  MoHTax, TEXHMYECKOE€ OOCIy)KMBAaHUE M  PEMOHT
MPOMBILIIIEHHOTO 000py0BaHus (1o orpacisim); 13.02.03 DnekTpuueckue CTaHIuU, CETH
u cuctembl; 13.02.11 Texnuueckas 3KCIUTyatamusi U OOCITYKMBAHUE DIICKTPHUUECKOTO H
AJIEKTPOMEXaHUUEeCKOro obOopynoBanus (mo otpacisaM); 15.02.07 AtomaTtuzamus
TEXHOJOTHYECKHUX IPOLECCOB U MPOU3BOACTB (mo otpacisam); 23.02.07 Texauueckoe
00CITy>KMBaHUE U PEMOHT JIBUTaTEJIei, CHCTEM U arperartoB aBTOMOOUIECH

B pesynbrate ocBoeHus y4yeOHOM MMCHMIUIMHBI OOyYarouIuics AOKEH YMETb
pacro3HaBaTh M KIACCU(PUIIMPOBATH KOHCTPYKIIMOHHBIE U BCTIOMOTATEIbHBIC MaTepUaIbI
10 BHEIIHEMY BUJY, IPOUCXOKJIECHUIO, CBOMCTBAM; OMPEAEIATh BUIbl KOHCTPYKIIMOHHBIX
MaTepUalioB; BBIOMPATH MaTEpHUalbl JJIsi KOHCTPYKIIMHA MO MX HA3HAYEHUIO U YCIIOBUSIM
AKCIUTyaTaIluu; pacim@ppoBbIBATh MAPKUPOBKY METAILJIOB U CTJIABOB.

B pesynbrate ocBoeHUs Y4ye€OHOW MUCHUUIUIMHBI OOYYarOMIMICS NOMKEH 3HaTh:
BU/JIbI, CBOMCTBA, 00JIaCTh MPUMEHEHHSI KOHCTPYKIIMOHHBIX MaTEPUAJIOB; 3aKOHOMEPHOCTH
MPOLIECCOB KPUCTALTU3ALMH U CTPYKTYPOOOPA30BaHUs METAJUIOB U CILJIABOB; MPUHIIUIIBI
BBIOOpa KOHCTPYKITMOHHBIX MAaTEPHANOB JUIsl MPUMEHEHHS B MPOU3BOJICTBE, CTPOCHHUE H
CBOMCTBA METAJJIOB, METOAbI UX UCCIICIOBAHUSI.

B wmetonuueckol pa3paboTKe MPUBEACH MOPSIOK BBHIMOJHEHUS J1TA0OpaTOPHO-

MPaKTUYECKUX PadOT ¥ OCHOBHBIC MpaBmUiia K 0()OPMIICHHIO PE3yJIbTATOB ATUX PadOT.



Ilepeyensn 1abopaTopHO-IPpaKTHYECKUX padoT cm. 15.02.12

Ne HanmenoBanme HaunmeHoBaHue Oo0bem
n/n pa3aesioB H TeM JIA00PATOPHO-NIPAKTHYECKUX padoT 4acoB
Paznea 1. 3akoHoMepHOCTH
(popmupoBaHus CTPYKTYpPHI
MaTepHuaJia
1 | Tema 1.1 Ctpoenue u cBoiicTBa IIpakTHYeckoe 3aHATHE.
MaTepuasoB OnpeneneHre OCHOBHBIX apaMeTPOB U )
XapaKTEPUCTUK KPUCTAJUINYECKOTO CTPOEHUS
METAJIJIOB
2 | Tema 1.2 Meronp! ucnbITaHUS JlabopaTopnas padora. 242
MaTepHaoB OrnpenenieHne TBEpAOCTH MaTepraIoB
3 JlabopaTopnas padora. 249
WcnbiTanus Ha yIapHYIO BI3KOCTh
4 | Tema 1.4 OCHOBBI TEOPHH CIIJIABOB I[IpakTHYeckoe 3aHATHE. 2
HOCTpOCHI/IC AuarpaMMbl COCTOSHUS CUCTEMBI
5 | Tema 1.5 CrinaBel xxene3a ¢ IIpakTHYeckoe 3aHATHE.
YTJIEPOaOM TlocTpoeHue 1 n3ydeHue nuarpaMmmbl COCTOSIHUS 4
CHUCTEMBI <OKEJIE30-YIJICPOa»
6 | Tema 1.6 OCHOBBI TEPMUYECKOH IIpakTHYeckoe 3aHATHE.
00paboTKN MaTepraioB Be160p Bua TepM0o0OpabOTKH IS AeTalei 1 2
HHCTPYMEHTOB
Paznen 2. Martepuaibl,
NpHMeHsieMble B MAIIIHHOCTPOCHUH
7 | Tema 2.1 IIpousBoncTeo u IIpakTHYeckoe 3aHATHE. >
MapKUpPOBKA YyT'yHa Knaccudukanus u MapkUpoBKa YyryHa
8 | Tema 2. 2 ITpon3BOACTBO cTaNIN IIpakTHYeckoe 3aHATHE. ’
TexHosIorust MoJIy4eHus CTaIu
9 | Tema 2.3 MapkupoBKa cTaiu IIpakTHYeckoe 3aHATHE. 4
MapxkupoBKa cranu
10 IIpakTHYeckoe 3aHATHE.
Br16op matepuana uyis KOHCTPYKLUH 1O 2
HA3HAYEHUIO U YCIOBUSIM IKCILTyaTalluu
11 | Tema 2.4 npou3BOACTBO U IIpakTHYecKoe 3aHATHE.
MapKUpPOBKa LIBETHHIX METAJIJIOB MapkupoBKa LIBETHBIX METAJIJIOB U CIUIABOB 2
Ha UX OCHOBE
12 IIpakTH4Yeckoe 3aHATHE.
Omnpenenenue 00IacTh MPUMEHEHHUS )
3aJJaHHOM MapKu [IBETHOTO MeTaljia Uin
CIUIaBa Ha €ro OCHOBE
13 | Pa3aen 3. MaTepuaJbl ¢ 0COOBIMH IIpakTHYeckoe 3aHATHE.
¢usnyeckuMu cBoiicTBaMu [IpuMmeHneHne 3IIeKTPOTEXHUYECKUX 2
MaTepUajoB
14 | Pazgea S IlopomkoBbie, IIpakTHYeckoe 3aHATHE.
KOMIIO3MIIHOHHBIC U IIpuMeHeHne MOPOIIKOBBIX, 2
HCMETAIMYECCKUE MATCPHUAJIBI KOMITO3UIIMOHHBIX U HEMETANINYECKUX
MaTepuasioB
15 | Pa3men 6. Koppo3usi MmeTa/LiioB IIpakTHYeckoe 3aHATHE.
[TonGop METOOB 3aIIUTHI IETAIN OT 2
KOppo3uu
Hroro: 34




Ilepeuens 1abopaTopHo-IpakTHYECKUX padoT cm. 23.02.07

Ne HaumenoBanue Oo0be
HaumeHnoBanmue
n/n pa3aesioB U TeM M
JIA00PATOPHO-NIPAKTHYECKHUX PadoT
4acoB
Pasznen 1. 3akonHomepHOCTH (DOPMHUPOBAHUSA CTPYKTYPHI MaTepHuaIa 10
1 | Tema 1.1 Crpoenue u IIpakTHyeckoe 3aHsATHE.
CBOMCTBa MaTepuajioB Onucanue CTpOEHUSI U OCHOBHBIX XapaKTEPUCTHUK )
KPUCTAJUIMYECKON PEHIETKH YKa3aHHOTO
3JIeMEHTa
2 | Tema 1.2 Metonpl JlaboparopHasi pabora. 242
ucrbITanus Matepuanos | OnpeneneHrue TBEpAOCTH MATEPHUAIIOB
3 JlabopaTopHnas pabora. 249
HcnpiTanus Ha yIapHYIO BSI3KOCTh
4 | Tema 1.5 CninaBsl IIpakTu4eckoe 3aHsATHE.
KeJesa C yriepoaoM [locTpoeHue n n3yueHue AuarpaMmbl COCTOSTHUS 2
CUCTEMBI «XKEJ€30-YTIepoa»
5 | Tema 1.6 OcHOBBI IIpakTHyeckoe 3aHsATHE.
TepMudeckor o0paboTku | Beibop Busia TepMooOpabOTKH Jisl AeTallel U 2
MaTepHUajoB UHCTPYMEHTOB
Pasnen 2. MarepuaJbl, npuMeHsieMble B MAIIMHOCTPOCHUM 12
6 | Tema 2.1 IIpousBoacteo | [IpakTHYecKkoe 3aHATHE. 7
Y MapKHUPOBKA YyT'yHa Knaccudukanus u MapKupoBKa 4yryHa
7 | Tema 2. 2 IIponsBoacteo | [IpakTuyeckoe 3aHATHE. 7
CTaJlu TexHOnorus nojgyyYeHus CTanu
8 | Tema 2.3 MapkupoBka IIpakTHyeckoe 3aHsATHE. 7
CTanu MapxkupoBka crajiu
9 IIpakTHyeckoe 3aHATHE.
Br16op marepuana it KOHCTPYKLMMA 10 2
HA3HAYEHHIO M YCIOBUSM SKCILUTyaTalluu
10 | Tema 2.4 IIpousBoactBo | IlpakTHYeckoe 3aHATHE.
Y MapKUPOBKA LIBETHBIX | MapKupoBKa BETHBIX METAJIOB U CIUIABOB Ha 2
METaJJIOB UX OCHOBE
11 IIpakTuyeckoe 3aHsiTHe.
Onpenenenue 0061acTi MPUMEHEHHS 3aJJaHHON )
MapKH I[[BETHOT'O METajljla WIH CIUIaBa Ha €ro
OCHOBE
12| Pasnen 7 Kopposus IIpakTHYeCKOe 3aHATHE. )
M€TaLIIoB ITox6op METOIOB 3aIMTHI AETAIN OT KOPPO3UH
13 | Pa3gea 8 OcHoBHEIE IIpakTH4eckoe 3aHATHE.
crnoco0b1 00padoTkM Pacuer pexxumoB pe3aHus Ipu MEXaHUUYECKOU 2

MaTepuaJja

00paboTKe METAJUIOB Ha pa3jIMYHbIX CTAaHKaX

Hroro:

26




Ilepeuenn abdopaTopHo-pakTHYecKux pador cm. 13.02.03

Ne HaumenoBanmue HaumenoBanue Oo0bem
n/n pa3aesioB U TeM JIa00OPATOPHO-NIPAKTHYECKUX pPadoT 4acoB
Paszpgen 1. 6
3akoHOMepHOCTH
(¢popmupoBanus
CTPYKTYPbI MaTepuaJjia

1 | Tema: Meroasl JlabopaTtopnasi pabora. 2+2
WCIIbITaHUS MaTepuasioB | OnpeneneHre TBEpIOCTH MaTEPUAIOB

2 | Tema: CnnaBel xkene3a ¢ | [IpakTuyeckoe 3aHsiTHeE. 2
YIIJIEPOAOM [TocTpoeHue 1 n3ydeHue AuarpamMmmabl

COCTOSIHUSI CUCTEMBI «KEJI€30-YTIIEPOI»

3 | Tema: OcHOBBI IIpakTHyeckoe 3aHATHE. 2
TepMHUUeCcKON 00paboTku | BeiOop Buia TepMOOOPaObOTKY SIS AeTaneil u
MaTepHuajoB WHCTPYMEHTOB
Pa3pea 2. 6
KoHcTpyKIMOHHBIE
MaTepuaJbl

4 | Tema: [IpousBoacteo u | [IpakTr4yeckoe 3aHsiTHE. 2
MapKUpPOBKA YyryHa Knaccudukanusi 1 MapKupoBKa 4yryHa

S | Tema: IlpousBoactBo u | IlpakT4yeckoe 3aHsiTHE. 2
MapKUPOBKA CTaJIH MapkupoBka craiu

6 | Tema: IIpouzBonctBo u | IlpakTHyeckoe 3aHsITHE. 2
MapKUPOBKA IIBETHHIX MapkupoBKa I[IBETHBIX METAJIJIOB U CIIJIABOB HA
METaJVIOB UX OCHOBE

7 | Pa3nen 3. MaTtepuaJsbl ¢ 2

IIpakTH4yeckoe 3aHATHE.

0co0BIMU
[IpuMeHeHne PNEKTPOTEXHUUECKUX

pusnueckumu

. MaTepUaioB
CBOMCTBAMH
8 | Pa3znea 4. OcHOBHBIE 2

IIpakTuyeckoe 3aHsiTHe.

croco0b1 00padoTKM
Br16op MeTo10B 06paboTKH neTanu

MarepuaJja

Hroro: 16




Ilepeuenn adopaTopHo-npakTudeckux padoor cm. 13.02.11

Ne HaumenoBanue HaumenoBanue Oo6bem
n/n pa3aesioB U TeM JIa00paTOPHO-NIPAKTHYECKHUX PadoT 4acoB
Paszpnea 1.
3akoHOMepHOCTH 8
(¢popmupoBanus
CTPYKTYPbI MaTepHaJia
1 | Tema: Crpoenue u IIpakTHyeckoe 3aHsATHE.
CBOMCTBa MaTepuasoB OmnpeneneHre OCHOBHBIX [TapaMETPOB U 5
XapaKTEPUCTUK KPUCTAINYECKOTO CTPOCHHUS
METaJUIOB
2 | Tema: Metoabl JlabopaTopHas padora. )
VCIIBITAaHUSI MATEPUAJIOB OmnpenenieHre TBEPAOCTH MaTEPUATIOB
3 | Tema: CruiaBsl Xkenesa C IIpakTHuyeckoe 3aHsATHE.
YIJIEPOAOM ITocTpoeHune n u3ydeHue quarpaMmbl 2
COCTOSIHHSI CUCTEMBI KEJI€30-YTIIEPOI»
4 | Tema: OCHOBBI IIpakTHyeckoe 3aHATHE.
TepMuueckoi o0pabotku | BeiObop Bua TepMooOpabOTKu i aeTanieit u 2
MaTepuasoB WHCTPYMEHTOB
Pa3nen 2.
KoncTpyknuonnbie 10
MaTepHAaJIbl
5 | Tema: IIponsBoacTBo U IIpakTHyeckoe 3aHsATHE. 7
MapKHPOBKA YyTryHa Krnaccugukanuus 1 MapKupoBKa 4yTryHa
6 | Tema: [Ipon3BoacTBo u IIpakTHyeckoe 3aHATHE. 7
MapKHpOBKa CTaJIN MapkupoBKa cTajiu
7 IIpakTHuyeckoe 3aHsATHE.
Br16op matepuana 1jist KOHCTPYKIIHM 110 2
HA3HAYCHMIO U YCIOBUSAM JKCIUIyaTallun
8 | Tema: IIpon3BoacTBO U IIpakTHyeckoe 3aHsATHE.
MapKHpPOBKa LIBETHBIX MapkupoBKa LIBETHBIX METAJUIOB U CILJIaBOB 2
METaJUIOB Ha UX OCHOBE
9 IIpakTHyeckoe 3aHsiTHE.
Omnpenenenre 001aCTU MIPUMEHEHUS )
3aJIaHHOW MapKH LIBETHOTO METaJlJIa WK
CIUIaBa Ha €r0 OCHOBE
10 | Pa3znen 3. MaTtepuanni ¢ | [IpakTudeckoe 3aHsTHE.
0co0bIMHU (pu3uvecknMu | [IpumeHeHne 3JIeKTPOTEXHUYECKHUX 2
CBONCTBaMH MaTepHUasoB
11 | Pa3nea 4. OcHoBHEIE
IIpakTHyeckoe 3aHsATHE.
Croco0bI 00padoTKHN 2
Br160op MeTo0B 00pabOTKH eTaiu
MaTepHaJia
Hroro: 22




Ilepeuens abopaTopHo-pakTHYECKUX pador cm. 15.02.07

Ne HaumenoBanue HaumenoBanue O0bem
n/n pa3aesioB U TeM JIA00PATOPHO-NIPAKTHYECKHUX PA00T | 4YacoB
Paznen 1. 3akoHoMepHOCTH
(popMuUpOBaHUA CTPYKTYPbI 10
MaTepuaJia
1 | Tema 1.1 Ctpoenue u coiictBa | [IpakTHuyeckoe 3aHsITHE.
MaTepHuaioB Onucanue CTpOEHUS U OCHOBHBIX 5
XapaKTEPUCTUK KPUCTATUTMYECKOM
PEUIETKH YKa3aHHOT'O 3JIEMEHTA
2 | Tema 1.2 MeTtoasl uCIbITaHUS JlabopaTopHas padora. 240
MaTepuaioB OnpenesieHne TBEPIOCTH MaTEPHAIIOB
3 JlaGopaTtopnas padora. 242
VcnplTaHus Ha yJIapHYIO BSI3KOCTh
4 | Tema 1.4 OcHOBBI TEOpUU IIpakTHyeckoe 3aHATHE.
CILIaBOB [TocTpoeHne quarpamMmsbl COCTOSTHUS 2
CUCTEMBI
5 | Tema 1.5 CnnaBsl xkene3a ¢ IIpakTueckoe 3aHsiTHE.
yTIEPOAOM ITocTpoenue quarpaMMbl COCTOSIHUS 2
CUCTEMBI <GKEJIE€30-YIIIEPOI»
Paznen 2. MarepuaJnbl,
NpUMeHsieMble B 8
MAIINHOCTPOCHHUH
6 | Tema 2.1 IlpousBoacTBo 1 IIpakTHyeckoe 3ansTHe. 7
MapKHpPOBKA YyT'yHa [Tpon3BOACTBO M MAPKUPOBKA YYTyHa
7 | Tema 2.2 IIpousBoactBo ctasin | [IpakTHdeckoe 3ansiTHE. 7
TexHOJ0rus MOay4YEHUs CTaau
8 | Tema 2.3 MapkupoBKa CTaJIA IIpakTHyeckoe 3aHsATHE. 7
MapkupoBKa cTajiu
9 | Tema 2.4 ITpou3BOJCTBO U IIpakTHyeckoe 3aHsATHE.
MapKUpOBKa IBETHBIX METALUIOB | [[poM3BOACTBO U MapKUpOBKa 2
[[BETHBIX METAJIOB
Paznen 3. MaTepuaJibl ¢
0CO0BIMH (PM3NYECKUMH 4
CBOMCTBAMH
10 | Tema 3.2 Marepuansl ¢ IIpakTH4eckoe 3aHsATHE.
0COOBIMHU ANEKTPUUECKUMU [IpuMeHeHHe 3IEKTPOTEXHUUECKUX 4
CBOMCTBAaMH MaTEpHAJIOB
Pa3nen 5 OcHOBHBIE CIIOCOOBI 4
00padoTkM MaTepuasa
11 | Tema 5.1 Jluteitnoe IIpakTHyeckoe 3ansTHe.
IPOU3BOACTBO Br160p BUAOB JUTHS 17151 TOTYUYCHUS 2
U3J1enus
12 | Tema 5.2 O0OpaboTka IIpakTH4eckoe 3aHsITHE. 5
MaTepUajIOB JaBICHHEM Br160op MeTo10B 00pabOTKH JeTaiu
Hroro: 26




IIpakTuyeckas padora

Tema: OnpenesneHne 0OCHOBHBIX IAPAMETPOB U XaPAKTEPUCTUHK
KPHUCTALJIMYECKOr0 CTPOCHUS METAJLIIOB
(Onucanue cTpoeHMS U OCHOBHBIX XapaKTEPUCTUK

KPHCTAJUIHYECKOM pPelIeTKH YKa3aHHOI0 3JIEMEHTA)

Heab: 3akpenuTh TEOPETUYECKUE 3HAHUS O CTPOCHUM METAJJIOB; HAYyYHMThCS
OINPEJIEIATH OCHOBHBIE MTAPAMETPBI U XapAKTEPUCTUKHA KPUCTAIIMYECKOTO CTPOCHHUS.
3aganme: onpenenuTh THII, ONUCATh CTPOEHHUE M JaTh XapaKTEPUCTUKY

KPUCTAJUTMYECKOUN PEHIeTKH YKa3aHHOTO AJIEMEHTA.

OcHoBHbIE TCOPETUYECCKHUE CBCICHUSA

CoryniacHO TPUHIIMIY MUHUMHU3AIUU TIOTCHIIMAIBHOW JHEPTUU KaXIbIM aTOM
CTPEMUTCS B3aMMOJIEUCTBOBATh C MAKCUMAJILHO OOJIBIIMM YKUCIOM aTOMOB. CTpyKTypamu
IJIOTHEWINIUX YITAKOBOK 00JIaIal0T KPUCTAIIBI MHOTHX XUMHUYECKHX DJICMEHTOB.

Mertaniasl 00pa3yl0oT B OCHOBHOM TpPHM THIMA PEHMICTOK (PUCYHOK 1): 0OBEMHO-
neHTpupoBanHyo kyoumdeckyto (W, Mo, Cr, V, K, Na, Li u ap.), rpaHe-11ieHTpupOBaHHY O
kyouueckyto (Al, Cu, Ni, Ag, Au, Pb, Ce u 1ip.) 1 rekcaroHaJIbHYIO MJIOTHOYTTAKOBAHHYIO
(Mg, Zn, Be, Cd, Os, CaP} u np.).

Kpome reomeTpuuecknx XapaKTEPHUCTHK KpucTauia, B  (U3HICCKOM
MaTE€pUAIOBEICHUN  HCHOJB3YIOT TMOHSTHS: 0a3uc, KOPJIAMHALMOHHOE YHCIO U
KO3 (HUIMEHT 3a0JIHCHUS.

Bba3uc pemerku (n) - 3TO YUCIO ATOMOB, MPUXOISIIMXCS HA OAHY JIEMEHTAPHYO
STYEHKY.

O6bemHo-1IeHTpUpoBanHas kyomueckass (OIIK) pemerka. B amementapHoit
SUCMKEe TaKOM PEIIeTKU JEeBATh aTOMOB (BOCEMb — B BEpIIIMHAX Ky0a U OJIMH — B LICHTPE).
Kaxxnpiit yrioBol aToM BXOJUT B BOCEMb COCEIHUX SUEEK, CIEAOBATEIIbHO, Ha OJHY
saueiiky npuxonutcsi n =8 - 1/8 + 1 =2 aToma.

['panenentpupoBannas kyoudeckas pemerka (I'LIK). B amemenrapHoii sueiike

Takoi pereTku 14 atomoB (8 — B BepmmHax u 6 — Ha TpaHsax Ky06a). Kaxxasiii yriioBoi



aTOM BXOJIUT B BOCEMb S[YEEK; KaXKIbIM aTOM, HAXOMSAIIUMCS B LIEHTPE TPAHU, BXOIAWUT B
JIBE€ COCEJHUE SYEHKH, B LIEHTpPE sA4erku atoma HeT. ClenoBaTeIbHO, HA OJHY SYECHKY
npuxoautTcsin =8 x 1/8 + 6 - 1/2 =4 aTtoma.

['excaronanbHas minoTHoynakoBanHasi pemerka (I'TIY). B anementapHoit sueiike
TaKkOW pemeTkn 16 aTroMoB. BepxHHWE UEHTpalbHBIE aTOMbI BXOJST B JBE COCEIHHUE
SYCHKU;, aTOMBI, 00pa3yrollde BEPIIMHBI MPU3MBI, BXOJAT B IIECTh COCEIHHX SUYCCK;
aTOMBbI, JIeKAIIME BHYTPU MPU3MBI, LEIMKOM MPUHAJIEKAT JAHHOM  STYCHKE.

CrnenoBartesibHO, Ha OJTHY sSiUeUKy npuxoautrcsin=2 - 1/2 +12 - 1/6 + 3 = 6 aTomoB.

B)

Pucynok 1 — Kpucraimueckue pemeTku MeETauloB: a — OOBEMHO-
LEHTpUpOBaHHas KyOudyeckasi; © — TIpaHELEHTpUpOBaHHAs KyOuueckas; B —
reKcaroHajbHasl MJIOTHOYTIaKOBaHHAs

DneMeHTapHasi KpHUCTAUIMYECKas sSUYeKa XapaKTepu3yeTcs KOOPIAMHALMOHHBIM
YHCJIOM, T10]] KOTOPHIM MOHUMAIOT YMCJIO aTOMOB, HAXOMSAIIUXCS HA Hambojee OIM3KOM
PaBHOM PacCTOSIHMM OT U30paHHOTO aToMa.

B 00beMHO LIEHTpUPOBAHHOM KyOHUYecKOWl pemieTke (pUCYHOK 2, a) atroM A
HaXOJUTCS Ha HaubOojee OJM3KOM paBHOM pACCTOSSHMM OT BOCBMH aTOMOB,
pacroJIOKEHHBIX B BEpUIMHAX Ky0a, TO €CTh KOOPAWHAIMOHHOE YHUCIIO 3TON PEIIeTKH
paBHo 8 (K8).

B rpaneneHTpupoBaHHOM KyOn4ecKkoi pemerke (pUCYHOK 2, 6) aToM A HaXOIUTCs

Ha HauOoJjee OJIM3KOM PACCTOSSHUU OT 4eThipex atoMoB 1, 2, 3, 4, pacnoJIO)KEHHBIX B

10



BEpIIIMHAX Ky0a, OT YEThIpEX aTOMOB 5, 6, 7, 8, pacIojoKeHHBIX Ha TpaHsIX Ky0a, u OT
yetblpex aromoB 9, 10, 11, 12, npuHagnexammx pacrnojgoXKEHHOU psIaoM

KpucTainueckon sueiike. Atomsl 9, 10, 11, 12 cumMmerpuunsl atomam 35, 6, 7, 8.

CnenoBarenbHO, JUIsl TpaHE-IEHTPUPOBAHHOW KyOMUECKOM PpEelIeTKH KOOPAMHALMOHHOE

/'8 ¢
E"‘Q
DA B

AN
0 |/

yucno pasHo 12 (K12).

O
7 2 &Y
2
7 A 4
5
v iff
1l
(o]

Pucynok 2 — KoopiuHaIIMOHHOE YUCIIO0 B PA3IMYHBIX KPUCTAUIMYECKUX PEIIETKAX
s atoma A: a — 00BEMHO-IIEHTPpUPOBaHHAs KyOuueckas, O — rpaHeleHTpUPOBaHHAs
KyOndeckas; B — TeKcaroHajabHas TUIOTHOYTTaKOBAaHHAS

B rekcaroHaJibHOM TMJIOTHOYIAKOBAaHHOM pelieTke (PUCYHOK 2, B) atoM A
HaxoAuTCsd Ha Haubojee OJM3KOM pacCTOSHMM OT Iectu aromoB 1, 2, 3, 4, 5, 6,
PaCIONI0KEHHBIX B BEPIIMHAX IECTUTPAHHUKA, U OT TPEX aTOMOB 7, 8, 9, pacnoyI0KEHHBIX
B CpEeAHEN MIOCKOCTH pu3Mbl. KpoMme Toro, atoMm A HaXOJIUTCS HA TAKOM K€ PaCCTOSIHUU
eme oT Tpex aromoB 10, 11, 12, mpuHagnexamuyx KpUCTAIIMUECKOW SYECHKE, JIeKallen
HIKe ocHoBaHusA. AToMbl 10, 11, 12 cumMmeTpuunasl atomam 7, 8, 9. Takum oO6pazoM, 11
reKCaroHaJbHOM TUJIOTHOYNAKOBAHHOM PEIIETKHM KOOPJAMHAIIMOHHOE YHCJIO paBHO 12
I'12).

Uem BbllllE€ KOOPJWHAIMOHHOE YHCIJIO, TEM BBIIIE IUIOTHOCTh YHAKOBKH
KPUCTAJUTMYECKOUN pEIETKH, T. €. 00bEM, 3aHAThII aTOMAMH.

11



Xoxa paboThi:

1 OnpenenuTts TUI, OCHOBHBIE MTAPAMETPhI U XaPAKTEPUCTUKN KPUCTALTUYECKOU
PEIIeTKHU 3aJIaHHOTO dJeMeHTa (Tabmurna 1).

2 OTBETUTH HA KOHTPOJIBHBIE BOMIPOCHI

3 OdopMUTh MUCBMEHHBIM OTUYET 10 MPAKTUYECKONU paboTe 1o IUIaHy:

- TeMa MPAKTHIECKON pabOThI;

- 11eJ1b padOTHI;

- 3aJ1aHUE;

- 3amoJHEeHHAs Tabnuma 1;

- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

- BBIBOJI O MPOJIeNIaHHOM padoTe.

Ta6n1/1ua 1-— XapaKTepI/ICTI/IKa KPpUCTAJUIMICCKOI'O CTPOCHUA MCTAJLJIOB

Mertamnn Tun Yucno basuc,n | Kopauna-
= KPUCTAJUTHYECKOM aTOMOB B (pacuem) | TMOHHOE
S peLIeTKH 3JIEMEH- yuciio, K
= (Hazeanue, pUCyHOK TapHOU
a 9/1eMEeHMAaPHOU STYCHKE

AYelKu)

1 Xpom Cr

Amomunnii Al

Maruaui Mg
2 Mens Cu

Momu6aen Mo

Kangmuit Cd
3 Hunuk Zn

Huxens Ni

Bonsdhpam W

KoHTposibHBIE BONIPOCHI:

1 Yto Takoe 6a3uc pemeTku?

2 Kak onpezensercst KOOPAUHAIMOHHOE YHUCIIO U YTO OHO XapaKTepU3yeT?

3 HN306pa3zute KpUBYIO OXJIAXACHHUS YUCTOTO MeTala M 00O3HA4YbTE Y4YacTOK
kpuctaum3anuy. [louemy TeMriepaTypa npu KpUCTAUTH3AIANA OCTACTCS HEU3MEHHOM?

4 Kakue ToueuHbie JedEKThl KPUCTAUIMUYECKOTO CTPOCHHUSI MOTYT OBITh
00pa30BaHbl B MPOILIECCE KPUCTATITU3ALNH ?

5 Kaknmu 0coOOEHHOCTSIMH 001a1af0T MOTUMOP(PHBIC METAILIIBI?

12



JlaGopatopnas padora Ne 1

Tema: Onpe}]e.JIeHue TBEPAOCTH MATEPHUATIOB

Heab: O3HAKOMHUTBCA € METOAMKOW OIPENEIEHUS TBEPAOCTH METAJUIOB IO
bpunesto.

OO0wmue cBegeHnst

[lon  meepoocmvro  TOHUMAIOT CBOWCTBO  MaTepHalia  COMPOTUBIATHCA
IIPOHUKHOBEHHI0O B  HEro 0Oojiee TBEPJOro HAKOHEUYHMKA (MHIEHTOpa), HE
1eOpMUPYIOIIETOCs MTPU UCTIHITAHUH.

TBepaocTh MOXXHO OIpEAENsITh METOJOM BJABIMBAHMS ,llapanaHbs, YNpPyrou
OTJa4¥ W T.J. HauOoJjiee PacHpOCTPaHEH METO]| BJABJIMBAaHUS CTAaTUYECKON Harpy3KoM,
KOTOpBIN MpeaycMaTpUBaEeT BHEIPEHUE UHJIEHTOpa B oOpa3el (U3/1e1ue) o JeHCTBUEM
Harpy3Kd ,IIPUKJIAABIBAEMON IJIABHO W TIOCTENEHHO, MPUYEM BpPEMS BBIICPKKHA IO
Harpy3Ko# perinaMeHTUPYEeTCs COOTBETCTBYIOIMMHU CTaHIapTaMy Ha METOJIbl U3MEPEHHUS
TBepJOCTH. B pe3yiibrare BAaBIMBaHKS TOBEPXHOCTHBIE CJIOM METAIIA ,HAXOAIIUECS O]
WHIECHTOPOM ® BOAM3M Hero, ruactudecku aehopmupyrorcs. OcoOeHHOCTH
MPOUCXOSAIICH MpU ATOM JAePOpPMAILIMK B TOM, YTO OHA IIPOTEKAET TOJIHKO B HEOOJIBIIIOM
o0beMe, OKpPYKEHO HeAeQOpPMUPOBAHHBIM MeTauioM. Takum 00pa3oMm, TBEPIOCTb
XapaKTEPU3yeT COMPOTHUBICHUE METallIa IUIACTUYECKON AedopMariii Mpu KOHTAKTHOM
BO3/JICHCTBUU B IMOBEPXHOCTHOM CJIOE, T.€. CIIOCOOHOCTh OJHOTO T€la MPOTUBOCTOSATH
MIPOHUKHOBEHUIO (BHEAPECHHIO) B HETO APYTroro 60jee mMpoYHOro Tea.

WcnbiTanuss Ha  TBEpPAOCTh  MOJYYWIM  OOJBIIOE  PacHpoOCTpaHEHUE B
MIPOMBIIIIICHHOCTH, T.K. OHU JIAIOT BO3MOHOCTh U3y4aTh CBOMCTBA MaTepualia He TOJIBKO
Ha OTBITHBIX 00pa3Iiax, HO ¥ Ha TOTOBBIX KOHCTPYKIMAX | JeTalaX. K ToMy ke mmeeTcs
BO3MO>KHOCTH TI0 pe3yJIbTaTaM UCIBITAHUI Ha TBEPAOCTh OMPEICTUThH BEIMUUHY TTpeesa
MPOYHOCTU MaTepuasa 0e3 MPOBEACHUS UCTIBITAHUM Ha PACTSKEHUE.

HauGoubliee pacnpocTpaHeHre MOTYYMIN CTATUHYECKUE METOIBI:

1 Meton bpunenis — BaaBIMBaHUE CTAILHOTO 3aKAJICHHOTO MIAPUKA;

2 Meron PokBemna — BAABIMBAaHUE CTAJIBHOIO MIAPUKA NPH KOHTPOJIE MATKHX
MaTepuaioB WM aIMa3HOI0 KOHYCa IIPU UCIIBITAHUH TBEPJIBIX;

3 Meton Bukkepca — BIaBIMBaHKUE AJIMAa3HOW MUPAMUJIBI.

13



Yka3aHHbIE METO/IbI OIIpEIEICHUS TBEPAOCTH pErJIaMEHTHUPOBAHbI
cootBercTBytommMu ['OCTamu. Meron usmepenust tBepaoctu no bpunemmo - 'OCT
9012-59, meron ompenenenusi tBepaoctu no Poxeemry — ['OCT 9013-59, meron
onpenenenus Teepaoctu rno Bukkepcy — 'OCT 2999-75.

MeToanka U TEXHUKA IKCIIEPUMEHTA

IIpu ompeneneHun TBEPAOCTHM IO bpHHEIIIO CTalbHOW MApUK auamerpom D
BJIABJIMBAECTCSI B MCHOBITYEMBI oOpasen moj JedcTtBueM Harpy3ku P (pucyHok 1)
IIPUJIOKEHHOM B TEYEHUE OINPEIEICHHOIO BPEMEHU.3HAUYEHUE TBEPAOCTH ONIPEACIISIOT 110
BEJIMYMHE MOBEPXHOCTU OTIIEYATKA, OCTABJISIEMOrO IMIAPUKOM, KOTOPBIA M3rOTOBJIEH W3
TePMHUECKU 00pabOTaHHON HHCTPYMEHTAIBHOM CTaJIH.

BraBnuBanue mapuka OCyIIECTBIsIeTcsl Ha TBepaomepe bpunemns (pucyHok 3)
cienyromumM oopazoM. Ha cronmk 2 ycTaHaBIMBAIOT UCIIBITYEMbIN 00pa3el WiIH U3JIeIne
3. Bpamias MaxoBuK 1 10 4acoBOM CTpeJsiKe MOJHUMAIOT CTOJIMK BBEPX JIJIsi 0OECIIeUCHUS
KOHTakTa o0pas3lna ¢ MHAECHTOpoM-IIapukoM 4. [loToM HakaTheM KHONKU BKIHOYAETCS
ANEKTPOJIBUraTesb 6 mpubopa, mociie Yero Harpy3Kka HaYMHAET MJIaBHO MepeaBaThcs Ha
HCITBITYEMBI 00pa3ell. 3Ta Harpy3Kka, co3aaBaeMasi rpy3om 5, aeiictyeT o0braao 10-60 ¢
,B 3aBHCUMOCTH OT TBEpPJOCTH H3MEPSIEMOIO MaTepuasa; BBIKIIOYAETCS JIBUTATEINb
aBTomarnyeckd. CTonuk 2 BMecTe ¢ 0o0paslioM OMyCKaloT BpalleHHEM MaxoBHKa | B
oOpaTtHOM HanpasiieHuu. OOpa3zel 3 CHUMaIOT U U3MEPSIOT AUAMETP MOJYyUYEHHOTO Ha HEM
OTIeYaTKa C MOMOINBIO JIyIbl, HA OKYJIIpE€ KOTOPOM HAaHECEHa IKala C JICJICHUSMH,
coorBercTBytommmu 0,1 mMm. CxemMa wu3MepeHuss auaMeTpa OTHEYaTKa CIEeHHAIbHOU
JyTIOM MOKa3aHa Ha puc. 2.

Yucno tBepnoctu no bpunemtio (HB) ompenenstor myrem paenenust Harpy3ku P

(H) Ha IuIomiaas MOBEPXHOCTH cepHueckoro ormedatka F (MM®) M BBIYHCIAIOT MO

dbopmye:

HB=- —; (1)

rae D— nnamerp BOaBiaMBaeMoro mapuka, MM;
d — nuameTp oTneyvarka, Mm;
Mexnay uwciamu TBepaoctTH 1o bpunHemmo u mnpenenom npoyHoctd GB

CYILECTBYET CieayomIasi MpuOIMKEeHHas: 3aBUCUMOCTb!
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; (2)
riae k — koappunrenT, onpenensemMplil ONBITHBIM MyTeM. 3HAUYCHUS K i cTanu,
AJIFIOMUHUS U MEIIU:

- ctaimb HB<175 - 3,4

- ctanp HB>175 - 3,6

- AIIOMMHUH OTOXKKEHHBIN - 4,0

- MEJIb OTOXOKEHHas - 3,5.

Yem TBepke MeETaJI, TEM MEHBIIE JAUAMETpP OTIeYaTKa M TEM BBIIIE YHCIIO
TBEPAOCTH 110 bpunesmo.

JlnameTp mapuka, Harpy3Ky M TPOJIOJDKHTEIILHOCTh BBIICPKKH 107 HArpy3Kou
BBIOMPAIOT B 3aBHCUMOCTH OT TBEPJOCTH M TOJIIMHBI MCIHBITYEMOTO W3JCIUsS WU
obpasna. HopMbl ucnibiTanusi Ha TBEPOCTh IIPUBEACHBI B Ta0HIIE 1.

Ha mpakTuke npu uM3MEpeHUHM TBEPAOCTH IAPUKOM OIPEACIICHHOTO JuamMerpa u
YCTAHOBJICHHOW HArpy3kOd TOJB3YIOTCS TaOJMIIaMH, YKa3bIBAIOIIMMU YHUCJIO B
3aBHCHUMOCTH OT JIUaMETpa OTIeYaTKa.

Tabauma 1HopMmel ucnibiTanus Ha TBepAOCTh o bpunesto

Martepuan | Teepnocts | Tommuna | Iuamerp | Harpyska | CooTHowenue | Beiaepxxka
o oOpasua, | IIapuka P,H PuD noj
bpunento MM D, mm Harpy3Kou,
HB Cc
UYepHsie 140-450 6-3 10,0 29420 10
MeTalIbl 4-2 5,0 7354 P=30D’ 10
<2 2,5 1834 10
UepHsie <140 6 10,0 9810 10
MeTaIbl 6-3 5,0 2451 P=10D’ 10
<3 2,5 614 10
I{BeTHBIC >130 6-3 10,0 29420 30
MeETaJlJIbI 4-2 5,0 7354 P=30D" 30
<2 2,5 1834 30
35-130 9-3 10,0 9810 30
6-3 5,0 2452 P=10D’ 30
<3 2,5 614 30
8-35 >6 10,0 2451 60
6-3 5,0 614 P=2,5D’ 60
<3 2,5 153 60
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Puc. 1 Cxema usmepeHus Puc. 2 Cxema usmepenns
TBEPAOCTH MO MeToAy bpuHenns AMaMeTpa oTneyarka

—

—

-

T

e

£

Puc. 3 Cxema npubopa 115 onpeeneHus TBEPAOCTH Mo MeToay Bpuneuis
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IMopsaok BeINOJIHEHUS] Pa0OTHI
3amanue:
1 M3yuuTth TeOpETHUECKUE BOTIPOCHI:
1.1 cxeMy ucnbITaHus (C 3apUCOBKOI) TBepAocTU o bpunenio;
1.2 onpenenenue TBEpIOCTH 1O PopMyIie;
1.3 ycTpoiCcTBO aBTOMAaTHYECKOTO PhIUAXHOTO Ipecca (C 3apUCOBKOI);
1.4 BeIOOp AMameTpa IIapuKa U Harpy3Ku;
1.5 MeToauKy u3MepeHust OTIedaTka ¢ TOMOIIBIO JIYIIBL.
2 V3yuuTh NOpsA0K pabOThI HAa TBEPIOMEDE.
3 Onpeaenuts TBEPAOCTh 00Pa3IOB.
4 OnpenenuTs NpUOIU3UTENILHOE 3HAYEHUE TIPEeIia MPOUYHOCTH 00pa3IIoB.
5 Cpenatb BBIBOA O 3aBUCUMOCTH TBEPJOCTH W NPOYHOCTH Pa3TUUHBIX
MaTepuaioB 00pas3IoB.
Pesynbratel 0hopMHTH B BUJIE IPOTOKOJIA.

Tabnumna 1 - [Iporokon pe3ynbTaToB pabOTHI

Marepuan | Tonmmuna | namerp | Harpy3ska, | duamerp | TBepmocts, | Ilpenen
obOpasna, | mapuka, H OTIIeYaTKa, HB IIPOYHOCTH,
MM MM MM Gg, MIla

d] d2 de

6 Conepxanue u ohOpPMIICHHE OTYeTa IO paboTe: Tema paboTHI; IeNbh PaOOTHI;
3aJlaHne; OMUCAHWE METOAWKH IPOBEJCHHS WCIBITAHWA C 3apUCOBKOW PHUCYHKa 1 u 3;

pe3yibTaThl U3MEPEHUH B BUJIE TPOTOKOJIA; BEIBOJ 110 padboTe.

KoHTpoJibHbBIE BONPOCHI:
1 Onpenenenue TBEPAOCTH.
2 IlepeyuciauTh METOIbI U3MEPEHUS TBEPIOCTH.
3 Ha yeMm OCHOBaH METOJI U3MEPEHUS TBEPAOCTU o bpunemo?
4 Kak onpeaensieTcs TBEpAOCTh o Mmetony bpunemns (popmyna)?
5 Kak ocy1ecTBisieTcsi BHIOOP ramMeTpa Iapuka U Harpy3Ku B JJabopaTopHOM paboTe?

6 MeTonrka U3MEpEHHUs OTIEYaTKa.
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JlaGopaTtopnas padora Ne 2

Tema: UcnbITaHUA HA YIAPHYIO BA3KOCTh

Heab padorbl: Onpenenuts yYAApHYIO BSI3KOCTh METala NPU  HCIBITAHUU

CTaHIapTHBIX 06pa3u013 Ha MAasATHHUKOBOM KOIIPC.

Teopernueckne 0CHOBBI

B neransx MamumH ¥ MEXaHM3MOB, TOJIBEPralOIIMXCS B MPOIECCE IKCILTyaTarluu
JEHUCTBUIO OBICTPO BO3HUKAIONIUX YIAApPOB, HAIPSOHKEHUS PE3Ko M3MeHstoTcs. [loatomy
MpeABapUTENIbHbBIE HUCHBITAaHUS O0pa3lloB METAUIOB M CIUIABOB, M3 KOTOPHIX OHU
M3TOTaBINBAIOTCS, MPOBOAMMBIE IO ACHCTBUEM MEJJICHHO U IMOCTEIIEHHO BO3PACTAIOIINX
CTaTUYECKUX HArpy30K, HE J1al0T BO3MOXKHOCTU CYJHUTh O HAJIEKHOCTH KOHCTPYKIIMU B
1ejoM. B 0COOCHHOCTH 3TO OTHOCHTCS K JIETalsiM HM3TOTOBIIIEMBIM W3 TaKHMX MapoK
MeTasuia, KOTOPbhIE MO/ BIUSTHUEM ONPE/IEICHHBIX YCIOBUM CITy>KObI CKIIOHHBI TEPEXOIUTh
B XPYNKOE COCTOSHME TIOJ] JCWCTBUEM [MOHWXEHUS TEMIlepaTypbl, HaIAYUA
KOHIICHTPATOPOB HAIpPSDKEHUS, YBEIWYCHUS aOCOJIOTHBIX pPa3MEPOB, IOBBIIICHUS
ckopoctu Aedopmanuu U JIpyrux QpaktopoB. He3HauwWTelnbHOE CONMPOTUBICHUE TAKUX
JeTaei ObICTPOACHCTBYIONNM TUHAMUYECKIM Harpy3kam Oy1eT 0COOEHHO OITacCHBIM JIJIs
HUX.

[ToaToMy, 4TOOBI 3apaHee MPOBEPUTH CKIOHHOCTh MATEPUATIOB K XPYIKOMY
pa3pyIICHUIO, MX IMOABEPTatOT UCIIBITAHUSAM B YCIOBUSIX JEHCTBHSI YIAPHBIX HATPY30K.

OnpITaMH YCTaHOBJIEHO, YTO HAJIMYUE PE3KOTr0 MEPEX0/1a B CEUCHUAX U3JIETUH, a
TaK)K€ TMEPBBIX CJIEJAOB TMOSBICHUS TPEIIMH O0O0JIeT4aeT MPOSBICHUE XPYMKOCTH U
CIOCOOCTBYET MPEXKACBPEMEHHOMY pPa3pyLICHUIO MaTepHayia. Y HUCHBITYEeMBIX 00pa3IoB
JIENal0T ¢ OJHOW CTOPOHBI HaJpe3 C IIeJIbI0 BBhI3BaTh B 00pasiie MpU yJape pe3Kylo
HEOJHOPOJAHOCTh HANPSDKEHUN U 3aTPyAHUTH IUIACTHYECKYIO0 AedopMaIiuio, 4YToObI
00JIETYUTH OIEHKY CKJIOHHOCTH METajlia K MEPEeX0ay B XPYIKOE COCTOSTHHE.

JI71s1 CpaBHUMOCTH TOJTy4aeMbIX pe3yJIbTaTOB CTaHAapTU3yeTCs hopMa U pa3Mepbl
00pasIoB, HAJIPE30B, YCIOBUS UX MEXaHUIECKOH 00pabOTKH.

TpeboBanusi K BBIpE3KE 3aroTOBOK Juis 0OpasloB, WX KOJMYECTBO, MECTO

MoJIOKeHUss (00pas3Ibl MPOAOTBHBIC, TIONEpPEYHbIe, TaHTCHIIMAIbHBIC, paIUaTbHBIC)
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OTIPEACISIIOTCS CTaHAApPTaMU Ha HM3TOTOBJICHHUE H3ACIUN WM TEXHHUYCCKUMH YCIOBHSIMU
Ha MaTepHabl.

OO6pasiibl, BBIpE3aHHBIE MOMPEK BOJIOKOH, MEHEE YyBCTBUTEIBHBI K W3MEHEHUIO
(dbopMbI 1 pazMepoB 00pasiia, YeM B3AThIE BJIOJIb BOJIOKOH.

I'OCT 9454-60 ycTaHOBWII 1151 UICTIBITAHWIM HA MasiTHUKOBOM komipe 1, 2, 3,4, 5
TUITBI 0OPA3IIOB.

OcHoBHBIM siBIsIeTCs 0Opazer Tuna 1 (puc. 1).

5506 10247
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£12470 S S
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T w5
| 7
295142 i
|
55206 10241
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RI*01) 3 S
T =
|2
2r5t442 I
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'+ Ty o
Rr=407_ ] S
8
1z 2
23242 I = s
SEQ6 wrga  RAZE0005

2010

Y
\,&
2952042 /

f2487

ereom |
BN

2761842

Pucynok 1 - OOpa3upl i UCTIBITaHUI
JInst mosydeHust JOCTOBEPHBIX PE3yJIbTAaTOB MCHIBITAHUS HEOOXOIMMO TINATEIHHO
MPOBEPUTHh KA4YECTBO HU3TOTOBJICHUSI HAJpe3a M TOYHO KOHTPOJIUPOBATH €ro paspe3bl

IMTAHI'CHOUPKYJICM C KOHYCOM, UMCIOIICM LICHY ACJICHUSA 0,05 MM.

19



Jaxe HUYTOXHBIE JehEeKThl Ha TMOBEPXHOCTH HAJpe3a WM HE3HAYUTEIbHBIC
OTKJIOHCHHS OT CTaHAAPTH3UPOBAHHBIX PA3MEPOB MOTYT OKa3aTh CYIIECTBCHHOE BIUSHUC
Ha KOHEYHBIE pPe3yJIbTaThl UCIIBITAHMUS.

Ha pe3ynbraThl WCHBITAHUN OKa3bIBAIOT BIUSHUE U CIEAYIONIME (DaKTOPBHI:
T€OMETPUUYECKHE pa3Mepbl 00pas3IloB, PACCTOSHUE MEXKIY OIMOpPaMH, yTOJ 3a0CTPEHUS W
TOJIIIMHA HOXkAa, CKOPOCTh MAJIEHUsI MOJIOTa, TEMIIEpaTypa UCIIBITYyeMOoro oopasiia.

[Ipy ucnpiTaHWK Ha yAApHYIO BSI3KOCTh HAJIPE3aHHBIX OOPa3lOB 3aKOH MOA00MS
MOJTHOCTHIO HEMPUMEHHM, TaK KaK HE CYIIECTBYET MPOIOPIIMOHAIBHONW 3aBUCHUMOCTH
MEXIy IUIOIAJbI0 TIOMEPEYHOro ceueHuss obpasla W KOJIMYECTBOM  PpalOThI,
3aTpaymBaeMoi Ha €ro XpyIKoe paspymieHue. /(s reomeTpudecku mogo0HbIX 00pa3IioB
BEJIMYMHA YJAapHOM BSI3KOCTH BO3pPACTAET C YBEJIMYEHUEM pa3mMepoB oOpasmoB. C
YBEIUYCHUEM IIHUPUHBI 00paslia MpH OJWHAKOBBIX JIPYTUX pa3Mepax, yBEIHMUYUBACTCS
BIIMSIHUE HAJIpe3a U yAapHasl BI3KOCTh MOHMKAETCS.

VYBenuueHue IIUHBI 00paslia C YMEHBIICHHEM €r0 BBICOTHI CO CTOPOHBI Haape3a
MaJjio BJIUSIET HA BEIMYMHY YJIapHOU BA3KOCTH. bosbiioe 3HaueHne nMeeT HaOroaaromnias
yCTaHOBKa 00Opa3lla Ha omopax, HeOOXOJAMMO YTOOBI BEpIIMHA HaJpe3a HaXxOJujIach Kak
pa3 B OJHOM IUTIOCKOCTH C JIE3BUEM HOXKa MOJIOTA.

J171st IpaBUIIBHOTO PACIIONOKEHUS 00pa3a MPUMEHSIOT METAIUIMYECKUI 1a0JIoH,
KOTOPBIM JI0 WCIIBITAaHUS TPOBEPSIIOT CHMMETPUYHOCTh yYCTAaHOBKM oOpasia Ha Omopax.
[Inactuueckas  gedopmanusi  Haape3aHHOro  o0paslla Mpu  yAapHOM  U3THOe
COCpPEIOTAauMBAETCS TOJILKO Yy HaJpe3a B CpeiHel yacTu oOpasiia 1o ero JyIMHe, Mo3TOMY
00J1acTh pacmpocTpaHeHus: aAeGopMalvi B 3HAYUTEILHONW MEpe 3aBUCHUT OT (HOPMBI U
ITyOUHBI HaJIPE30B.

HcnbiTaTe/ibHbIE MAIIMHBI

JInsi McTIpITaHUST MaTepUajoB Ha yAAPHYIO BS3KOCTh MPUMEHSCTCS MAasSTHHUKOBBIN
korep tuna MK-30A (puc. 2) ¢ npenenbHbiM 3anacom 3Hepruu 30 krm. CKOpocTh HOXa
MasTHHKA JOJIKHA OBITh B Mpejienax oT 4 10 7 M/C, 9TO COOTBETCTBYET MOAHEMY HOXKaA B
MasiTHHKE Ha BbICOTY OT 0,8 10 2,6 M.

Komep cocTouT u3 4yryHHOM CTaHHUHBI C JBYMs BE€pPTHUKAJIbHBIMU CTOMKamu. B
BEPXHEN YaCTH ITUX CTOCK HA TOPU30HTAIBHOM OCH MOJBEIIEH TSXKEIbIN MASITHUK.

B Hauase ucnbITaHus €ro MOJHUMAIOT BPYUHYIO B BEPXHEE NCXOIHOE TTOJIOKEHUE

U yJIEPKUBAIOT B 3TOM IOJIOKEHUHU 3AILEITKOM.
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O6pazenr TOMENIAOT TOPHU3OHTAIHPHO Ha JBE CTaJIbHBIC OMNOPHI, KOTOPHIE
MPUBMHYEHbI BHU3Y K CTOMKaM MallvHbl. MaATHUK HWMEET MIKaly, IO KOTOPOH
ompeaeIsIeT Yroy IMnojabeMa Iocje u3jioMa obOpasia. s ocTaHOBKM oOpasiia CIyKHUT

CIIELIMAIIBHBIN TOPMO3.

J @
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Pucynok 2 - CxeMa ucnbeITaHus Ha yJIapHBIA U3TUO

IHopsinoxk npoBeaeHUsI HCIIBITAHUS

[Ipexne, 4eM NPUCTYIUTh K UCIIBITAHUSIM 00pa3lioB Ha KOIpe, HY>KHO TPOBEPUTH
MPaBUIBLHOCTh €ro paboThl. s 3TOro mogHuUMarT U (UKCUPYIOT Ha KaKOW-TO BBICOTE
MasATHUK Kompa. I[Ipm 3TOM pamka cO IIKAJIOH YCTaHaBIMBAETCS B OIPEACICHHOM
MTOJIOKEHUU, COOTBETCTBYIOIIEM 3allACEHHOM JHEPTHM MasTHHKA. [locie 3Toro MasTHHUK
OTITYCKAIOT, HE YCTaHaBJIMBasi 00pasell Ha OMOPbI KOIPa, U OH JOJKEH MOJHITHCS Ha Ty
e BBICOTY C KOTOPOM €ro OTIyCTHJIM M, €CIIM KOmep padoTaeT HOPMaIbHO, MOBOJOK
MasTHHKA TOJHUMET CTPEJIKYy MpuOOopa A0 HYJIEBOTO JEJCHUsS IIKalbl, TaK KaK SHEPIrus
MasTHHKA HU Ha 9TO HE pacXoayeTcs (eciau mpeHeOpeyb MOTepSIMU SHEPTUU HA TPEHHE B
OTopax OCU MasiTHUKA, HA COMPOTUBJICHUE BO3JAyXa U APYTUMH MOTEPU, KOTOPHIC OYEHB
MaJbl). Eciu ripu Takoi mpoBepKe CTpesika OCTAHOBUTCS HE Ha YPOBHE HYJIEBOTO JICTICHUS
IITKAJIbI, HEOOXOUMO BBISICHUTH IPUYHUHBI TOTO M YCTPAHUTH UX.

[lepen uUCHBITAHUSIMU HYKHO 3aMEPUThH IITAHTCHIUPKYJIEM C TOYHOCTBIO [0
0,1 MM mMpHUHY ¥ TOJIIMHY 00pa3OB B MECTE HaApe3a, TaK KaK IMPHU UX HU3TOTOBICHUU
BO3MOKHBI OTKJIOHEHUS OT CTAHJAPTHBIX pa3MepoB. Pe3ynbTaThl 3aMEepOB 3aHECTU B

Ta6JII/IHy HJIA IIPOTOKOJI HCIIBITAaHUU.
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[Tocie 3TOro MOKHO MPUCTYNATh K UCTIBITAaHUSAM. J[J1 ucnibITaHus 00pa3iia Hy>KHO
B3BECTH MAasATHUK, MPOBEPUTH IMOJOKEHHWE INKAIBI W YCTAaHOBUTH OOpa3er] Ha OMOPHI
kompa. OOpaser] ycTaHaBIMBAEeTCsl TakK, YTOOBI HaJpe3 ObLI PacloJIOKEH IOCepeauHe
PAcCTOSTHUSL MEXKAYy omopaMu (paccTosHHE MEXKTy omopamu kompa 40 MM) U MasiTHUK
yaapsii mo rpaHud oOpasiia, MPOTUBOIOJIOKHOW TOW, HAa KOTOpoul ciaenaH Haapes. [lpu
MPOBEPKE YCTAHOBKHM IIIKaJbl M YCTAaHOBKE 0O0pa3lla Ha Onopax MasTHHUK OO0A3aTEIbHO
JIOJKEH OBITh 3aKperieH (UKCAaTOpOM BO M30EKaHHWE CIydalHOro ero majeHus. [lpu
paboTe Ha Kompe HEeOOXOJIUMO IMOJL30BaThCI OrPaKJACHUEM, TaK KakK O0JOMKH oOpasia
MOCJIE Pa3pyIICHUSI MOTYT Pa3JIeTaThCs B pa3HbIe CTOPOHBI C OOJIBINION ckopocThio. [Tocie

paspylieHus: 00pasia Hy>KHO 3arucaTh paboTy pa3pymIeHHs.

3aganue:

1 3yuuTs:

1.1 cxeMy MasiTHUKOBOTO KOIIpa 1 00pasiia Mpu UCTIBITAHUH (C 3aPUCOBKOM);
1.2 onpeneneHue yaapHo# BA3KOCTH IO GopmyJie;

1.3 MeToauKy poBeI€HUS UCITBITAHUS.

2 IIpoBecTr HCIBITAHUSA HA YAAPHYIO BI3KOCTb.

3 Onpenenurs yaapHy BA3KOCTb C IIOMOIIBIO PACYETOB.

4 CnenaTh BBIBOJ 110 TIPOJIENIaHHOM padoTe.

5 Hamucatb oT4eT o paboTe B cOOTBETCTBUU C myHkTamu 1.1, 1.3, 3, 4.

JlaHHbIEe 17151 pacY€TOB:

0-yTOJI TIOJhEMA MAasTHHKA 0 UCIBITAHMS, 0=69°

B-yrou BBLIETAa MasTHUKA ITOCJIE UCIIBITAHUH, B=6"

L-nnuHHa nieya MasiTHUKA, paBHa 2,1 M

P-Bec masTHHKA, paBeH 7 K

b-IIMHHA TpaHU KBaJApaTHOTO ceueHus oopasna, pasHa 0,002 m
F-ILT01Ia 1b [IOMIEPEYHOT0 CeYeH s KBaapaTHOro obpasia (M) F=b’
H-BrIcoTa moapéMa MasiTHUKA 10 UCTIBITAaHUH (M)

h-BBICOTa BBUTIETa MAasITHUKA TTOCJIEC UCTIBITAHUN (M)

A,-pabora, onpenensemas pacdeTHo (JIx)

KCU-ynapHas BSI3KOCTb ompeensieMast pacuétro (JIx/v’)

22



PacueTtHas yacthb:

VY napHast BA3KOCTb ONPEAEISIETCS C TOMOIIBI0 (OPMYJIBL:

A
Key="L
F (1)
Pabota no uznomy o6pasiia onpeaensercs no Gopmyiie:
A=P(H-h) )

BricoTa mompéMa MasgTHUKA 0 UCTIBITAHUS OMIPEACIIICTCS C TOMOIIBIO (hOPMYJIBI:
H=L(1-cosa) (3)
BricoTa BblIeTa MagTHUKA TIOCIIC UCTIBITAHUS

h=L(1-cosp) (4)

KoHTpo/ibHbBIE BOPOCHI:

1 Onpenenenune BI3KOCTH.

2 Omnpenenenue yaapHou Bsa3koctu (hopmyia).

3 YCTpOHCTBO M MPUHITUIT I€MCTBUS MasSTHUKOBOTO KOTIpa.

4 MeTtoauka onpeaeneHns yIapHOU BSI3KOCTH METajlla Ha MassTHUKOBOM KOIIpE.
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IIpakTuyeckas padora
Tema: IlocTpoenue 1uarpaMMbl COCTOSIHUS CUCTEMbI

Henb paGoThl: 03HAKOMHUTBHCS C METOAMKOM MOCTPOEHUS AHArpaMM COCTOSIHHS

JABYXKOMIIOHCHTHBIX CUCTCM

3ananue:

1 I3y4uTh OCHOBHBIE CBEACHUS

2 BeryepTuTh quarpaMMy COCTOSTHUSI CUCTEMBI CyphbMa-CBUHEIT

3 OOBSCHUTHh K KaKOMY THUITy OTHOCUTHCSA JaHHAs CUCTEMa M OIUCATh XapakTep
W3MEHEHHS COCTaBa CIJIaBa

4 CnenaThb BBIBOJI O IIPOJICJIaHHOM paboTe

5 OpopMuUTh MMCEMEHHBIN OTYET 1O paboTe

OcHoBHBIE CBeIeHHS

CraBbl - ATO CJIOXKHBIE BEIIECTBA, MOJYUYEHHBIE CIUIABIICHUEM IBYX U OoJjiee
KOMITOHEHTOB.

CrpoeHne cmaBa  3aBUCUT OT TOr0o, B KakKW€ B3aWMOJICHCTBUS BCTYNAIOT
KOMITIOHEHTBI, o0Opa3yiolue cruiaB. B cBsi3u ¢ 3TUM MOTYyT OBbITb 00pa3oBaHbl TPU BHUAA
CIUTABOB: MEXaHUYECKHUE CMECH, TBEPIbIE PACTBOPHl M XUMHUYECKUE COCTUHEHMUSI.

CmnaB cuctembl Pb - Sb  oTHOocuTcs k crmaBaMm Tuma "MEXaHMYECKHE CMecH'.
Mexanuyeckas cMecb 00pa3yercs TOrjaa, KOrjJa KOMIIOHEHTHI, O0Opa3yrollue CIulaB,
B3aMMHO PAaCTBOPHUMEI B )KHIKOM COCTOSIHHH, HE PACTBOPUMBI B TBEPIOM COCTOSIHIH U HE
00pa3yroT XUMHUECKUX COSTUHEHU.

Oco0EeHHOCTh KPUCTAJUIM3ALIUH CIJIABOB THUIIA MEXAHUYECKHE CMECH PACCMOTPUM
Ha mpumepe cmaBoB Pb-Sb  ciemyromiero cocrana:

1.5% Sb u 95% Pb

2.13% Sb u 87% Pb

3.30% Sb u 70% Pb

KpuBbie oxnaxaeHus 3TUX CIUIABOB MPEACTABICHbI HA pUCyHKax 1.2.3 .

Kpusas oxnaxnenns cruiaBa u3 5 % Sb u 95 % Pb cocTonut n3 geTbipex y4acTKkoB

(pucynok 1): 1 - oxymaxkJaeHue cIulaBa B JKMJIKOM COCTOSHUHU; 2 - KpUCTAJUIU3aLUs

n30bITouHoro komrnoneHnta (Pb) B uutepBane temneparyp— (I- T,; 3 - omHOBpeMeHHas
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KpHCTAJUIA3allMs CBUHIIA U CYpbMBI IIPH MOCTOSIHHOM Temrieparype T ,; 4 - oxJiaxaeHue
CILJIaBa B TBEPJOM COCTOSIHUMU.

Kpucrannuzanus crijiaBa HauuHaeTcs rnpu temneparype T (BEpXHssl KpUTHYECKas
TEeMIIepaTypa) U MPOTEKAET IPU MEPEMEHHOM TeMriepatype 10 T, (HWXKHSS KpUTUYeCcKas
temneparypa). B uatepsane temneparyp T -T, U3 XKUAKOCTU BBIICISIOTCS KPUCTAIIIBI
n30bITOUHOTO KOoMmmoHeHTa (Pb).

Ecnu U3 )kuaKoCcTH BRIIETSIOTCS KpUCTAIUTBI Pb, To kKoHTIeHTparus Pb B xumkoit
(daze ymenblaercs, a KoHieHTpauus Sb B kuakoi ¢daze ypenuuuBaercs. B mpoiiecce
KPUCTAJUTM3AIIMY KOHIICHTPAIIUSI KOMIOHEHTOB B JKUJIKOU (pa3ze u3MEHSIETCS U CTPEMHUTCS
Kk Takoil konuentpamuu (13% Sb u 87% Pb), xorma ob6a kommonenta Pb u Sb u3
KUJKOCTH KPUCTAJUIM3YIOTCS COBMECTHO. OJIHOBPEMEHHASI KPUCTAJUIM3ALMSA CYpbMBbI H
CBHHIIA TPOTEKAET MPHU MOCTOSHHOM TEMIIepaType.

B cmnase, comepxamem 13% Sb u 87% Pb, u3 xunkoit dasel npoucxoaut
OJIHOBPEMEHHAsI KpHUCTAJUIM3alMs O0OMX KOMIIOHEHTOB (pucyHOK 2). B pesynbrare
oOpasyercs OJMHOpPOAHAs MeXxaHuueckass cmech. CTPYKTypa, COCTOAIIAs W3 JBYX WIIU
O0onee TBepAbIX (a3, OJHOBPEMEHHO KPUCTAJUIM30BABIIMXCS W3 KUJKOCTHU, HA3bIBAETCS
3BTEKTUKOM.

B crunase, coaepsxkamem 30% Sb u 70% Pb, nporiecc kpuctaiu3anuy HAaUMHACTCS
npu temmeparype T,. U3 xumkoit (a3pl HAYMHAIOT KPUCTAIM30BATHCS KPHUCTAIUIBI
KOMITOHEHTa, HaXOJSMIErocss B M30BITKE OTHOCHUTEIHHO JBTEKTUYECKOW KOHIIEHTpAIUU,
T.€. Sb (pucyHok 3). Eciii 13 )KUJIKOCTH BBIJEISIOTCS KPUCTAIUIIBI CYPbMBI, TO B IPOIIECCE
KpUCTA/UTM3allid  kuakKas (¢da3a oOoramaercs CBUHIIOM. Korma KOHIIGHTpaIws
KOMIIOHEHTOB B JKMJIKOH (ha3e JOCTUTHET IBTEKTUUYECKOM KOHIIeHTpanuu (T.€. 13% Sb u
87% Pb), TO HayHeTCs COBMECTHAas KpuUCTaUM3alUMsg OOOUX KOMIIOHEHTOB TMpHU
MOCTOSIHHOW Temreparype 1.

KpuBble oxJaxaeHus TMOKa3bIBalOT, UYTO BCe cCIUiaBbl cuctembl Pb - Sb
OKOHYATEJIbHO 3aTBEPACBAIOT MPH IMOCTOSAHHOUN Temmeparype - 1 DTO JaeT OCHOBaHHE
CUYUTATh, YTO 3aTBEP/ICBIIIAs IPU MTOCTOSTHHOU TemnepaType - T , 4acTh )KUJKOTO CIlJlaBa
MMeeT MOCTOSIHHBIN cocTaB. TakoMy COCTaBy COOTBETCTBYET CIUIaB, cojepsxkamuii 13 % Sb
u 87 % Pb. Jlng craBoB THNa MEXaHMYECKHE CMECH TeMIleparypa KOHIIA

KpUCTAJUIN3alINH HC 3aBUCHUT OT KOHICHTpPAIMU CIlJIaBa, OHA ITOCTOAHHA JJIs1 BCCX CILJIaBOB.
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Temneparypa Havana KpUCTaUIU3AIMU M3MEHSIETCS B 3aBUCUMOCTH OT KOHIICHTPAIUU
KOMITOHCHTOB B CITJIaBE.
IlocTpoeHnue 1uarpaMmbl COCTOSIHUSI

JuarpaMma COCTOSIHUSI TIpEACTaBIsieT cobOoi Tpaduueckoe u300pakeHue
COCTOSIHHS CTUTaBa B 3aBHCHMOCTH OT TeMIIEPaTyPhl M KOHIICHTPAIIMH KOMITIOHEHTOB.

JluarpamMma cOCTOSIHUS MOXKET ObITh TOCTPOEHA IO TAHHBIM KPUBBIX OXJIAXKICHUS
CIUIABOB PA3JIMYHOIO COCTABA.

JlnarpaMMy COCTOSIHHMSI CIUIaBOB, COCTOSIIIUX M3 JBYX KOMIIOHCHTOB, CTPOSIT B
KOOpJMHATAX «TemIeparypa — KoHIeHTpanus» (pucyHok 4). Ilo ocu opaunat
OTKJIQJBIBAIOT TEMIIEpaTypy, Mo OCu abcumcc - KOoHIeHTpanuto. OOIee coaepikaHue
oboux kommoHeHTOB B ciuiae paBHO 100 %. Ilo ocu abcumcc or O nmo 100 %
YBEITUYMBAETCS KOHIIEHTpanus Sb B cIuiaBe, cie10BaTelbHO, KOHIIeHTpalus Pb B criase
Oyzer Bo3pacTaTh crpaBa HalleBo. TakuM oOpa3oM, KpalHWE OpJMHATHI COOTBETCTBYIOT
9UCTBIM KOMIIOHeHTaM Pb u Sb. Ha ocu opamHAT B TOUKax, COOTBETCTBYIOIIMX YUCTHIM
KOMITOHEHTaM, OTMEYalOT 3HaueHus Temmeparyp Kpuctaiumszanuun Pb u Sb. 3arem Ha
OCHOBaHUHU IMPOBEACHHOTO TEPMHUYECKOTO aHaiu3a ciiaBoB Pb - Sb ¢ paznuunbiM
COJIep’)KaHHEM KOMIIOHEHTOB CTPOSIT KpPHBBIC OXJIKICHUS C IEIbI0 OMpPEIeICHHUS
TEeMIIepaTypbl HaYaJla KpUCTAIUIM3auuu T U KOHIIa KpucTamu3anuu T,.

3navenus temmeparyp — T} u T, mius Kaxaoro ciuiaBa HaHOCSAT Ha BEPTHUKAJb,
COOTBETCTBYIOIIYIO KOHIICHTpalMu JaHHOrO ciuiaBa. CoOENUHSIOT —TeMIepaTyphl
KPUCTAJUTM3AIMA YHUCTBHIX METAJIOB M TEMIEpaTyphl Hadaia Kpucraumsauuu - T,
IJIaBHOW JInHUEN. KpuBasi, oTBeyaromas Hayaiay paBHOBECHON KPUCTAJUIM3ALUH CIUIABOB,
Ha3bIBaeTcs JuHuel mukBuayc (ACB).

KpuBas, npoBeneHHas yepe3 TOUKH KOHIA KPUCTAUTU3AIMY, HA3bIBACTCS TUHUEH
commuayc (JICE).

Bellie nMUHUM JIUKBUAYC CIUIAB HAXOAMTCS B JKUJIKOM COCTOSIHUM, HIKE JIMHUU
conupayc - B TBepaom. Crunas, conepxkammii 13% Sb, siBisieTcst sBTekTrueckuM. CrijiaBbl, B
KoTopbiXx Sb wmeHbie 13%, Ha3bIBAIOTCS JIOIBTEKTUUECKHMMHM; €CIU cojepkaHue Sb
oonpie 13%, - TO Takue CIUIaBbI SBIISIOTCS 3a9BTEKTUYECKUMU.

B  nosBTrekTMueckmx crmuaBax HWke JuHUM AC  HaYMHAETCS  MPOIECC

KpucTaJluin3alunu, U3 ;KUJAKOCTH BBIACIIAIOTCA KPUCTAJIIbI Pb, B 3a3BTCKTHUYCCKHUX CIIJIaBax
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Hwke nuHun GB Bwimensitoress kpucramibl Sb. CrnenoBarensHo, B oOmactu ACJ|
cymecTByIOT niBe (pa3br: XK + Pb, B o6mactu CBE: K + Sb.

B mporecce kpuctauMzaldyd JTOIBTEKTHUECKUX M 3a3BTEKTHUUECKUX CIUIABOB
KOHUEHTPALUS KUAKOHN Pa3bl U3MEHsIETCs U cTpeMHTcs K aBTekThnueckoi. Ha muaun JICE
U3 KUJIKOCTH IBTEKTUYECKOIN KOHIICHTPAIIMU OJJHOBPEMEHHO BBIJICISIFOTCS] KPUCTAILTHI Pb
u Sb, T.e. kpuctamuzyetcs 3BTekTHKa JK,— Pb +Sb.

CBsi3b MeK1y CBOICTBAMH CIIABOB M THIIOM JHATPAMMBI COCTOSIHUS

Tak Kak BUJI JUarpaMMbl, TaK’K€ KaK U CBOMCTBA CIIaBa, 3aBHUCHUT OT TOr0, KAaKHe

COEIMHEHUS WM Kakue (pa3bl 00pa3oBagym KOMIIOHEHTHI CIIaBA, TO MEXy HUMU JOJIKHA

CYILIECTBOBAaTh OIpPEJEICHHAass CBsA3b. OJTa 3aBUCUMOCTh YyCTaHOBJIEHa KypHakoBbIM

(pucyHok 4).
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PucyHok 4 - CBsA3b MEX1y CBOMCTBAMH CILUIABOB U TUIIOM AUArPAMMBbI COCTOSIHUS

[Ipu 006pa3zoBaHNM MEXaHUYECKHUX CMECEH CBOMCTBA U3MEHSIOTCS 10 JIMHEHHOMY
3aKOHY. 3HAUYEHHsI XapaKTEpUCTUK CBOMCTB CIUJIaBA HAXOMATCA B HMHTEPBAIE MEXKIY
XapaKTEepUCTUKAMHU YUCTBIX KOMIIOHEHTOB.

1 IIpu oOpa3zoBaHMU TBEPIBIX PACTBOPOB C HEOTPAHMUYECHHON PACTBOPUMOCTHIO
CBOWCTBA CIUIAaBOB M3MEHSIOTCS 1O KPUBOJMHEMHOW 3aBUCHMOCTH, NPHUYEM HEKOTOPBIE
CBOWCTBA, HAIPUMEP, JJIEKTPOCONPOTUBICHUE, MOTYT 3HAYUTEIBHO OTJIMYATBCA OT
CBOMCTB KOMIIOHEHTOB.

2 Ilpu oOpa3oBaHHMM TBEPABIX PACTBOPOB C OrPAaHUYEHHON PacCTBOPUMOCTHIO

CBOMCTBa B MHTEpBaJIe KOHIIEHTpAIMH, OTBEYAIOIINX 0JHO(pA3HBIM TBEPIbIM PAaCTBOpaM,
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U3MEHSIOTCSI 10 KPUBOJMHEMHOMY 3aKOHY, a B JABYyX(a3HOM 00JacTh — MO JIMHEHHOMY
3akoHy. [IpudeM kpailiHMe TOYKM Ha TPSIMOW SBISIFOTCS CBOWCTBAMH YHCTHIX (a3,
IIPEETbHO HACBIILIEHHBIX TBEPBIX PACTBOPOB, 00PA3yIOLIUX TAHHYI CMECH.

3 Ilpum oOpa3oBaHMM XHMHYECKHUX COCAMHEHMM KOHUEHTpPALUs XUMUYECKOTO
COEAMHEHHS] OTBEYAET MAKCMMyMy Ha KpPHUBOW. JTa TOYKAa MEPEIOMA, COOTBETCTBYIOIIAS

XUMHUYCCKOMY COCAMHCHUIO, HA3bIBACTC:A CI/IHFyHHpHOﬁ TOYKOM.

JlOTIOTHUTENBbHEIE 3a/IaHUS.

1 Ilonw3ysick auarpaMMol COCTOSIHHS CIUIaBOB cuctembl Pb — Sb, onwumure
MpEeBpaIECHUS, KOTOPBIE MPOUCXOAT B cIuiaBax, coctosammux u3 10% Sb u 90% Pb, 80 %
Sb u 20% Pb, oxnaxmaeMblXx W3 PpaCIUIaBICHHOTO COCTOSIHUS JI0 KOMHATHOM
TeMIEePaTyphl.

2 Ilonw3ysich pAuarpaMMoil COCTOSIHMS, OIPEACIUTE TEeMIIepaTypbl Hadaja
KpUCTAJUTH3AIlN CIUIaBOB, cocrosmmx u3: 13 % Sb u 87% Pb ,40 % Sb u 60 % Pb.

[TocTpoiiTe 11t ITUX CIUIABOB KPUBBIE OXJIAXKICHUS.

OdopmiieHne NMCLMEHHOT0 0TYETA:

1 Tema paboTbl

2 Ilenb paboThI

3 BbluepTuTh JuarpaMMmy COCTOSIHHMSI 3aJaHHOM CHCTEMBI CBHUHEI-CYpbMa,
OOBSCHUTH K KAKOMY THUITY OHa OTHOCHUTHCH.

4 Onucarb nOpeBpalieHUs, KOTOPbIE MPOUCXOJAT B CIUIABE NPU 3aJaHHOU
KOHIIEHTPAllUX KOMIIOHEHTOB.

5 BreiBOZ

KonTpoabHbIE BONIPOCHI:

1 YUro Ha3pIBaIOT CrjiaBoM?

2 Kakue craBbl Ha3bIBAIOT JIBOMHBIMU?

3 B kakux KOOpAMHATaxX CTPOUTCS AMArpamMma COCTOSIHUS JBOWHBIX CILJIABOB?

4 Kakoe MpakTUYECKOE 3HAYEHUE HUMEET 3HAHUE KPUTUYECKUX TOYEK BCEX
CIUTABOB JIaHHOW CUCTEMBI?

5 Uto xapakTepu3ylT JUHUM JIMKBUJyCAa U COJIMAYCAa U KaK OHU CTPOSITCA?

6 Kak cTtposTcs nuarpamMmbl COCTOSIHUSI JIBOWHBIX CIUIABOB?
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TemMnepartypa

XK+ Pb

‘}KePbJer

Pb +Pb + Sb)

v

Bpems

PHCYHOK 1 - KpI/IBa}I OXJIAXKACHUA JOOBTCKTHYCCKOTI'O CIIJIaBa
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Temnepartypa

XK— Pb+Sb

—
A
©

(Pb + Sb)

Bpems

Pucynok 2 - Kpuast oxnaxaeHusi 5BTEKTHYECKOTO CIIaBa

v

30



—
N

Temnepatypa

Sb +(Pb + Sb)

Bpewms

PucyHnok 3. KpuBast oxJy1axxaeHusi 3a3BTEKTUYECKOIO CIIJIaBa

v
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IIpakTHyeckas padora

Tema: HOCTpOGHI/Ie U U3YUYCHUEC THArPpaMMBbl COCTOAHUA CUCTEMbI

«©KeJIe30-yrJjiepoa»

Heab padoTbi: M3yunTh quarpaMmmMy COCTOSIHUS JKEJIE€30YTJIEPOAUCTHIX CILIABOB,
MOJTYYUTh HABBIKA PA0OTHI C THArpaMMO I onpenesieHns (pa3oBOTO U CTPYKTYPHOTO
COCTaBa CILIABA.

3ananue: BrpiuepTurh OUMAarpaMMy COCTOSIHHSI  YKEJE30-YIVIEPOJ, OIHCATh

CTPYKTYPHBIE IIPEBPALIEHHUS C 3aJaHHBIM COJAEPKAHUEM YIIIEPOa.

OcHOBHBIE 10JIOKEHHS

JluarpamMma >Kene30yTIAEPOIUCThIX CIJIABOB MOXKET OBITh MPEACTaBICHA B JIBYX
BapUaHTax: METaCTaOWIBHOM, OTPaXKAIOIIEM MPEBPAICHUS B CUCTEME <OKeJIe30-KapOu/T
Kele3a», U CTaOUIBPHOM, OTpaKarolleM MPEBPAIICHHS] B CHUCTEME <OKENe30-TpaduTy.
HauGonpiiee mpakTUdeckoe 3HAYEHHWE WMEET JuarpaMMa COCTOSIHHS «KeIe30-KapOoua
&Kesezan, T.K. JUIsl OONBIIMHCTBA TEXHUUECKUX CIIABOB MPEBPAICHUS PEATU3YIOTCS 10
ATOU JUarpamMme.

Kap6uyn xeneza (Fe;C) Ha3pIBalOT IEMEHTUTOM, IMOATOMY METACTaOMIIbHYIO
JIUarpaMMy Kejne30yTriIepoJUCThIX CIIJIAaBOB HA3bIBAIOT IMArPaMMOM COCTOSIHUSI «KEIe30-
nementut» (Fe-FesC). Ha pucynke 1 mpencraBieHa gumarpamMma COCTOSIHUSI CHUCTEMBI

CIUTIaBOB KEJIe30-yTIIEPO/I.

AHaJIU3 IMarpaMMbl 2KeJ1e30-yIJiepos

Huarpamma cocrossausi (Fe — C) otpakaer cinoxHbI (a30oBbli cOCTaB
KEJE30yIIIEPOJUCTHIX CIJIAaBOB, IIOCKOJIBKY B 3THX CIUIaBaX IPEBPALEHUS TPOUCXOIAT
HE TOJBKO B XKMJKOM, HO M B TBEPJAOM COCTOSHUH. AHalIW3 AWAarpaMMbl B HACTOSIIEH
paboTe TPOBOAUTCA MO YNOPOIIEHHOW cxeme. Hwke mNpUBOAATCS OCHOBHBIC
XapaKTEPUCTUKA KOMIIOHEHTOB CUCTEMBbI KEJIE€30-YIIIEPO.

XK e ne 3 o — mMetaul NepexoAHON TPYIIbI, CEpeOPUCTO-CEPOro I[BETa, OYEHb
IJIaCTUYHBIA, ¢ Temmeparypoid masiaeHus 1539° C. JKeme3o HMeeT HECKOIbKO

ajgtoTponuueckux moaudukanuil. [Ipm HOpMmalibHON TemmepaType >Kelie30 HMEET
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00BEMO-LIEHTPUPOBAHHYIO KPUCTANIMYECKYIO pEIIeTKYy U oOo3Hauaercs Fe - o . o —
’Kele30 o0JaiaeT CUIIbHO BRIPAKECHHBIMA MAarHUTHBIMU cBolicTBaMu. [Ipu Temmnieparype
768° C (Touka Kropn) xkesne3o TepsieT MarHuTHbIE CBOMCTBa. Kpucramindeckas pelieTka
IIPU 3TOM HE MEHSETCd — AJUIOTPONMYECKOTrO NpeBpalieHuss He npoucxoaut. [lpum
temriepatype 911° C npoucxoauT amioTponu4eckoe npeBpaileHue xene3a. Kyonueckas
00BEMO-LIEHTPUPOBAHHAS pEIIETKa MEPEXOAUT IPHU ITOW Temmeparype B KyOHUYECKYyrO
rpaHelEeHTPUPOBAaHHYIO pemieTKy. Takoe jkene3o obo3Hauaercss Fe - y. y — xene3o
MMeEET BBICOKYIO MJIACTUYHOCTD U BSI3KOCTh, OHO HEMATrHUTHO.

Y riepo1— HeMeTaUIMYEeCKUu 3J1EMEHT ¢ TemnepaTtypou miasierus 3500° C.
Yrnepoa uMeeT TpH auIoTponudecKue MoauduKaium: anmas, rpadut u yroias. B popme
anMasa u yris B METaNIMYeCKUX CIJIaBax yriepo] He mpucytctByer. B dpopme rpadura
B IPOMBIIUICHHBIX CIUIaBaX YTJEPOJ BCTPEYAETCS TOJBKO B CEPhIX YyIyHax.
Kpucramnuueckass pemierka rpadura — rekcaroHaidpHas. Yame  Bcero B
KEJIEe30yIIIePOAUCTBIX CIUIaBaxX YIJEpOJ BCTPEYAETCS B BHJE TBEPIBIX PacTBOPOB
BHEJIPEHUSI B O- U Y- XKEJE€30, a TaKK€ B BUIAE XUMHUYECKOro coeaumHeHus Fe;C —
LIEMEHTUTA.

dazamu CIuIaBa SBIAIOTCS:

® e pput(D)— TBepaAbIi pacTBOP BHEAPEHUS yriepoaa B o, — xkeje30. Depput
uMeeT  KyOMYecKyr0o  00OBEeMO-LIEHTPUPOBAHHYIO  KPUCTAIMYECKYIO  PEIETKY.
MakcumalibHasi pacTBOPUMOCTD yIJiepojia B o — xkene3e paBHa 0,25% npu temnepaType
727° C; MuHMMalIbHast TIpu KOMHaTHOU Temmeparype — 0,01% .

A ycTeHnurt (A) — TBepIblil pacTBOp yriepoAa U APYrux MpUMEced B -
xKemese.  AYCTEHUTY Ipucylla KyOudeckass TpaHELEHTPUPOBAHHAs  peIleTKa.
PacTBOpuMOCTE yriepoga B ayCTEHUTE MEHSETCS B 3aBUCHUMOCTH OT TEMIIEPATypPbI
criaBa. Tak, npu temnepatype 1147° C B ayctenure pactBopsiercs 10 2,14% yriepona,

a ipu temreparype 727° C — tonbko a0 0,8%.
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Pucynok 1 - /lnarpamma cOCTOSIHHS CUCTEMBI CILIaBa <«GKEIIE30-yTIEPOI»

[HewmenTurt(Il)— xapoun xxenesza Fe ;C, xumuueckoe coeTMHEHHE KeTe3a ¢
yriepoaoM, cozaepxkamiee 6,6% yriepoga. OOnagaeT CIOXHOM KpUCTALUIMYECKOM
pemetkoit. Paznuuarotr nepsuunviii yemenmum (111) — KOTOpBIA KpHUCTAUIU3YETCS W3
KUAKON (a3l y BCeX KeNe30yTIepOAUCTHIX CIUIABOB, COJEPKAlIUX Yriepoa Oosee
4,3%; emopuunsiii yemenmum (112), BbIACISIIOMUNICS NPU BTOPUYHOM KPUCTATUIM3ALNHU
13 ayCTeHUTa B HHTEpBaje temmeparyp ot 1147 no 727° C, u mpemuunsiii yemenmum
(I13), obpasyromuiics 3a CYeT MEPEMEHHOW pacTBOpUMOCTH (eppuTra B HHTEpBAIEC
temneparyp Huxe 727° C.

[Tepaurt (IT) — 3BTeKTOUIHAS MEXAHUYECKAsI CMECh, COCTOSIIIAs U3 ABYX (a3:
depputa u uementuta. llepaut obpaszyercs mpu pacnage ayCTEHHUTa 3BTEKTOUTIHOTO
cocraBa (0,8%) npu Temnepatype 727° C. ConmepxaHue yriaepoja B IEepiuTe AJIs BCEX
KEJIE30yIIIEPOUCTHIX CIIJIAaBOB IMOCTOAHHO U paBHO 0,8%.

JJeneOypurt (JI)—aBrekTuueckas cMech, 00pa3yromiasics U3 KUK ¢asbl,
conepxamieit 4,3% npu temreparype 1147° C. JleneOyputr coctout u3 ABYX (a3 —
aycteHuta u nementurta. Ilpu temmneparype 727° C BchaeacTBUE aUIOTPOMUYECKHUX
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npespainennii (Fe,-Fe,) mpoucxoaur nepekpucraumsanys Jie1e0ypura ¢ 00pazoBaHHuEM

CMECH, COCTOSIIICH U3 3CPCH IICPJINTAa U HCMCHTHUTA.

Boime nuaun ACD (pucyHok 1) Bce cIijlaBbl HaXOASATCS B KUJIKOM COCTOSTHUH.

Omna HazbIBaeTcs IMHUEH —JI M K B U 1y ¢. Huxe muanu AECF, Ha3piBaeMoii co T u 1y

C, BCC CIliaBbl CHCTEMBI IIOJIHOCTBIO KPUCTAUIM3YIOTCA MW HaAXOAATCA B TBCPAOM

cocroaHuu. l['opuszoHTtanpHbie JuHUM ECF u PSK, COOTBETCTBEHHO Ha3bIBaIOTCS

JUHUSAMHU OBTCKTHUYUCCKHUX U ODBTCKTOMHNOHDBIX HpeBpameHHﬁ.

Tabnuua 1 - @a3zoBble IpeBpalICHHs Ha JIMHUSX [0 AMarpaMMe xKene30-yriiepo.

JInann @Pa30Bble NPEBPALICHUS HA JINHUAX Ilepeuenb
(pU OXJIAXKCHUN) da3

AC Hauvano BeiaeeHUs ayCTEHUTA U3 )KUJIKOCTU A+XK

AE Komnern BeiaeneHns ayCTeHUTa U3 AKUJIKOCTH A+HK

EC Komner BeiiesieHHs ayCTEHUTA U3 KUJIKOCTH U 00pa3oBaHue A+II+HXK
nenedypura

CD Hauano BeigeneHus: ueMeHTuTa (IIEpBUYHOTO) U3 KUJIKOCTH K+

CF Kone1 BbiieIeHUS IIEMEHTUTA U3 )KUJKOCTU U 00pa3oBaHue K++A
nenedypuTa u3 KUJIKOCTH

ECF Oo6pazoBanue jenedypura U3 KUIKOCTH KA+,

GS Hauano Beienenns ¢peppura u3 ayCTCHUTA A+O

GP Kownen Boienenus epputa U3 ayCTeHUTa A+

PS Konern Beiienenus gpepputa u3 aycTeHUTa 1 00pa3oBaHUE A+O+H],
MEPJINTA U3 AYCTEHUTA

PSK OO6pazoBaHue MepauTa U3 ayCTeHUTA A+O+I]

SE Hauano Bbiienienus ieMeHTUTa (BTOPUYHOTO) A+

SK Konel BblieeHUs HEMEHTUTA (BTOPUYHOI0) U3 ayCTEHUTA A++O
oOpa3zoBaHue MEepPUTa U3 ayCTEHUTA

PQ Hauano Bbienenus ieMeHTuTa (TpeTuyHoro) u3 dheppura O+1]
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Coaep:xaHue NHCbMEHHOI0 0TYETA:

1 Tema paGoTbI

2 Ilens paboThl

3 3amanue

4 BpraepTuTh IHArpaMMy COCTOSIHHSI CHCTEMBI CIUIABOB JKEJIE30-YIVIEPOX M
OIMCAaTh CTPYKTYpHBIE IIPEBpAIlEHUsA B CIUIABE C 3aJaHHOM KOHIICHTpalUEu
KOMIIOHEHTOB

6 BriBog

KoHTpoJibHBIE BONPOCHI:

1 ®a3bl xKene30yriaepoaUCThIX CIIJIaBOB

2 KOMITIOHEHTHI K€eJI€30YTIEPOIUCTHIX CILIABOB

3 B kakux KOOpAMHATax MOCTPOEHA IUarpaMMa COCTOSIHUSI CHUCTEMbI KEJE30-
yriepona?

4 Onucarb CTPYKTYpPHBIM COCTaB CIUIaBa BBIINIE M HUXE JIMHUU COJUAYC U

JJUKBUAYC
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IIpakTHyeckas padora

Tema: Boi0op Buaa TepMo0o0padOTKH /IS AeTajieil U HHCTPYMEHTOB

Hean padoThl: MOMyYeHUE MPAKTUYECKUX HABBIKOB PELIECHHUS 3a/1a4 10 BIOOPY

BHJa TepM006pa6OTKI/I I[GTEUICﬁ N HHCTPYMCHTOB.

OcHoBHbBIE TeOpeTHYECKHE CBeeHHS

Tepmuueckoii 00padoTKON HA3BIBAIOT COBOKYIIHOCTH OIEpAallMid HarpesBa U
OXJIAKJEHUS CIUIAaBOB IO OMPEACIEHHOMY PEXHUMY C ILENbI0 TMOMyYeHUs TpeOyeMbIX
CTPYKTYpP U CBOMCTB CIUIaBOB.

CpoiicTBa cIUIaBa 3aBUCAT OT €ro CTPYKTypbl. OCHOBHBIM CIOCOOOM,
NO3BOJIAIOIIMM H3MEHSTh CTPYKTYpy, a, CJEI0BaTelbHO, U CBOICTBa SIBJISETCS
TepMHuueckast 00paboTka.

Paznmuuaror cnemyromniye BUAbl TEPMUIECKONH 00pabOTKU:

1 Orxur 1 poga — BO3MOXEH s JIFOOBIX METAJIJIOB U cIu1aBoB. Ero mpoBeneHue
He 0O0ycioBieHO (ha30BBIMH TMPEBpAIICHUSIMH B TBEPAOM cocTosHMU. Harpes, mpu
OTXKHIe TEPBOrO PO, MOBBIMIAS MOJBUKHOCTH aTOMOB, YAaCTUYHO WIIU IMOJHOCTBHIO
YCTpaHseT XWMHUYECKYI0 HEOJAHOPOIHOCTb, YMEHBIIACT BHYTPEHHEE HapPsDKEHUS.
OcHOBHOE 3HaU€HHE MMEET TeMIlepaTypa HarpeBa U BpeMs BBIIECPKKU. XapaKTEpPHBIM
ABJIIETCS. MEAJIEHHOE OXJIaXK/IeHHEe. Pa3HOBUTHOCTAMHU OT>KUTa MIEPBOTO POJA SIBISIFOTCS:
G Gy3MOHHBINA; PEKPUCTATUIM3AIMOHHBIN; OTKHUI JJIi CHATHUA HAIPSHKCHHS TOCIHe
KOBKH, CBApKH, JINThSI.

2 Orxur II poga — OTXHUr METaUIOB M CIUIABOB, UCHBITHIBAIOUINX (ha30BbIC
MPEeBpAICHUST B TBEPAOM COCTOSHUHM TMPHU HArpeBe W OXJaxiaeHuu. [IpoBomgutcs s
CIJIABOB, B KOTOPBIX UMEIOTCS MOJTUMOP(HBIE WM HBTEKTOUIHBIE MPEBPAILICHHS, a TAKKE
NEepPEeMEHHAsT PacTBOPUMOCTh KOMIIOHEHTOB B TBEPAOM COCTOSHUH. [IpoBOJSAT OTKHT
BTOPOTO pOJia C LEJIbI0 TOTyUueHus: 60jIee paBHOBECHOM CTPYKTYPHI U TIOJTOTOBKH €€ K
nanpHenme obpabotke. B pesynbrare OTKUTIa U3MENbYAETCS 3€PHO, IMOBBIIIAIOTCS
MJIACTUYHOCTh M BS3KOCTh, CHID)KAIOTCSI TPOYHOCTH M TBEPAOCTH, YIydllaeTcs
00pabaThIBaEMOCTh pe3aHHeM. XapaKTEepU3yeTCcsl HarpeBOM /O TeMIlepaTyp BbIIIE
KPUTHUYECKUX U OUYEHb MEJIEHHBIM OXJIAXK/IEHUEM, KaK MPaBUJIO, BMECTE C MEYbIO.
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3 3akaJjika — MPOBOJIUTCS JIJISI CIUIABOB, UCIIBITHIBAIOIINX (ha30BbIC MPEBPAICHUS
B TBEPJIOM COCTOSIHUHM TPH HATPEBE M OXJIAKJICHUH, C IIETbI0 TTOBBIIICHHE TBEPIOCTH U
MPOYHOCTH MyTeM oOpa30BaHMUs HEPABHOBECHBIX CTPYKTYp (COpOUT, TPOOCTHT,
MapTeHCHUT). XapakTepU3yeTCs HArpeBOM [0 TeMIepaTyp BBINIE KPUTHYECKUX H
BBICOKHMH CKOPOCTSIMU OXJIAXKICHUSI.

4 OTHycK — IPOBOJUTCS € LENbIO CHATHS BHYTPEHHUX HANPSKEHUH, CHUXKEHHS
TBEPJOCTH ¥ YBEJIWYEHUS IUJJACTUYHOCTH W  BSI3KOCTH 3aKaJieHHBIX  CTajei.
XapakTepuzyeTcsi HarpeBOM JI0 TeMIepaTypbl HIDKe KpuTHueckoi A ; CKOpOCThb
OXJIAXKICHUS PO He urpaer. [IpowcxomsT mpeBpalieHus, YMEHbBIIAIOIINE CTEICHb
HEPaBHOBECHOCTH CTPYKTYPHI 3aKaJICHHON CTaJIH.

5 CrapeHue — pa3sHOBHIHOCTb OTIYCKAa, IIPOBO3UTCA B  3aKaJIEHHBIX
JIETUPOBAHHBIX CIUJIaBaX MPU HOPMAJIbHOW (€CTECTBEHHOE CTApEHUE) WU TMpHU
MOBBIIIICHHBIX TeMIIepaTypax (MCKYCCTBEHHOE).

Tepmuueckyro  00paOOTKy  NOAPA3ACIAIOT HA  HpeosapumeibHyio U
oKkonuamenvhyio. llpedsapumenvuas — TPUMEHSETCSA NIl TMOATOTOBKU CTPYKTYPhI U
CBOMCTB MaTepuaja i IMOCIASAYIOMNUX TEXHOJOTHYECKUX orepanuil (1 o0paboTku
JaBJICHUEM, YJIydllleHus o0padaTtbiBaeMoCcTu pe3anueM). OkonyamenvHas — GOPMHUPYET
CBOICTBO TOTOBOT'O U3/ICIIHSL.

MatepuaJbl M pe;KuMbI YIPOUHSAIOIIEH 00padoTKH,
peKoMeHyeMble J1JIs1 TUIIOBBIX JieTajleil MalnH (BaJIOB)

OKcIutyaTallMoOHHAs: CTOMKOCTh BaJIOB OMPE/IEISETCS yCTAIIOCTHON MPOYHOCTHIO B
YCIOBHSX KPYUYEHUS U N3TH0a, KOHTAKTHOW MTPOYHOCTHIO U M3HOCOCTONKOCTHIO.

MarsnoHarpy>keHHble, MEIJICHHO BpalllaloOIIUecs Bajbl H3TOTOBJISIOT U3
Henoporux cranert — Ct3, 4 u 5, 35, 40, 45. Takue BaJibl HE MOABEPratOTC TEPMUUECKON
00padoTKe.

Baubl HeOoIbIIINX pa3MepoB, KOTOPBIE JOJKHBI 00J1a/1aTh BLICOKOH MTPOYHOCTHIO
Ha W3rM0 W KPyYCHHUE, a TAKKE YCTAJIOCTHOW MPOYHOCTHIO, M3TOTABIMBAIOT W3 CTajei
40X (d Bama 20...25 mm), 50X (d=35...40mMMm),40XTP (d=50...55MM) u moaBepraroT
3akaike M Hu3koMmy otmycky Ha HRC 45...50, pexxe 3akanke W CpelHEMY OTITYCKy Ha
HRC 35...42.

CpenneHarpy>keHHble Bayibl guamerpoM J0 80...100 MM B TOM ciydae, Korja

PaboTOCITOCOOHOCTH OMPENEIACTCS MPOYHOCTHIO HA M3TM0 U KpydYeHUE, a HE KOHTAKTHON
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BBIHOCJIMBOCTBIO M HM3HOCOCTOMKOCTBIO, HM3TOTOBIISIOT M3 cTtainend 45, 40X, 50X wu
nosBepraroT yryumennio (o8 =800...1000 H/mw).

BricokoHnarpykenHbie Basibl Oosbiioro auamerpa (100...130 MM u BbIIIe)
W3rOTaBIMBAIOT W3  XPOMOHHUKEJIEBBIX, XPOMOHHKEIHBMOJUOJEHOBBIX  TITyOOKO
npokanuBatomuxcst cranen SOXH, 40XH3M u noxapepratror yiayumeHuto (o> 1000
H/mm?).

Jlnst o4eHb OTBETCTBEHHBIX BajOB OOJBIIOTO CEUEHUS NPUMEHSIOT CTajH
30XH2B®A, 36XHM®A, 38XH3M®DA, 30X2HB®A. YOpouHSIOT UX YJIyUYIICHUEM.
Bainbi, paboToCOCOOHOCTh KOTOPBIX OMPENENseTCS KOHTAKTHOW BBIHOCIMBOCTBIO H
HM3HOCOCTOMKOCTBIO, JOJIKHBI UMETh BBICOKYIO MOBEPXHOCTHYIO TBEpocTh HRC 48...50.
Takue Banabl HEOOJBITUX Pa3MEPOB H3TOTABIMBAIOT U3 cTajedt 45 m 50 U ympouHSIOT
MOBEPXHOCTHOM 3akankoil. Ecnm onm pabotaror emie Ha u3ru0d W KpydeHue, mepen
MMOBEPXHOCTHOM 3aKAJIKOM IPOBOMSAT YJIyUIIEHUE.

Korma tpebyercst Gosiee BBICOKAss M3HOCOCTOMKOCTh M, COOTBETCTBEHHO, Oosee
BBICOKAsi MTOBEPXHOCTHAsi TBEPAOCTh, Balibl M3roraBiuBaroT u3 crtaieil 20X, 18XI'T,
12XH3A, KkoTOpbi€ TMOJABEPTratOT LEMEHTAIMU, 3aKAIKE W HHU3KOTEMIIEPATYPHOMY
oTHyCcKy. MoxHO Takxke wucnons3oBath ctamu 25XI'M, 25XIT ¢ ynpouneHuem
HUTpOLIEMEHTAIUEN.

B cayuasx, xorma TpeOyeTcss 0co00 BBICOKOE COMPOTHBICHUE H3HAITUBAHMIO,

BaJIbl U3TOTOBISAIOT U3 cTaiid 38 X2MIOA ¢ nmocneayronmM a30TUPOBAHUEM.

IIpuMeps! pelieHus 3axa4

3aoaua Nel. 3aBony HYXHO U3TOTOBUTH Bay auamerpoMm 70 MM Juisi paboOTHI C
OompmmMu Harpy3kamu. CTajb TOJDKHA UMETh Mpees TeKydecTu He Hike 750 H/mm2,
npezaen BeiHocauBocTH He Hike 400 H/MM2 1 yaapayto BsizkocTh He Hike 900 kJ[x/mM2
.3aBoJ1 UMeeT ctaiib TpéX Mapok: Ct4, 45 n 20XH3A. Kakyto u3 3Tux crajieu cieayer
MPUMEHUTh Ui M3roToBieHUs Bana? HyxHa nu Tepmuueckas oOpaboTKa BhIOpaHHOMN
CTAIM W €CIIM HYXHa, TO Kakas? JlaTb XapaKTEpUCTHUKY MHKPOCTPYKTYpPE M yKa3aTh

MEXaHUYECKHE CBOMCTBA MOCJIe OKOHYATEIbHON TepMUUECKO 00pabOTKH.
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Pewenue 3a0auu Nel

Xumuueckuit cocras ctaiie mapok Cr4, 45 nu 20XH3A :

- Ct4 (OCT 380-71): 0,18-0,27%C, 0,4-0,7%Mn, 0,12-0,30%S1, <0,30% Cr;
<0,30% Ni, <0,05% S, <0,04% P.

- Craap 45 (I'OCT 1050-74): 0,42-0,50%C, 0,50-0,80%Mn, 0,17-0,37%Si,
<0,25%Cr, <0,25%N1, <0,045%S, < 0,04%P.

- Craas 20XH3A (I'OCT 4543-71): 0,17-0,23%C, 0,30-0,60%Mn, 0,17-
0,37%$S1, 0,60 -1,40%Cr, 2,75-3,15%N1, <0,025%S, < 0,025%P.

Cranb mapku Ct4, corstacHo ['OCT, uMeeT cieayromme CBoMCcTBa B COCTOSIHUU
MOCTaBKH (ITOCJIC MPOKATKU WK KOBKH): G , = 420...540 H/vmm?, 6o, = 240...260 H/mm?,
0 >21%.

Cranp 45 B COCTOSIHUM NOCTABKH (ITOCJIE MPOKATKU U OTXKUIa) UMEET TBEPIOCTh
e 6oxee HB 2070 H/mm *. TTpu tBépmoctu HB 1900...2000 H/MM * cTanb uMeeT npeet
npouHoctH He Bhime 600...620 H/mm *, a ipu BEpaocTH Hike HB 1800 H/mm * mpejien
IPOYHOCTH He mnpesbimaer 550...600 H/MM. J{isi OTOXOKEHHON YIJIEPOINCTON CTad
OTHOILIEHUE Gy, / G, coctaBisger npuMmepHo 0,5. CrnenoBaTenbHO, Ipenea TEKy4eCTH
cTanu 45 B 3TOM COCTOSHHMH He npesbimaet 270...320 H/m.

Crans 20XH3A, cormacio 'OCT, B cocTosiHUM TOCTaBKU (TIOC]Ie MPOKATKU M
oTxura) umeet TBEpA0cTh He 6osee 2500 HB. CrnenoBatensHo, peaen NpOYHOCTH MpU
tBépmoctu HB 2300...2500 H/mm” He npessimaet 670...750 H/MM® 1 MOKeT OBITH HIDKE
600 H/MM® 11 mIaBoK ¢ Golee HHU3KOM TBEPIOCThIO. Torma mnpenen TEeKy4decTH
coctasigeT 350...400 H/mm 2, TaK KakK Oy, / G, AN OTOXOKEHHOM JETMpOBAaHHOM CTaJIM
0,5...0,6.

Takum oOpa3om, nns MONMy4YeHHs 3aJaHHON BEJMYMHBI MpeJena TEeKydecTH Ball
HE00XO0IMMO TOJBEPTHYTh TEPMUUECKOIM 00paboTKe.

[ns  Huskoyrnmepoauctoin cranu Cr4  ynoydiiaromee BIUSHUE TEPMUYECKON
o0pabotku HezHauuTenbHO. Kpome Toro, Ct4 — kak cTaib OOBIKHOBEHHOTO Ka4yecTBa
MMEET MOBBIIIEHHOE COAEPKaHue cepbl U Pocdopa, KOTOPbIE TOHMKAIOT MEXaHUYECKUE
CBOMCTBAa U OCOOEHHO CONPOTUBJICHUE YAAPHBIM HArpy3KaMm.

JInst Takoro OTBETCTBEHHOIO M3ZENHs, KaK Baj JBUrareisi, IMOJOMKa KOTOPOIO
Hapymiaer paboTy MalllMHbI, TNpUMEHEHHue Oojee JEeHIeBOM 10 COCTaBy CTalld
OOBIKHOBEHHOT'O KaueCTBa HEPALIMOHAIBHO.
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Crainb 45 OTHOCUTCS K KJIACCy KaU€CTBEHHOMW YIIIEpOaUCTOM, a ctainb 20XH3A —
K KJIACCy BBICOKOKAYECTBEHHOM JIETUPOBAHHOM cTamu. OHU COAEPKAT COOTBETCTBEHHO
0,42...0,50 u 0,17...0,23 % C u npuHUMarOT 3akaiky. /s MOBBIIIEHUS TPOYHOCTHU
MOKHO TPUMEHATh HOPMAIM3AIMI0 WM 3aKaJKy C BBICOKMM OTIycKoM. [locnemnuii
BapuaHT OOpabOTKH CJOKHEE, HO IIO3BOJIAET TOJYYHTh HE TOJBKO 0OJiee BBICOKHE
XapaKTEPUCTUKU MPOYHOCTH, HO U 00Jiee BHICOKYIO BSI3KOCTh. B ctanu 45 MuHuMalbHbIE
3HaueHus yaapHoil Bszkoctu KC (aH) mocie Hopmammszauuu coctasisitor 200...300
kJDK/M°, a Tocie 3aKalKd M OTIycka ¢ HarpeBoM mo 500 °C gocturaror 600...700
K JDK/M .

Tak kak Bayj ABUTATENs BOCIPHHUMAET B paboTe NMHAMHUYECKHE HArpy3KH, a
TaKke U BUOpaiuu, 0ojee 1eaecoodpazHo MPUMEHTh 3aKajiky U oTiyck. [locre 3akanku
B BOJIE YIJIEpOAMCTasi CTallb 45 mojaydaeT CTPYKTypy MapreHcuta. OHaKO BCIAEACTBUE
HEOOJIBIIION MPOKATMBAEMOCTH YTIJIEPOJUCTON CTalld 3Ta CTPYKTypa B U3JETUSIX
nuametpoMm  Oosiee  20...25MM  00Opa3yeTcsi TOJBKO B CPaBHUTEIBHO TOHKOM
ITOBEPXHOCTHOM CJIO€ TOJIILHUHOM A0 2...4 MM.

[Tocnenyromuii OTMYCK BbI3bIBAET MIPEBPAIlICHHE MAPTEHCUTA B COPOUT TOJIBKO B
TOHKOM ITOBEPXHOCTHOM CJIO€, HO HE BIHSIET Ha CTPYKTYPY U CBOMCTBA OCHOBHOM MacCChI
m3nenus. Cranb cO CTPYKTypol copOuta oOTmycka oOnanaer Oojiee BBICOKMMU
MEXaHWYECKUMH CBOMCTBAMH, YE€M Ta JK€ CTalb CO CTPYKTYpPOW cOpOWMTa 3aKajaKd WM
uMeroIasi (peppUTo-NepIuTHYIO CTPYKTYpy. HaumOosnbiime HampspkeHus OT u3ruoda,
KpY4EeHHS ¥ TOBTOPHO NIEPEMEHHBIX HAarpy30K BOCIPUHUMAIOT HApYy>KHbIE CJIOU, KOTOPHIE
JOJDKHBI ~ 00JamaTh TOBBIMICHHBIMH MEXaHMYECKUMHU CcBoWcTBamMu. (OmgHAKO B
CONPOTUBIICHUU JUHAMUYECKUM Harpy3kam, KOTOpble BOCIIPUHUMAET BaJl, y4aCTBYIOT HE
TOJIKO TIOBEPXHOCTHBIC, HO ¥ HIDKENEXAIue CJIou MeTaia. Takum oOpaszom,
YTIIEPOUCTASI CTATb HE OYIeT UMETh TPEOYEMBIX CBOMCTB 110 CEUCHHUIO Bajia TUAMETPOM
70 Mm.

Cranp 20XH3A serupoBaHa HUKEIEM M XPOMOM Ui  [OBBILIEHUS
MPOKAJIMBAEMOCTH M 3akaymBaeMocTH. OHa TOJydaeT IIoCie 3aKalKh JIOCTATOYHO
OJIHOPOJIHBIE CTPYKTYPY M MEXaHUUECKHE CBOMCTBA B CEUYCHUU AUAMETPOM JI0 75 MM.

Jlnst cramu 20XH3 A pekoMeHTyeTcs Ciienyromas TepMudeckas oopadboTka:

1 3akanka ¢ 820...835 °C B macne. [Ipu 3akanke ¢ oxjiaxJaeHUEM B Macie (a He B

BOJIE, KaK 9TO TpeOyeTCs I YIIIEPOAUCTON CTAIN) BOSHUKAIOT MEHBIITNE HANIPSDKCHUS, a
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cienoBarenbHO, U MeHblas aedopmarus. [locne 3akaliku cTallb UMEET CTPYKTYPY
MapTeHCUT U TBEpAOCTh He Hrke S0 HRC.

2 Ornyck 520...530 °C. [lnsg npenynpexacHus OTIIYCKHOM XPYIKOCTH, K
KOTOPOW YYBCTBUTEJIBHBI CTAIH C XpOMOM (MJIM C MapraHileM), BaJl TOCJIe€ HarpeBa
CIeAyeT OXJaXaaTh B Maclie.

Mexanunueckue cBorictBa ctani 20XH3A B uzenuu 1uameTpoM 10 75 MM MocCIie

TepMHUUECKON 00paboOTKHU:

Tpenen npoyHocTd G, , H/MM .......... 900...1000
[Ipenen Texyuectu oy, , HmM>.......... 750...800
Ipenen BeiHOCIMBOCTH O-1 , H/MM® ... 400...430
OTHOCHUTENbHOE yTMHEHUE 0, %........... 8...10
OTtHocuTenbHOE cy)enue y, %......... 45...50
Vnapnas Bsazkocts KC, kIx/M ......... 900

Taxum o6pazom, 3T cBoicTBa oOecrednBaioT TpeboBaHus, ChOpMyTUPOBaHHBIE

B 3a/1a4e, Ui Bajia AuameTpoM 70 M.

3agaHue I CAaMOCTOSITEILHOM PadoThI

3agava 1: 3aBogy HY)XHO M3rOTOBUTH Bajl auamerpoM 80 MM it paboOThI C
OonpimmMu Harpy3kamu. Ctaimb J0HKHA UMETh TIpeiel TeKydecT He Hke 750 H/mm2,
npenen BeiHOCIUBOCTH He Hke 400 H/MM2 1 ynapayto Ba3kocTb He Huxke 900 k/[x/m2
.3aBOJI UMeeT cTtailb TpEX Mapok: Ct4, 45 u 20XH3A. Kakyro u3 3Tux craneu cieayer
MPUMEHUTH IS WM3TOTOBNCHUS Banma? HyxHa mu Tepmudeckas oOpaboTKa BBIOpaHHOM
CTaJIM M €CJIM HY>KHA, TO Kakas?

3anaya 2: TopcHOHHBIN Bajl TKAIIKOTO CTAHKA U3rOTaBJIMBAIOT U3 KAaUYECTBEHHOU
nerupoBanHor ctamm. Jmametp Bama g0 30 mMm. Cranb M0DKHA 00J1a7aTh BBICOKHM
MPEAEIOM IPOYHOCTH, BBIHOCIMBOCTH W  YIPYTOCTH. PeKoOMeHAylTe pexum
TEPMUYECKONH 00pabOTKH, CTPYKTYPY M MEXAaHWYECKHUE CBOMCTBA, KOTOPHIE MOYKHO
MOJIYYUTh IIPU MPABUIBHOM BBIOOpPE COCTaBa CTANIM U €€ 00pabOTKH.

3amaua 3: 3aBOjJy HYXHO W3TOTOBUTH Bad guamerpoMm 30 MM Jisi paboThl C
OonmpmumMu Harpy3kamu. Crtanmb J0DKHA 00J1a7aTh BBICOKMM TMPEACIOM IMPOYHOCTH,

BBIHOCJIMBOCTH W YNPYIrOCTH. 3aBoJ uUMeeT cTaynb TpEX Mmapok: Cr4, 45 u 20XH3A.
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KaKYIO U3 ATUX CTajiel CICAyCT INPHUMCHHUTDL JII HU3TOTOBJICHHA Baja? HY)KHa JIn

TepMHuuecKast 00paboTKa BRIOpAaHHOW CTalIM M €CITK HYKHA, TO Kakasi?

OT14er N0 NpaKkTH4YecKou padore:

1 Tema paboThI

2 Ilenb paboThI

3 3aganue

4 Pemienue 3anauu

5 BreiBozg

KounTpo/bHbIE BONIPOCHI:

1 Onpenenenune TepMooOpadOTKU

2 Buasl TepmMooOpaboTKu

3 Kakue nedopmairu UCIBITHIBAET Bal B Ipoiecce padboThi?

4 Ot 4ero 3aBUCUT BBIOOP MaTepurasa JJisl U3rOTOBJICHUS JIeTaJIe MaIliiH?

5 Be16op TepMo06pabOTKH Basia
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IIpakTuyeckas padora

Tema: Kinnaccupukanus 1 MApKUPOBKA YyIryHa

Heab: 3akpemyieHHe TeOpeTUYECKUX 3HaHM 1o Teme: «lIpousBoacTBO U

MapKHpOBKa YyTYHay.

3amanue: M3yuuTh BUABI 1 MADKUPOBKY YyT'yYHA

OcHOBHBIC IOHATHUS

UyryHsl OTIMYAIOTCA OT CTaju: MO COCTaBy — OOJiee BBICOKMM COJEpKaHUEM
YIJIEpO/1a; IO TEXHOJIOTUUECKUM CBOMCTBAM — JIYUIIIUMH JIUTEHHBIMU KaueCTBAMM, MAJION
CIIOCOOHOCTBIO K IIaCTHYeCcKON nedopmanuu (He mojjarorcs KoBke). UyryH nemieBie
CTaJIH.

B 3aBUCHMOCTH OT COCTOSIHUS YTI€pOAa pa3inyaror:

- Oenblif YyTryH, B KOTOPOM BECh YIIIEPO HAXOAUTCS B CBA3aHHOM COCTOSIHUU B
BUJIC KapOua (IIeMEHTUTA);

- Cepble UYT'YHbI, B KOTOPBIX YIJIEPO/1 B 3HAUUTEIIBHON CTEMEHU WUITU TIOJIHOCTHIO
HaxXOJUTCS B CBOOOTHOM COCTOSIHUH B BUE TpaduTa;

- BBICOKOIIPOYHBIN YYTYH, B KOTOPOM YTJIEPO] HAXOUTCS B (popMe IIapOBUIHOTO
rpadura;

- KOBKHMM YyTyH, TOJYYalOLIUICS B pe3ysbTaTe OTKHra OTIMBOK U3 OEnoro
YyryHa, B KOTOPOM YTJIEpOJ HaXOAuTCs B (opMme XJIOMbeBUIHOTO Trpadurta (yriepoia
OT)KUTA).

benpie uyrynsl. B 3aBucuMocTH OT conep)kaHus yriepoja Oenbie YyTryHbBI
pa3leNsiioT HAa TPU TPYIIIBL: JOIBTEKTHYECKHUE — C cojliepkaHueM yriepoja ot 2,14 no
4,3%; HBTEKTHYECKHME — C cojaep:kaHueM yriaepoaa 4,3%; 3a’BTEKTHUUECKHE — C
cojepkanueM yriepoja ot 4,3 10 6,67% (puc.3.4).

benbie uyyryHbl MMEIOT OY€Hb BBICOKYIO TBEPAOCTb U HE MOJJAI0TCS 00padoTKe
pe3anueM. B MalmmmHOCTPOCHUH WX MPUMEHSIOT TOJIBKO JJIs JeTalleH, MOABEPralouXCs

oOpabotke mnwmMdoBaHUEM (BaJIKKA XOJIOAHOW TMPOKATKH), WU JUISL  W3JEIHM,
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HCII0JIb3YCMBIX 0e3 BCAKON MEXaHHYECKOM 06pa6OTKH (pr3I>I, IIPOTUBOBCCHI, MCJIAIINUC

tena). Tepmudeckoit 00pabOTKOI Oelnblil UyryH nepepadbaThIBaloT B KOBKUN YYTYH.

a — JO3BTEKTUYECKUM (J1eae0ypuT + nepiur), 0 — 3BTEKTUYECKU (J1e1e0ypuT), B
— 3a9BTEKTUYECKUM (71e1e0ypUT + IIEMEHTHT)

Pucynok 1 - MukpocTpykTypa OeNbIX 4yTyHOB

OOBIKHOBEHHBIN cephlii UyryH. B CTpykType OOBIKHOBEHHOI'O CEpOro 4YyryHa
COJlepKUTCs TpaduT IIACTUHYATON (4epBeoOpa3Hoi) (POpPMBI, KOJUYECTBO U pa3Mephbl
KOTOPBIX U3MEHSIOTCS B IIMPOKUX Mpeaenax.

[1o cTpoeHnt0 METAIIMYECKO OCHOBBI UYT'YHBI Pa3JEsaIOT Ha:

- cepblil NepauTHBIN 4yryH. CTpyKTypa ero COCTOUT U3 MEPIUTA C BKIOYEHUEM
rpaduta (pUCyHOK 2,a);

- cepblil QeppuTHO-NIEPIUTHBIM 4yryH. CTpPyKTypa €ro cocTtouT u3 ¢eppura,
nepJuTa U BKIKOUeHUM rpaduta (pucyHok 2,0);

- cephlil peppUTHBIN YyTyH. B 3TOM uyryHe MeTayuTn4ecKoil OCHOBOM SIBIISICTCS

bepput, a Bech yriiepo1 NpucyTcTByeT B hopme rpadurta (pUCYHOK 2,B).

a — cepblid MEPIUTHBIA 4YyryH; O — cepblii (heppUTHO-NEPIAUTHBIA YYTyH; B —
cepbIil PepPUTHBIN YYTYH.

PrucyHOK 2 - MUKpPOCTPYKTYPBI CEPOrO UyryHa

Cepble nUTEHHBIE YYTYHBI NMPUMEHSIIOTCA Mg craHuH crankoB (CYI10), nmms
IWJIMHIPOB, KOJICHUATHIX BaJlOB, MOPIIHEBBIX KoJjel (CU45).

Bricokonpounblii  uyryH. BbICOKONpOUYHBINT 4YyryH COAEpXKHUT TpaduT B
mapoBugHONH Qopme. [IpoyHOCTHBIE CBOMCTBA BBICOKOIPOYHOTO UYT'yHA 3aBHUCST OT
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CTPYKTYPbI METAILTAYECKON OCHOBBI (TIEpJIUTHASA, (DeppUTHO-TIEpIUTHAS U deppUTHas), a
TaK)Xe OT CTETICHU U3MEIIbYSHHOCTH YacTHIl rpaduTa.
BpICOKOTIpOUHBI YyryH TIPUMEHSIOT [UISL JETajl€d CTAaHKOB W CPEIHE- U

BBICOKOHATIPYKEHHBIX y3JI0B APYTUX U3ACIHM.

Pucynoxk 3 - CTpyKTypbl BBICOKOIPOYHOTO (a) M KOBKOTO (0) 4YyryHOB C
(beppUTHON METAIITMIECKON OCHOBOM

KoBkuii uyryn. KoBkuil 4YyryH nojiy4aroT TOMJIEHHEM (TpadUTH3UPYIOIIUM
OTXKUTOM) U3 OesIoro 4yryHa ciemnytomiero cocrasa: 2,4 —2,8% C; 0,8 — 1,4% Si; 1% Mn;
0,1%S; 0,2% P; 0,08%Cr. Ilpu Beicokux Temmeparypax (Bbime 900°C) 1ieMeHTHT
pasnaraeTcs ¢ o0OpazoBaHueM rpaduTa XJIONEEBUIHON (HOPMBI (PUCYHOK 3,0).

[Tocne TOMIIEHMSI OTIMBOK B 3aBHCUMOCTH OT CKOPOCTH OXJaXACHUS, MHpPHU
temreparype HemHoro Hiwke 727°C (Touka A;) , NOAY4arOT KOBKHMH YYIyH C
pPa3IMYHBIMM  CTPYKTYpaMH METaUIMYECKOW OCHOBBL: TPU OYEHb MEIJIEHHOM
OXJIAXKICHUU — (DEPPUTHBIN; IPU YCKOPEHHOM OXJIAXKACHUHN — (DEPPUTHO-TIEPIUTHBIN; TIPU
OBICTPOM OXJIKJICHUH — TIEPJIUTHBIH.

YyryHbl MAapKHPYIOTCS CIeAYOMUM 00pa3om:

b4 — Genblit uyryH;

CU - ceppiif;

KY — xoBKHI;

BY — BBICOKOIIPOYHBIN.

[lepBoe mmdpoBoe oO03HaUeHHE TOCNHE OYKBBI XapaKTePU3yeT MPOYHOCTD,
BTOPOE — MIACTUYHOCTb.

Ecnu mnacTHYHOCTh HU3KAasl, TO YKa3bIBAETCS TOJIBKO IPOYHOCTD.

Hanpumep: KU 45-7 — KOBKMU YyryH, MUMEKOIIMA OPUAET NPOYHOCTH IIPH

pactsokenuu 450 Mlla u otHOCUTENBHOE yasIuHEHUE 7%.
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JlerupoBaHHbIE YYT'YHBI.

CBoiicTBa 4YyryHa MOKHO YJY4YIUTh MYTEM BBEACHUS B HETO JETHPYIOLIUX
AJIEMEHTOB, OKA3bIBAIOIIUX OJIArONPUATHOE BIUSHUE HE TOJIBKO HA €r0 METAITHYECKYIO
OCHOBY, HO Take Ha (opMy M pa3Mmepbl rpadUTHBIX BKIIOUYEHUN, CIOCOOCTBYIOLIUX
3HAYUTEIILHOMY HW3MENbUYCHHs] CTPYKTYphl dYyryHa. TpeOoBaHHMs K JIETHPOBAHHBIM
YyryHaM Ul OTJIMBOK C ITOBBIIIEHHOW apOCTOMKOCTb, KOPPO3HMOHHOW CTOMKOCTBIO,
M3HOCOCTOMKOCTBIO WITH KapOolpoYHOCThIO pernameHTupoBansl 'OCT 7769-82.

B 0003HaueHUM JErMpOBAHHBIX YYTYHOB OYKBBI M LHU(PBI, COOTBETCTBYIOIINE
COJIEPKAHUIO JIETUPYIOIIKX 3JIEMEHTOB, TE K€, YTO U MapKax CTaJu.

N3HOococTOMKHE YYTyHBI, JETHPOBAHHBIE HHUKEIEM M XPOMOM C J100aBI€HUEM
TWTaHa, BaHAJMsg, MeIW, MOJIUOJEHA NPUMEHSIOT IS M3TFOTOBJIEHUS TOPMO3HBIX
0apabaHOB aBTOMOOWIIEH, TUCKOB CIIETUICHHUS, TUJIH3 ITUIUHAPOB U .

JlerupoBannbie uyrynsl YH19X3I u YH11I'71 o6manaroT »KapompoyHOCThIO
npu temneparypax go 600° C, u3 uyrynoB mapok UHIS/3II u YHIS/[7 npousBonsar
T'WJIb3bl LIWJIMHPOB, FTOJIOBKY MOPIIHEHN, CE/JIa U HAITPABJISAIOIIME BTYJIKM KJIAIIAHOB U T.I.

Kopposuonno-croitkuii nerupoBanubii uyryn UHXT, u UH2X npennaznauen
JUISI U3TOTOBJIEHUS MAacCIOCBEMHBIX KOJIEL, CE/eJ, HAMPABIAIOMIMX BTYJIOK KJIAMaHOB
JM3eJIe M ra3oMOTOKOMIIpeccopoB, u3 4yyryHa Mapku UHXMJI ornuBaroT G0KH U
TOJIOBKH LIWJIMHJPOB, BBIXJOIMHBIX MNaTPyOKOB JBUTATENE€ BHYTPEHHErO CrOpaHus,
MOPIIHYU U TWIb3bl HUJIUHIPOB MapOBbIX MAIIUH U T.II.

AHTUQPUKIIMOHHBIE UYYTYHBl HCIOJB3YIOT B KA4eCTBE MOJIIMITHUKOBBIX
CIUIABOB, TaK Kak MPEACTABIISIIOT TPYNNy CHEHHAIBHBIX CILIABOB, CTPYKTypa KOTOPBIX
ynoBieTBopsiet npapuiy llapnu (BkimroueHus TBepaon ¢asbl B Msarkoit ocuose). [OCT
1585-85 BiTtouaet mecTh Mapok ceporo antudpukimonHoro uyryna (AUYC-1 — AYC-6)

C MJaCTHHYAThIM TpaduToM MU ABe Mapku BeicokompouHoro (AYUB-1, AUB-2) u nBe
Mapku koBkoro (AUK-1, AYK-2) uyryHos.
JlernpoBaHHbIE YYTYHBl UMEIOT IIMPOKOE MPUMEHEHHE B PA3IUYHBIX OO0JACTIX

IMPOMBIIIJICHHOCTH.
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BapuanTtel 3aganmii (HoMep BapuaHTa COOTBETCTBYET HOMEPY CTYJIEHTa IO

CIUCKY B XypHale)

Ne | Mapka uyryna | Ne | Mapka uyryna Ne | Mapka uyryna Ne | Mapka uyryna
1 |CU18,BY100 |9 |BY45 CUHI15 17| K433-8, CH420 |25|CY20,BY45
2 | CH25,KY30-3|10|BY60,K440-3 |18 |KY35-10,CH 18 |26 | CYH 25, KY 30-3
3 |BU35,CH 15 11| BY100,CY 18 19| K4 37-12,CH 18 | 27 | CH 30, K4 37-12
4 |KYU33-8,CH10|12|CY10,BHY45-5 |20|KY40-3,C420 |28 CY18,BY45
5 |BY70,CY25 13| CH15,KY35-4 |21 | KU35-4,CH25 |29|CY35 BY60
6 |CH20,K4Y30-3|14|CY30,K437-12 |22 |KY30-3,CH420 |30|CY10,BY45-5
7 | B4 40, CY 35 15| CY35,BU45-5 |23|BY45-5,CH420 |31 |CY18,KY30-3
8 | BUYS50,CH 15 16 | K4 30-6,CH 10 |24 |BY40-10,CY 30 |32 | CY 20, B440-10
OT14er M0 NpaKkTH4YecKou padore:
1 Tema paboTbl
2 Ilens paboThI
3 3amanue
4 PacmmdpoBka 3alaHHBIX MapoOK YyryHa M ONUCAaHUE HUX CBOWCTB M 00JIACTH
IIPUMEHEHHUS

6 Omnucath BIWSHHUE OCHOBHBIX XHMHYECKHX JJIEMCHTOB, BXOOAIINUX B COCTAaB

4yyryHa, Ha €ro CBOMCTBA (10 3a/IaHHI0 TIperno/iaBaTesis, Tadiuia 2)

7 BeIBOI

KoHnTpoJibHbBIE BOPOCHI:

1 Onpenenenune yyryHa

2 Buppl uyryHa

3 B xakux popMax CyIecTByeT I'paHUT B Pa3JIMYHBIX YyTyHaX.

4 3aBUCUMOCTH CBOMCTB UyTyHa OT (popmbl rpaduta B HEM

5 IlpyHUMI MapKUPOBKU UyTryHa
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Ta6Jmua 2 - BausiHue XMMHUUECKHUX 3JICMEHTOB Ha CBOMCTBA dyr'yHa

Cepplil uyryH

BricokOnpoUYHbIN YyTYH

Yenepoo

[ToBeIIEHHOE COMIEp)KAHUE YTIAEPOaA
MPUBOJUT K YMEHBIIEHUIO

Y

MIPOYHOCTH, TBEPAOCTH U VYBelIM4eHHOE COJIEpKaHUE YIIepOoia YIayUIllaeT Mexal
YBEJIMYEHHIO TIJIACTUYHOCTH; JUTEHWHbIE CBOMCTBA YyT'yHA YYTYH (
yIJIepOJ YJIyUIlIaeT JIUTEHHbIE
CBOICTBA YyryHa
Kpemnuti
Kpemuuii cHr>xaeT TBEp0CTb, C NOBBIIICHUEM COAEPKaHUSA KPEMHUS BO3PACTACT C
YMEHBIIIAET YCaAKY; MOBBIIICHHOE npejen NPOYHOCTU MPU PACTHKEHUU, TPU KOJINY
COJICP’)KAHUE KPEMHUS CHIXKAET JAJbHEUIIIEM YBEJIMYEHUU COACPKAHUSA - IIp
MJIACTUYHOCTD U HECKOJIBKO YMEHBIIIAIOTCS MPEIeI MPOYHOCTH MIPHU PACTIKEHUU M
YBEIIMYUBAET TBEPAOCTh Y OTHOCUTEJIbHOE YIJIMHEHHE
Mapeaney
. Ma
MexaHnueckre CBOMCTBA YyTyHA

C noBBILLIEHUEM COAEP)KAHUS MApTaHIla CBSI3aHI

MOBBIIIAIOTCS TIPU COACPKAHUU
o MTOBBIIIAETCS MPEAEI MPOYHOCTU IIPU PACTSIKEHUHN dbepp
Mapranna jo0 0,7-1,3 %, a npu |
. Y YMEHBIIIAETCS OTHOCUTEIBHOE yIJIMHEHUE. Map
JaTbHEUIIIEM YBEJIUYCHUH - . |
JInst mOBBIIEHUSI ©K3HOCOCTOMKOCTH COJIEPKAHUE KOJIN

CHIKAIOTCA. MapraHel yBeJIM4nBaeT o

Maprasua ysenuuuBarot 110 1,0- 1,3% TTOBBIIII

yCaJIKy CIuiaBa

Cepa

Cepa cHMXaeT MPOYHOCTH U TUIACTUYHOCTH, HO
HECKOJIBKO MTOBBIIIAET N3HOCOCTOMKOCTH CILIABA,
CUUTAETCS BPEAHON IPUMECHIO, IPUAAET YYTYHY

KPacHOJIOMKOCTH (00pa30oBaHUE TPEIIMH MPU BBICOKUX
TEMIEPATypax), MPEMSATCTBYET BbIACICHUIO TpaduTa

[Tponomkenne TabIUIBI 2

UYem BbILIE COAEPIKAHUE CEPBI B
HCXOAHOM YYyTyHE, TEM TPYIHEE
ITOJIYYHTh MOJHOCTHIO IIAPOBUIHYIO
(Gopmy rpaduTa u, cier0BaTeIbHO,
BBICOKME MEXaHUUYECKNE CBOMCTBA

Docghop




dochop NOBBIIAET KUIKOTEKYUECTh
CIUIaBa, MPUJAET UYTYHY
XJIaJTHOJIOMKOCTb, T. €. XPYIKOCTb

docdop oka3pIBaCT CYIIECTBEHHOE BIUSHUC Ha
CTPYKTYpPY ¥ MEXaHUYECKHE CBOMCTBA. UTOOBI MOTYyYUTH
YYT'YH C BBICOKOM IUIACTUYHOCTBIO, coziepkanue (ocopa
He 10kHO npesbiath 0,08%. /s nosryueHus 4yryHa ¢
HEBBICOKOM TIACTHYHOCTRIO cojiepkanue docdopa
yBenanuuBarot j0 0,12-0,15%

Huxenv
C yBennueHueM coaepkanus HUKelsa |  Hukenb BIuseT Ha TEMIIO- U JIEKTPOIPOBOAHOCTb, a ]
BO3pacTaeT KOppO3UOHHAS TaKe Ha KOPPO3UOHHYIO CTOMKOCTh M KaAPOCTOMKOCTh |
CTOMKOCTb U YJIy4IIAeTCs cruaBa. C yBeIMYEHHEM COJIEpKaHUSI HUKEIIS 3TU
00pabaThIBaEMOCTh CILJIaBa CBOMCTBA MOBBIIIAIOTCS
Xpom
C yBennueHneM Xpoma pacTeT y
C yBeJIMUEeHHUEM COAEPKAHUS XPOMa B ONPEACICHHBIX
MIPOYHOCTH U TBEPAOCTH OTJIUBOK, . |
Mpezeiax NOBBIIIAETCS KAPOCTOMKOCTh, KOPPO3UOHHAS
3aMeIIaeTcs npouecc rpadguTuzanuu - . 0.
CTOMKOCTh M U3HOCOCTOMKOCTH CILJIaBa
yriiepona
(
Meow
IIpu conepxkanuu B crase 1 % Menn nmpoyHOCTh MpU
Mens ciocoOcTBYeT rpaduTH3anuu | pactskeHuu noseiiaercs 10 40%, a Tekyyects - 10 50 %
yIJIepoJia, yBETUYUBACT Y COOTBETCTBEHHO Tipu 2% Menu - 10 65% u 1o 70%. \

KUAKOTCKYUYCCTD, ITOBLIITACT
IMPOYHOCTDb U TBCPAOCTH CIlJIaBa

Copepxanue menu 6omaee 2% MpensTCTByeT
00pa30BaHUIO B CTPYKTYpE CIUIaBa IIAPOBUIHOTO
rpadura




IIpakTHyeckas padora
Tema: TexHo0TMS MOJYyYeHUS CTAJIN
Henanb: 3akperuieHre TEOPETUIECKUX 3HAHUI O IIPOLIECCE MPOU3BOICTBA CTAIHU B

KOHBCPTCPpax, MAPTCHOBCKHX IICYAX H 3JICKTPOIICYaX.

1 Onucath OPONECCHI, MPOTEKAIINE TPU BLITUIABKUA CTAINA

IlepBblii 3Tan

Bropo# sran

Tperuii 3Tan

2 Onurcars OpoHece NOJYVUEHU CTAIU B KUCIOPOAHOM KOHBEPTEDPE
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3 Onucarb MPOLIESCC MOJYUYCHHS CTAJIM B MAPTECHOBCKOM IICUH
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4 Onucarb IIPONCCC MOJYUICHUA CTAJIHN B 3JICKTPOIICYAX
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IIpakTHyeckas padora

Tema: MapkupoBka craju

Heab. n3yyenue knaccuduxaum, coctaBa 1 MApKUPOBKHU CTasel

OcHOBHBIC IOHATHUS

B pasnuyHBIX OTpacifx MPOMBIILJICHHOTO IPOWU3BOJICTBA  HaWOOJbIIEE
MPUMEHEHHUE MOTYYUIN YEPHBIE METATUYECKUE CILJIABhI - CTAJIU U YyTYHBI.

Cranp - craB skene3a (ocHoBa) ¢ yriaepojoMm (mo 2,14%), Bcerma COAEPKHUT B
OTIpeIeNIEHHBIX KOJIMYECTBAX MOCTOSIHHBIE IPUMECH: MapraHel, KpeMHHi, cepy, hocdop
1 ra3bl (KUCIOPOJ, a30T, BOJOPO.).

W B cranu, U B YyTyHBl BBOJAT Pa3WYHbIC JIETUPYIOUIUE 3JIEMEHTHI C IIEJIbIO
MOBBIIIEHUST MEXaHUYECKUX XaPaKTEPUCTUK U MOTYICHHS CTICIIMaIbHBIX CBOWCTB.

Hnsa craneit B Poccun mpunsara OykBeHHO-IIMGpoBas MapkupoBka. L{udper u
OYyKBBI yKa3bIBaIOT HA MPUOIU3UTENbHBII COCTaB CTAJIH.

1  VrnepoaucTble KOHCTPYKIMOHHBIC CTajlu OOBLIKHOBEHHOT'O KayecTBa B

cootBercTBUM ¢ ['OCT380-94 nocTaBisitoT Tpex IpyIliL:

- rpynna A - ¢ rapaHTUPYEMbIMU CTPYKTYPOH U MEXaHUYECKUMU CBOMCTBAMH (
G. 0. 9);

- rpynmna b - ¢ rapaHTHpyeMbIM XHMHYECKHUM COCTABOM, JOIYCKAeTCs HAJIM4YWE
XpoMa, HUKels, Meau B koaudecTse He 6osee 0,30 % Kaxa0ro 3J1eMeHTa;

- rpynna B - ¢ rapaHTHpyeMbIMM MEXaHMYECKUMH CBOMCTBAMH U XUMHUYECKUM
COCTABOM.

Mapxkupytot ctayii 0ObIKHOBEHHOT0 KauecTBa OykBaMu CT U yCIOBHBIM HOMEPOM
or 0 no 6. Eciu ctanb OTHOCHTCS K rpynmne A, TO 00O3Ha4€HHE TIPYIIbl B MapKe He
ykazpiBatoT: CtO, Crl, Ct12...C16. Eciin ctans oTHOCUTCS K rpynne b, To B Haudane
mapku ctaBiT OykBy "b": BCTO, BCtl ... BCT6. Ctamu rpynnst B mapkupytor: BCrl,
BCr2 ... BCr5. Cramm Bcex rpynn ¢ HOMEPOM Mapok 1 - 4 MNpOM3BOAAT KHISUIUMU,
IIOJIyCITOKOMHBIMU U CIIOKOMHBIMM, @ C HOMEPaMH 5 M 6 - TOJIBKO IOJIYCIIOKOWHBIMHU U

CIIOKOWHBIMH.
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Cranu OOBIKHOBEHHOTO KauecTBa WCIOJIB3YIOT JUISi W3TOTOBJICHHS JIMCTOB,
MOJIOC, TPOKATHBIX Mpoduiei, TpyO, a Takke s JeTajeii B MOCTOCTPOCHHH U
CYAOCTPOECHHUU.

2 VriuepoaucThle KayecTBeHHBbIC KOHCTpYKIHMOoHHBIE cramu (ITOCT1050-88)

0003HAYalOT JBY3HAYHBIM YHCIIOM, MOKa3bIBAIOIIUM CPEAHEE COAEP)KAHHME YIIIEpo/a B
CTaJdu B COTBIX AOJIAX mpoueHta. Hampumep, cranmu mapok 08, 20, 45 coxmepxar B
cpeaneM cootBercTBeHHO 0,08%; 0,20%; 0,45% yrnepona.

N3 HUX MOXeT OBbITh M3rOTOBJEHA OOJIbIlIasi HOMEHKJIATypa JAeTajel oT maio,
BTYJIOK, IIECTEPEH, IIMUHJIETIEH, IIATYHOB JI0 JIeTajleil, paboTaroNMX B YCIOBUSX TPEHUS
(peccopsl U IPYKUHBI).

3_VruepoaucTele KadecTBeHHbIe HMHCTpyMeHTalbHble cTanu (["OCT1435-99)

MapKHUPYIOT CISAYIOMUM 00pa3oM: BIIepeu CTaBsAT OyKkBy Y, 3a Hell udpy (o1 7 g0 13),
YKa3bIBaIOILYIO CPEIHEE COJEPKAaHUE YTIIIepoia B AECATHIX 10X poueHTa. Hampumep,
ctaib Mapku Y9 conepxurt B cpennem 0,9 % C; Y12 - 1,2 % Cu 1.4.

JI71s BBICOKOKQUECTBEHHBIX YIJIEPOJUCTHIX MHCTPYMEHTAJIBHBIX CTajell B KOHIE
0003HaYeHUsI MapKu cTaliu cTaBsAT OykBy A. Hampumep, Y7A, V13A.

N3 sTux craneil MOKET ObITh W3TOTOBJIEH PEXYUIMHA HHCTPYMEHT — pE3LbI,
HAIMUIBHUKY U JIp., paboTaronnii ¢ HEOOJIBIIMMHU CKOPOCTIMH PE3aHus, @ TAKKE IITAMITbI
JUI XOJIOTHOTO 1e(OPMUPOBAHUSA JUII 00paOOTKH MaTOMPOYHBIX MaTEPHAIIOB.

4 JlerupoBannble KoHCTpykIMoHHbIe cTamu ([COCT 4543-71) wmapkupyroT

JIBYX3HAYHBIM YKCIIOM, MIOKA3bIBAIOIIUM CPEAHEE COJIEpKaHUE YTIepoia B COThIX JIOJISIX
MIPOIICHTA, JJajiee CICAYIOT OYKBBI M A PHI.

BykBbl 0003HauaroT Jerupyromme snemMeHTol: b — Huobuit, B — Bombdpam, I' —
mapranen, | — menp, K — kobamber, M — monuOeH, H — nvumkens, P — Gop, C —
kpemuuid, T — tutan, @ — Banaguit, X — xpom, FO — amomMuHuii.

[Hudper nocne OyKB MOKa3bIBAIOT MPUMEPHOE COJIEPKAHHE COOTBETCTBYIOIIETO
JIETHPYIOIIET0 JIEMEHTA B IENBIX MpolleHTax. Ecnu 1udpa nocie OyKBBI OTCYTCTBYET,

ATO O3HAYaeT, YTO COJCPKAHHWE TAHHOTO JICTUPYIOMIETO JJIEMEHTa B CTaJM COCTaBJISET
npumepHo 1 %. JIyi1 BBICOKOKaUueCTBEHHBIX CTaJIC B KOHIIE 0003HAUYEHUS MAPKH CTABSIT
oykBy A. Hanmpumep, ctanp mapku 12X2H4A conepxut B cpeanaem 0,12 % C, =2 % Cr,

~4 % Ni 1 aBIgeTCa BHICOKOKAQUECTBEHHOM.
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KOHCTpYKLII/IOHHBIC JICTUPOBAHHLBIC cTalin I POKO IMPUMCHAIOTCA B
aBTOMOOMJILHOM IMPOMBIIIJIICHHOCTHU, CTPOUTCIILCTBC H TSHKEIIOM MAalIKMHOCTPOCHHUMN JIsA
HeTaHeﬁ MalliMH WU MCEXaHHU3MOB, pa6OTa}OHII/IX B YCIIOBHUAX CJIOXHOI'OHArpyKCHHUs I10Q
HeﬁCTBI/IeM CTAaTUYCCKUX, JTMHAMHUYCCKUX U 3HAKOIICPCMCHHBIX HAI'PY30K.

5 JlerupoBanHble uHCTpyMeHTanbHble ctanu (I'OCT 5950-2000) mapkupyroT

OJIHO3HAYHBIM YHUCIJIOM, ITOKa3bIBAIOLIUM CpEIHEE COJIEpKaHUE YIriepoAa B JIECATHIX
JOJISIX MPOLICHTA, Jajiee cleAytoT OykBbl U Hupsl. [IpuHIMI 0603HaAYEHUS JTETUPYIOLIUX
DJIEMEHTOB M WX COJAEPKaHME B OTHUX CTalsIX aHAJOTHYeH C MapKUPOBKOM
KOHCTPYKIIMOHHBIX.

Ecnu e ctans HaunHaeTcs ¢ OykBbl (Kpome OyKBbI Y), TOo B ctanu okosio 1 % C.

Hanpumep, crainb mapku 9XC conepxur B cpeaeM 0,9 % C, =1%Cr, =1 %
Si; ctans mapku XBI comepxutr = 1% C, =1%Cr, =1 % W, =1 % Mn.

WHCTpyMEHTalIbHBIE JIETUPOBAHHBIE CTAJU MPUMEHSIOT JJIsi U3TOTOBIICHUS BCEX
BUJIOB MHCTPYMEHTOB: peXymiero (pesipl, pa3BEPTKU, MPOTHKKH), IITaMIIOBAHHOTO
(wTamMobl Ui XOJOJHOTO W TOpPSiYEro AePOpMUPOBAHUSA), U3MEPUTEIHHOTO (KaauOphl,
MepHbI, 111a0JIOHBI).

6 CHCHI/IaJ'IBHBIe CTaJIX 3TO BBICOKOJICTUPOBAHHLIC CTAJIN, B KOTOPBIX COJACPKAHNC

JErupyroux 35eMeHToB 6oiee 10 %, obnanaromme ocoobIMU CBOMCTBAMU, HAIPUMED,
koppo3uoHHoctorikue cramu (TOCT 5632-72), obmamaromme BBICOKOW XUMHUYECKOU
CTOMKOCTBIO B arpeCCUBHBIX cpefiaXx. B cocTaB KOppo3nOHHOCTONMKOM cTaiu 00s13aTeIbHO
BXOJAT XPOM U HHKENb, IPUUYEM COAEpKAHUE XpOoMa JOJKHO ObITh Oonee 12 %, a
MapKUpPOBKAa COXpAHSAET MPUHIUIBI MAapKUPOBKHU JIETUPOBAHHBIX CTajJei: CTalb MapKu
17X18H9 conepxur 0,17 % C, =18 % Cr, =9 % Ni.

OTU CcTaNM TPUMEHSIOT ISl M3TOTOBJIEHUS KIIAMAaHOB THAPOIPECCOB, JIOMATOK
TypOuH, KapOIOpaTOPHBIX WU APYTUX JeTalield MAlllWH, MOABEPTaoluXcs ICHCTBHUIO
aTMOC(EpHBIX OCAJIKOB, BOJIbI, BOJHBIX PACTBOPOB COJIEW U JIPYTHX arpecCUBHBIX Cpe.l
TIp¥ KOMHATHO# Temnepatype i 1o 400° C.

Hekoropble crnenuanbHble CTadd HMMEIOT MAapKUPOBKY, OTIMYAIONIYIOCS OT
BBIIIICU3JI0’KEHHBIX TPABUIIL:

- yraepoaucteie aBroMatHele ctanu (I'OCT 1414-75) ¢ m1OBBIIEHHBIM
conepxanueM cepsl u pocdopa, a uHOTAA ¢ T0OABICHHUEM HEOOBIIIOTO KordecTBa Pb,

Ca, Mn u nip., obanarornire xopoliei o0padaThIBAEMOCTHIO PE3aHUEM, TPUMEHSIOT JIJIs
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M3TOTOBJICHUS JIETajiell Ha METAJUIOPEXKYIIUX CTaHKax-aBTomMaTax. ABTOMAaTHBIE CTalld
MapKupyOT OykBOW A u 1mudpamu, yKa3pIBarOIIUMHU CpPEIHEE COJACpKaHWE YTiepoja B
COTBIX JOJISIX MPOIIEHTA; HanpuMep, Al2 - aBToMaTHasi CTallb C COAEPKAHUEM YIJIEpoa B
cpeaneM 0,12%;

- mapuxkonoammnuukoBeie cramu  ('OCT  801-83) npumenstor aid
W3TOTOBJICHUS TOJIIUITHUKOB Kau€HHS W JPYTUX JieTajei, padoTaromMX B YCIOBUSX
TPEHUs, JODKHBI 00JIafiaTh BBICOKOM KOHTAKTHOW MPOYHOCTHIO U U3HOCOCTOMKOCTHIO,
cogepxkatr okoimo 1 % Cc oOszarenbHbiM  Hammuuem xpoma  (0,4-1,9  %).
[[TapukomOAMIMITHUKOBBIE CTAIN MapKupyroTcs OykBoit “I11”, nanee 6ykBa “X” — xpowm,
COAEPKAHUE KOTOPOrO YKAa3bIBACTCA B JAECCATBHIX MOJAX MpoueHTta. M3 3Ttux craneun
M3rOTaBIMBAIOT MAPUKU U POJIMKH MOUIUITHUKOB, MOAIIMITHUKOBBIE KOJbIIa, KOPITyca U
HaIPaBJISIOIINE;

- owsicTpopexyme cranu (I'OCT 19265-73) npuMeHSIOT 111 M3TOTOBJICHUS
PEXyIIEro MHCTpyMeHTa (pe3lpl, cBEpia, Gpe3bl U T.1.), pabOTAIOIMIET0 MPU BBICOKUX
CKOpOCTSIX pe3aHus. Mapku 3TuxX crajeii obo3HayaroT pycckour OykBoit P (rapid -
OBICTpBI), a cienyromias 3a Hel nudpa ykKasblBaeT CpeJHEEe COJIEp)KaHHUE OCHOBHOTO
JIETUPYIOIIETO 3JieMeHTa BoJbhpama B mporeHTax. Hampumep, P18 - OwbicTpopexymas
ctaib, coneprxkaias okoyio 1 % Cu 18 % W, atakke ~4 % Cr u okono 2,5 % V, Ho
ATO HE BHECEHO B MapKy;

- ctanu, npuMeHsembie g nonydeHuss otiuBok (OCT 977-88), umeroT B
cBoeM oOo3HaueHuu OykBy JI. Hampumep, 15J1 - ctanp njs OTIMBOK, cojepxariasi B

cpeaneM 0,15 % C. U3 3Tux crajieil OTIMBAIOT BTYJIKH, IIECTEPHU U T.J.

Jlerupyrommue 371eMeHTHI M UX BJIMsAHHE HA CBOMCTBA CTAJH
XpoMm - Haubojee AEmEeBbIA W PacHpOCTPaHEHHBIM 3jeMeHT. OH MOBBIIIAET
TBEPAOCTh M IPOYHOCTb, HE3HAYNUTEIBHO YMEHbINAs IIJJACTUYHOCTh, YBEIMYHMBACT
KOPPO3HOHHYIO CTOHMKOCTb; COJAEp)KaHHE OOJIBIIMX KOJMYECTB XpOMa JEeJaeT CTallb
HeprKaBerollel 1 00eceunBaeT YCTOMYMBOCTh MArHUTHBIX CHJI.
Hukesb cooOuiaer crajiv KOPPO3UOHHYIO CTOMKOCTb, BBICOKYIO NMPOYHOCTh U
IJIACTUYHOCTh, YBEIUYMBAET IMPOKAIMBAEMOCTh, OKAa3bIBAE€T BIIMSAHUE HA W3MEHEHUE

k03¢ (ULIMEHTa TETIOBOTO PACIIUPEHUSI.
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Boabdpam oOpazyeT B CTanu OYEHb TBEPAbIE XUMHUYECKHE COCAMHEHMS -
KapOHWabl, pPE3KO YBEIWYHMBAIOIINE TBEPAOCTh H KPACHOCTOMKOCTh. Bombdpam
HPEMSTCTBYET POCTY 3€PEH CTAJM IPU HArpeBe, CIOCOOCTBYET YCTPAaHEHHUIO XPYTIKOCTH
IpH OTIYyCKE. DTO AOPOroi U ACPUIIUTHBINA METAILI.

Banaauii noBbIIaeT TBEPAOCTh U MPOYHOCTh, U3MENIBYAET 3€PHO. Y BEIMUMBAET
IJIOTHOCTb CTaJIM, TaK KaK SIBJISETCS XOPOILIUM PACKUCIUTEIEM, OH JIOPOT U AEPUIUTEH.

Kpemuuii B xonudectBe cBbilie 1% oka3biBaeT ocoboe BIMSHHE Ha CBOMCTBA
ctanu: copepxkanue 1-1,5% Si yBenuuuMBaeT MPOYHOCTH CTalM, MPU 3TOM €€ BSI3KOCTb
COXpaHsETCH. IIpn 00JIbILIEM COJIepKaHUU KPEMHHSI YBEJIUYUBACTCS
ANEKTPOCONPOTUBICHUE W MAarHUTONPOHUIAEMOCTh. KpeMHMIl yBETMYMBAET TaKkKe
YIPYTOCTh, KHCIIOCTOMKOCTbD, OKaJIMHOCTOUKOCTH CTAJIN.

Mapranen npu  coxepkaHud  cBbiie 1%  yBeNIMYMBAaeT  TBEPIOCT,
WU3HOCOYCTOMYMBOCTh, CTOWKOCTh IIPOTUB yAAPHBIX HAarpy3oK, HE yMeEHbLIas
MJIACTUYHOCTH.

Ko0aJabpT NOBBIIIAET KAPONPOYHOCTh, MATHUTHBIE CBOMICTBA, YBEJIWYMBAET
CONPOTHUBIICHUE yAAPY.

MoJindeH yBeIMuYUBaeT KPACHOCTOMKOCTb, YNPYroCTh, IpeAes MPOYHOCTH Ha
pacTsHKEHUE, aHTUKOPPO3UOHHBIE CBOKCTBA U COITPOTHUBIICHUE OKUCIICHHUIO IIPU BBICOKUX
TeMIIepaTypax.

TuTaHn NOBBIIAET IPOYHOCTh U TUIOTHOCTH CTAJIU, CIIOCOOCTBYET U3MEIbUEHUIO
3epHa CTallk, SIBJISIETCS XOPOIIMM DPACKUCIUTENEM, YIydllaeT o0pabaThiBAEMOCTh U
CONPOTHUBIIEHUE KOPPO3UHU.

HuoOwumii ynyuyniaet KMCIOCTOMKOCTb M CIIOCOOCTBYET YMEHBIIEHUIO KOPPO3HUH B
CBapHBIX KOHCTPYKLHUSIX.

AJIIOMMHHMH TTOBBIIAET KaPOCTOUKOCTh U OKATMHOCTOUKOCTb.

Menb yBenuuMBacT aHTUKOPPO3HOHHBIE CBOWCTBA, OHA BBOJUTCSA IJIABHBIM
00pazoM B CTPOUTENIBHYIO CTATb.

Ilepuii MOBBINIAET MPOYHOCTh U OCOOEHHO TJIACTUYHOCTb.

Llnpkoumii okazbiBaeT 0co00€ BIMSHUE HAa BEJIMYMHY U POCT 3€pHa B CTajH,

HU3MCJIBYACT 3CPHO U IMO3BOJIACT IIOJYy4YaTh CTAJIb C 3apaHCC SaI[aHHOﬁ 3CPHUCTOCTBIO.
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ITopsiiok BhINOJIHEHHSI padoT

1 ITomyuuTh OT MpenogaBaTess UHANBUIYAIBHOE 3a/IaHHE 110 KJIACCU(PUKALNUN U
MapKUpPOBKe cTayier (Tadnuma 1).

2 PacuugpoBath 0003HaUEHUE KaXI0W MapKH CTall. YKa3aTh, KAKOU ABIISETCS
CTaJlb IO COJAEPX AHUIO Yyriepoja (HU3KO-, CpeIHE- WM BBICOKOYTJIEPOIUCTOM), MO
CTENIEHU JIETUPOBAHHOCTH (HM3KO-, CPEJIHE- WJIM BBICOKOJEIMPOBAHHOW), KayeCTBY,
Ha3HauyeHuto. Pe3ynpTaT paboThl cBeCTH B TAOIUILY 2.

3 Jnst 3ajaHHBIX MApOK JIETMPOBAHHOM CTaM OMUCATH BIUSHUE BXOSAIIUX B €€
COCTAB JIETUPYIOIIMX JIEMEHTOB Ha CBOMCTBA MOJyYEHHOU CTajIu.

4 TIpeacTaBuTh MpemnoaBaTenio 0O(hOpPMIICHHBIN OTYET MO paboTe U OTBETUTH Ha
KOHTPOJIBHBIE BOITPOCHI.

BapuaHTbl MHAMBHAYAJbHBIX 32IaHU I

Ta6nuna 1 - UaauBuayanpHble 3a1aHus

Ne BapuanTa Mapku CIIIaBOB [Tl H3y4YEHUS
1 Ct0; 08ki; 091°2; V7,
2 Crlc; 10; 091°2C; V7A;
3 Ct2xkm; 15; 30XI'T; V8;
4 Ct3; 20; 12X2H4A; V8A;
5 BCr1km; 25; 25XI'M; Vo9,
6 bCt12nc; 30; 40XH; VOA;
7 bCt3; 35; 38XMA; V10;
8 Ct5; 40; 20X; VI10A;
9 Cr6; 45; 12XH3A; V12;
10 BCt3kim; 55; 38XI'H; VI2A;
11 BCr4c; 60; 30XT'CA; P9;
12 BCrt51c; 0912; V7, 12X18HIT;
13 BCr5c; 14I'2; IX15; V13;
14 bCr6rc; 15T D; IX20CT; V13A;
15 BCr6; 171°C; IX15CT5; X12M;
16 bCr4; 351°C; 40X DA; XBI';
17 BCrlcm; 091°2C; S50XDA; P18;
18 Cr2rmc; 2512C; 65; 30X13;
19 Cr4x; 15X; 18XI'T; 60TI;
20 BCt2km; 20X; 15T 9XC,;
21 bC13; 30X; 70; 50XDA;
22 bCrbrc; 35X; 60I"; 08X17T;
23 BCr5c; 38XA; 75; V12;
24 bCrt51c; 40X; LIX15CT; 70;
25 BCr4cm; 40T 30XM; V10;
26 BCt3xm; 35I'C; 55C2; VOA;
27 Ct6; 60C2; Vo9; X12d1;
28 Cr5; 0912; 12XH3A; VY9,
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Coaepkanue NUCbLMEHHOI0 OTYETA:

1 Tema paGoTbI

2 Ilens paboThl

3 BrimonHeHHOE 3a71aHKE B BUJI€ TAOJIMIIBI 2 M OTIMCAHKUE BIIUSIHUS JICTUPYIOITNX
3JIEMEHTOB Ha CBOMCTBA CTaIU

4 BriBo

Tabnuna 2 - PesynpTaThl paboThI 10 Ki1accU(UKAIIMN U MAPKUPOBKE CTaIeH

Homep Mapxka Pacwugposra Kauecmeo Hasnauenue
sapuanma | mamepuana Mamepuana cmanu mMamepuand
1 08XI8HI0T Jlecuposannas - npumeHsiemcst O
KOHCMPYKYUOHHAS U320MOo6JIeHUs
cmano CBAPHBIX U30ENU,
08 — cooepoicanue pabomarowux 8
yenepooa 0,08%; azpeccusHblx
X18 — cooeporcanue cpeoax;
xpoma 18%, U320MoeGasIom
H10 — cooeporcanue myghenu,
nuxena 10%; mMenioo0OMeHHUKU,
T — codeporcanue mpyobl, Oemanu u
mumana okozo 1 %. V3716l OCHOBHO20
000pY008aHUs U
mpyoonpoeooos,
moeapul
WUPOKO20
nompebJieHusl.

KoHTpoJibHBIE BONPOCHI:

1YTo Takoe craib, XapaKTepUCTUKU CTAIINA?

2 Kak xkiaccuuiupyroTcs CTaly 10 XUMUYECKOMY COCTaBy?

3 Kak M0>KHO MOIpa3AeiuTh CTaIU 0 HA3HAYECHUIO?

4 Kak xmaccupuIUpyrOTCsS CTadd 10 CIOco0y TMPOM3BOJCTBA, CTCIICHH
pacKucieHus?

5 Kak MapKupyroTcsi YriaepOoAuCThie KOHCTPYKIIMOHHBIE CTaJid OOBIKHOBEHHOTO
KauyeCcTBa, KAUECTBEHHbBIC U BHICOKOKaUYE€CTBEHHBIE CTaJTU?

6 Kak MapKkupyroTCsl yriiepoOAUCTbIE MHCTPYMEHTAJIbHBIE CTANIN?

7 Uto Takoe JerupoBaHHasl CTalb?

8 Kak MapkupyroTcs JErupOBaHHbIE CTATH?
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IIpakTHyeckas padora

Tema: Bei0op maTepuaia 1iss KOHCTPYKIUI

M0 HASHAYCHNIO M YCJIOBHUSIM IKCILTyaTallun

]_[e.]'lb: IMOJIYUYCHHUC  IIPAKTHYCCKHX  HABBIKOB BbI60pa MaTCpUuaJIoB  OJIA

KOHCTp}IKI_[I/Iﬁ IO UX HA3HAYCHHNIO U YCIIOBHAM SKCILTYaTallHU.

ITopsok BeINOJTHEHHE PadOThI:

1 U3yuuts Matepualibl cipaBOYHOM TaOIuIIbI (Tabauma 2).

2 Cpenarb BbIOOp MaTepHasioB JUIsl JeTajled MO MX HA3HAYCHHUIO U YCIOBHUSIM
AKCIUTyaTaluy, 3a110JHUB Tabaumy 1.

3 Cnenatb BBIBOJ 10 pe3yJIbTaTaM paboThl.

Tabnuna 1 - Beibop MaTepuanoB uist AeTaiei MO UX Ha3HAYEHUIO U yCIOBUAM

AKCIUTyaTaluu

HaumeHoBaHue aeraaun YcaoBusi padoTbl Boi0OpannbIii MaTepuaJl

1 DnemeHT cBapHOU
KOHCTPYKIIUH

2 IIpyxunHa

3 Kponurreiin

4 Ban

KoHTpo/bHbBIE BONIPOCHI:

1 Kakue cBoiicTBa M KayecTBa aHAIM3UPYIOTCS MpHU BbHIOOpE MaTepuana s
neranu’?

2 Kak cBs3aHa CBapuBAEMOCTh C XMMUYECKUM COCTaBOM MaTepuana’?

3 Yro BiuseT Ha 0O6padaThIBAEMOCTh AaBJICHUEM ?

4 YeM MOBBIIIAIOT U3BHOCOCTOMKOCTh MATEPUAIIOB U U3JICTUA?

5 Yem nOBBICUTH KAYECTBO CTaJICh?

6 Kakue 1o kauecTBy CTaM JOCTYIHEE: YIIIEPOAUCTHIE WU JIETUPOBAHHBIE?

61



Tabnuna 2- XapakTepucTHKa KaueCTBEHHBIX KOHCTPYKIIMOHHBIX CTajiei

Haunwme- Mapku IIpenen Y CI0BHBIN OtHOcHUTENnbHOE TexHomnor
HOBAaHUE craneu MIPOYHOCTH HPH npeaen YIUIMHEHUE CBOM

TPYIIBI pacCTSKEHUH, TEKY4ECTH, (MJIaCTUYHOCTH),

MIla MIla
%

Huskoyrne- | Cranb 05k 330-420 190-250 25-33 CaapuBa
POJIUCTBIE 08; 08k, oOpabater
cTajau 10; 10k JIaBJIC:
Huskoyrie- Crans 15; 460-610 280-360 16-23 Xopc
pPOAUCTBIE 20; 25 CBapUB:
cTajau 00pabartk
pe3ar
Cpenueyrine- | Cranb 30; 670-730 380-430 9-14 IToce «
POIUCTBIE 35;40; 45; 00pabartk
CTaau 50; 55 pe3ar
Bricokoyrne- | Cranb 60; | Bbicokue mpo4HOCTh, UBHOCOCTOMKOCTh U YIIPYTOCTh [Tonsep:
pOIUCTBIE 65;70; 75; pa3IUYHB]
CTaJIH 80 TEPMUY

00pab




IIpakTnyeckas padora

Tema: MapKHPOBKa IIBCTHBIX METAJIJIOB M CIIJIABOB HA UX OCHOBC

Henb: 3akpenyieHUE TEOPETUUYECKUX 3HAHMM O MPOU3BOJACTBE U MAPKUPOBKE
[[BETHBIX METAJIJIOB, HAYUYUTHCS paclIu(pOBbIBATH 3aJaHHBIE MAPKHU I[BETHBIX METAJUIOB U

CILIAaBOB U OIIPCACIIATD 0071aCcTh UX IIPUMCHCHMNA.

Knaccudpukanus 1 MapKUPOBKa BETHBIX CILJIABOB
Menanb ¥ eé cImjiaBbl
Texandecku yuctass Menb 00JaaeT BBICOKMMH TUIACTUYHOCTBIO U KOPPO3HHHOM
CTOMKOCTBIO, MaJIbIM YAETbHBIM 3JIEKTPOCOMPOTUBICHUEM 151 BBICOKOU

TeITIONPoBOAHOCTRIO. [1o uncrore Menp moapasaensator Ha Mapku (I'OCT 859-78):
Mapka MBUk MOO MO MI M2 M3
Conepxanue CutAg, He meHee % 99,993 99,99 99,95 99,9 99,7 99,5

[Tocne 0603HaYEHUS MAapKH YKA3bIBAIOT CITOCO0 M3TOTOBJICHUS MEIH: K - KaTOIHA,
0 - Oec KucinopoaHas, p - packucieHHas. Meab OrHEBOro papUHUPOBAHUSA HE
o0o03HaJaeTcs.

MOOKk - TeXHUYECKHU YUCTask KaToHasi MeJlb, cofiepkariasi He MeHee 99,99% menu
u cepebpa. M3 - TeXHUUYECKH YUCTas MEIb OTHEBOTO pa)MHUPOBAHUS, COJICPKUT HE MEHEE
99,5% menu u cepedpa.

Mennbie criaBbl pa3aessitoT Ha OpOH3bI U JIATYHHU.

Bpon3sl - 370 crutaBel Menu ¢ 0J10BOM (4 - 33% Sn x0T ObIBatoT 6€3 0JIOBSIHHBIE
opon3ssr), ceuHIIOM (10 30% Pb), amromunuem (5-11% AL), kpemuuem (4-5% Si), cyppmoit
u ¢hochopom (I'OCT 493-79, 'OCT 613-79, TOCT 5017-74, TOCT 18175-78).

Jlatyau - cmiaBel Meau ¢ muHKOM (10 50% Zn) u HeOonbImuMU J00aBKaMu
QTIOMHUHUS, KpeMHUs, cBUHIIA, HUKeNs, maprania (TOCT 15527-70, TOCT 17711-80).

MenHple CIIaBbl MpeaHa3HAYEHBI IS M3TOTOBJICHHUS ACTajeii METOdaMU JIUThS,
HA3bIBAIOT JIMTEHHBIMU, a CIUIaBbl, MPEJHA3HAYCHHBIE IS M3TOTOBJICHUS JeTaliei

MJIaCTUYECKUM JeopMHUpOBaHUEM - CIIJIaBaMu, 00padaThIBA€MbIMU JABJICHUEM.



Mennbie crjiaBel 0003HAYalOT HadalbHBIMU OykBamu ux HazBaHus (bp wmum JI),
MIOCJIC YETO CJICAYIOT IMepBhIe OYKBHI HA3BaHWI OCHOBHBIX DJICMEHTOB, 00pa3yOIIHX CILIaB,
U 1U@phI, yYKa3bIBAIOIIUE KOJMYECTBO D3JIEMEHTAa B TpoleHTaX. [IpuHSTHI cremyromue
0003HaUYeHHs]  KOMIIOHEHTOB  CIIaBOB: A —  amoMuHUI; M Mapraseri;
C — cBunen; b — 6epumnuit; Mr — maruuit; Cp — cepebpo; XK — xene3o; M — mbiibsik; Cy
— cypbma; K — kpemuuii; H — Hukenb; T — twran; Kn — kxaamuil; O — 0J10BO;
® — pocdop; X — xpom; L1 - nuHK

[Ipumepsr:

BbpA9Mu2JI - Oponsa, conepxamas 9% amomunus, 2% Mn, octanbnoe Cu ("JI"
YKa3bIBAET, YTO CIJIaB JIUTECHHBIN);

JII40Mu3X - natryns, conepxarniast 40% Zn, 3% Mn, ~1% Fe, octansnoe Cu;

bp0d8,0-0,3 - Opon3a Ha psiay ¢ Meawto coaepskaias 8% onosa u 0,3% ¢gocdopa;

JIAMm77-2-0,05 - natyss coxepxamas 77% Cu, 2% Al, 0,055 wmbimbska,
octaibHOe Zn (B 0003HAYECHHWM JIATYHU, MPETHA3HAYEHHOW JjIsi OOpaOOTKH J1aBICHUEM,
MEPBOE YUCIIO YKA3bIBAET Ha COJIEPKAHUE MEIIH).

B HecnoXHBIX 10 COCTaBY JaTyHSIX YKa3bIBalOT TOJIBKO COJIEPHKAHUE B CIIIABE MEJIN:

JI96 - natyns coaepxkamas 96% Cu u ~4% Zn (Tomnak);

JI63 - natyns coaepxamas 63% Cu u -37% Zn.

AJIIOMUHMH U €ro CIVIABbI

AMIOMMHMH - JISTKUM  MeTajl, oO0O0JaJaloliuii  BBICOKMMH  TEIUIO- W
AIEKTPONPOBOJHOCTBIO, CTOMKUKA K KOpPpO3uM. B 3aBUCUMOCTH OT CTENEHU YaCTOTHI
nepBuuHbld amomuHuii corimacHo ['OCT 11069-74 OwviBaer ocoboit (A999), BbeicOKoOM
(A995, A95) u Texuuueckoit unctothl (A85, ATE, AO u ap.). ATIOMUHUNA MapKUPYIOT
OykBoit A u 1mudpamu, oO03HAUAOIMMMK J0M TiporieHTa cBbimie 99,0% Al; 6yksa "E"
0003Ha4YaeT MOBHIIICHHOE COJIEPIKAHKE JKeTe3a U TOHUKEHHOE KPEMHUS.

A999 - amoMuHMII 0COOOH YHCTOTBI, B KOTOPOM COJIEPKHUTCS HE MEHEe
99,999% Al; AS - amroMUHUN TEXHUYECKOH YUCTOTHI B KOTOPOM 99,5% amoMuHus.

AJIOMUHHEBBIC CIUIABBI PA3JIEISIIOT Ha AeopMHUpyeMBbIe U TuTelHbie. Te u qpyrue
MOTYT OBITh HE YIIPOUYHSIEMbIE U YIIPOUHSIEMbIE TEPMHUUECKON 00paOOTKOM.

epopmupyemoie anromunuegvle cnaagpl Xopouio 00padaTHIBAIOTCS MPOKATKOM,
KOBKOHM, mrammoBkoi. Ux wmapku mpueaensl B ['OCT4784-74. K nedopmupyembiM

AJITOMUHHUCBBIM CILJIaBaM HC YIIPOYHACMbIM TepMOO6pa6OTKOﬁ, OTHOCATCA CIIJIaBbl CUCTCMbI
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Al-Mn u AL-Mg: AMi; AMuC; AMrl; AMr4,5; AMr6. A6OpeBuaTtypa BKIItO4aeT B ce0s
HadaJIbHBIC OYKBBHI, BXOJAIINE B COCTaB CIJIaBa KOMITOHEHTOB M IHU(PHI, YKa3bIBAIOIINE
coJiepKaHuE JIETUPYIONMIETO 3JeMeHTa B mpolieHTax. K nmedopMupyemMbiM amtOMHUHHEBBIM
CIulaBaM, YNPOUYHSIEMBIM TEPMUYECKOW 00paboTKO#, oTHOCATCS cruiaBbl cucteMbl Al-Cu-
Mg ¢ moGaBkaMu HEKOTOPBIX DJEMEHTOB (JIypaiOHbl, KOBOYHBIC CIUIABBI), a TaKKe
BBICOKOIIPOYHBIE U KAPOMPOUYHBIE CILIABbI CII0KHOTO XUM.COCTaBa.

JlypaiitoMuHbl Mapkupytotcst OykBoi "J1" 1 mopsiakoBeIM HOMEpoM, Hanpumep: /11,
12, 118, AK4, AKS.

Yucteii nedopmupyembiii anroMuHuN obo3HayaeTcs OykBamu "AJl" U yCIoBHBIM
obo3HaueHWEeM cTermeHn ero 4nuctoThl: AJlou (>=99,98% Al), AJI000(>=99,80% Al),
AJ10(99,5% Al), A1 (99,30% Al), AA(>=98,80% Al).

JTumeitnvie anrwomunueswvie cnaaesvt (I'OCT 2685-75) obnagaeT XOpoIuieH >KHUAKO-
TEKY4YeCThI0, UMEET CPABHUTEIILHO HE OOJIBIIYIO YCAKY U MIpeHa3HAYEHbI B OCHOBHOM JIJIs
(dacoHHOrO JUTHS. OTU CIUIaBbl MapkupyroTcs OykBamu "AJ[" ¢ mocnenyromum
nopsaKkoBbiM HOMepoM: AJI2, AJI9, AJT13, AJI22, AJI30.

WNuorna mapkupyror no cocraBy: AK7M2; AK21M2, 5H2,5; AK4ML6. B stom
ciaydae "M" o6o3nauaet menp. "K" - kpemuauit, "I11" - nunk, "H" - Hukens; uudpa - cpennee
% coziepkaHu€ JIEMEHTA.

N3 amomuauneBbix aHTu@pukinoHHbIX cmiiaBoB (I'OCT 14113-78) u3roToBisioT
NOJAIIMITHUKYA W BKJIAABIIIN KaK JIUThEM Tak W o0paboTKoil naBieHueM. Takue CriaBbl
MapKkupyroT OykBoi "A" M HadaJbHBIMM OYKBaMH BXOJSIIMX B HHUX 3JeMeHTOB: A(09-2,
A06-1, AH-2,5, ACMT. B nepBbie Ba crjiaBa BXOISAT B YKa3aHHOE KOJIMYECTBO 0JI0BA U
Meau (nepast g pa-ojI0Bo, BTopas-Meab B %), B Tpetuit 2,7-3,3% Ni u B 4eTBepThId Meb
CypbMa U TEJLIYP.

TuraH u ero criaBbl

Tutan - TYroriaBKMil METAJUI ¢ HEBBICOKOW TIUIOTHOCTHIO. YJENbHAs MPOYHOCTH
TATAHA BBIIIE, YEM y MHOTHMX JIETUPOBAHHBIX KOHCTPYKIMOHHBIX CTaJIeld, MOATOMY IpH
3aMEHE CTaJIel THTAHOBBIMU CILIaBaMU MOYKHO MIPU PAaBHOU MPOYHOCTH YMEHBIIIUTH MAcCy
netanu Ha 40%. Tutan xopormto oOpadbaTeiBaeTCs TaBICHUEM, CBAPUBACTCS, U3 HETO MOYKHO
U3TOTOBUTH CIIOKHBIE OTIMBKH, HO 00pa0OTKa pe3aHueM 3aTpyaHuTeNbHA. [ momydeHus

CINIaBOB C YJIIYUYIICHHBIMHA CBOMCTBaMU €ro JICTUPYIOT aJIIOMUHHUEM, XPOMOM, MOJ'II/I6I[€HOM.
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Tutan u ero cruiaBel MapkupytoT OykBamu "BT" u nopsiakoBeim HomepoMm: BT1-00,
BT3-1, BT4, BT8, BT14.

IIsTe THTAHOBBIX criaBoB oOo3HaueHnl uHauve: 0T4-0, 0T4, 0T4-1, IIT-7M,
[IT-3B.

MarHui ¥ ero ciiaBbl

Cpeay  OpOMBIIUIEHHBIX ~ METAJJIOB ~ MarHuii  oOjajaer  HauMEHbLIEH
m10THOCTBIO(1700 kr/m3). MarHuii U €ro criaBbl HEYCTOMYMBBI IMPOTHB KOPPO3WHU, IPHU
MOBBIILICHUH TEMIEPATYPbl MATHUK NHTEHCUBHO OKHMCIIAETCS U J1aXK€ CAMOBOCILIAMEHSETCSL.
On oOnamaer Majaoll MPOYHOCTHIO U IJIACTUYHOCTHIO, MOATOMY KaK KOHCTPYKIIMOHHBIN
MaTepuan YUCThIi MarHuid He HcHojib3yercd. JlJid MOBBIMIEHUS XWMHKO-MEXaHHYECKUX
CBOMCTB B MarHMEBbIE CIUIABBI BBOJST AIFOMUHUM, [IUHK, MAPTaHell U IPyTrUe JErHpyoIue
100aBKHU.

MarnueBbie craBbl noapasnenssor Ha jaedopmupyembie (I'OCT 14957-76) u
muteitabie ('OCT 2856-79). IlepBbie Mapkupytotcsa OykBamu "MA", Bropsie "MJI". Tlocne
OYKB yKa3bIBaeTCs MOPSAIKOBBIA HOMED ciuiaBa B cooTBeTcTBYyIomEM ['OCTe.

Hanpuwmep:

MA1-nepopmupyembrii mMaraueBbiii cmiaB Nel; MJI19-nuteitHbplii MarHueBbId

cruiaB Nel9

3ananue:

1 Onpenenuts 1o Tabyuile 1 3aaHHbIE MapKH I[BETHBIX CILJIABOB
2 PacimdpoBaTh TaHHBIE MAPKH

3 OnucaTh XapakTepUCTUKHU 3aJJaHHBIX CIJIaBOB

4 Pe3ynbTaThl 0POPMUTH B TAOIHILY 2

5 OTBETUTH HA KOHTPOJIBHBIE BOIPOCHI

6 CaenaThb BBIBOJI O TIPOJICJIAaHHOM padoTe.
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Tabmuua 1 - McxoaHble JaHHEBIE

B‘:E 3aaHHbIe MAPKH Ne Bap. 3aaHHbIe MAPKH

1 MO006, Amr3, BT1-00, MJI3 16 ﬁiﬁmmMul’ AMr6, BT1-0,
2 BbpAOMR2JI, AJI19, BT1-0, MJI4 | 17 £§53A6X3MH2’ Jil6, BTIe,

3 BpA7Mul15K3H2112, A6, OT4- 18 JIJAMm77-2-0,05, AJI23, BTS,

0, MA1 MA18

4 bp04117C5, AJIOE, OT4-1, MA2 | 19 bpO®7-0,2, J/118, BT1-00, MA19
5 1\]/5[5’1?;1)4'0’25 , AJI33, OT-4, 20 JI80, AK4M4, BT22, MJI8

6 JIC63-2, AMu, BT5, MJI15 21 bpKMri3-1, AK7, BT20,MJI12

7 JIA77-2, 116, BT9, MA18 22 bpO6116C3, AJI9, IIT-3B, MA2
8 M?2p, AJI25, BT14, MA15 23 JII38Mu2C2, AMr2, BT3, MJI4
9 bpCy3H3I[3C20®D, A8, BT16, 24 bpAXKHMu9-4-4-1, AJ10, BT14,

MJIS MA20

10 I\J/E&ITSMH?’A’ AJI21, BT20, 25 JJAHKM175-2-2, A7, BT9, MJI9
11 JOKM1i59-1-1, AK4, BT22, MJI6 | 26 MO006, AMr3, BT1-00, MJI3

12 JIC59-1, 412, IIT-7M, MJI10 27 bpAOMu2JI, AJI19, BT1-0, MJI4

bpA7Mul5K3H2I112, A6,

13 J168, ASE, 11T-3B, MA12 28 OT4-0, MA1

14 ﬁgﬁmo""“’ AJL2, BTY, 29 BpO4117C5, AJIOE, OT4-1, MA2
15 1\]/5[5)1127MH15>K3H2H2’ AK9, BTS, 30 bpO®6,5-0,4, AJI33, OT4, MJI19

Tabnuna 2 - MapkupoBKa IIBETHBIX METAJIJIOB
Ne i/ | 3apannas | Onucanue 3aaHHOr0 MeTasia | O6JacTh NPUMEHEHHUs 3aJaHHOTO
Mapka HJIM CILIaBa MeTaJ1JIa WJIM CIJIaBa

KOHTpOJILHl)Ie BOIIPOCHI:

1 Yem oTangaroTcs CIICOHAJIBHBIC JIATYHHU OT OOBIKHOBEHHBIX ?

2 OmnpenenuTe XMMUYECKHM COCTaB CHEUUAaJIbHBIX JaryHed nmo ux mapkam: JIAXK60-1-1;

JIO70-1; JIMK52-4-1.

3 Ha kakue BHUABI IIOAPA3ICIIAIOT 6pOH3I>I 10 XUMHUYCCKOMY COCTaBY?

4 Onpenenute XUMHYECKHil coctaB OpoH3 mo ux Mapkam: bpOLICH3-7-5-1; BpKMu3-1

BpOCS-12.

5 K kaxo#i rpyrnme MeTajuioB OTHOCUTCSI TUTaH?
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IIpakTnyeckas padora

Tema: OnpenesieHue 00,1aCTH NPUMEHEHUS 3aJAHHOH MAPKH

IIBETHOI'O METaJIJIa WJIM CIlJIaBa HA €10 OCHOBC

Henb: HAy4YUTHCS ONPEAENATh 0071aCTh MPUMEHEHUS IIBETHBIX METAJLJIOB U CIJIABOB
Ha MX OCHOBE B 3aBUCUMOCTH OT XMMHYECKOI'O COCTaBa; MPUOOPECTH HAaBBIK pabOTHI CO
CIIPABOYHOW JIUTEPATYypOH MO BBHIOOPY CIUTaBa IBETHBIX META/UIOB B 3aBHCHUMOCTH OT

YCJIOBUM UX PabOTHI.

3aganue:

1 3yuuTh yciaoBus pabOThI 3aJJaHHON JIETAJIH.

2 BrpiOpaTh cIiaB IBETHBIX METAJJIOB JIJII W3TOTOBJICHHUS 3aJaHHOM JIeTalw,
U3YUYUTh €€ XUMUYECKHUI COCTaB U MEXaHUYECKHUE CBOMCTBA.

3 JlaTte 060cHOBaHKE BHIOOpA CIIIaBa JUIsl 3aJJaHHOM JIeTamu.

4 CocTaBUTh OTYET O MPAKTUYECKOM 3aHSITHH.

OcHOBHbBIE CBEICHUA

JInsi W3roToBlieHUsA J€Tajled MallMH W MEXaHW3MOB MCIIOJB3YIOT MEJHbIC,
AIFOMUHUEBBIC, MATHUEBBIE U TATAHOBBIE CILIABBI.

Mennbie criaBel. Hanbosnee mpuMeHeHUE MMEIOT JIaTyHM Mapok JI62, JI68 — mis
MOJIYYEHUS JINCTOB, MPEIHA3HAYCHHBIX JJI M3TOTOBJICHHS JI€Tajell METOJ0M TIiIyOOKOH
mtamnoBky; JI59, JIC59-1 — nng mosiydeHMsi KaTaHbIX W MPECCOBAHHBIX MPYTKOB, W3
KOTOPBIX U3TOTaBIMBAIOT BTYJIKH, FAWKH, KOJbIA U T. 1.

N3 cnenuanbHBIX JaTyHeW Onarojapsi BBICOKOM KOPPO3HMOHHOW CTOMKOCTH H
XOpPOIIIMM MEXaHUYECKHUM CBOMCTBAM TMOJy4Wsia IIUPOKOE MPUMEHEHUE JaTyHb MapKH
JIO70-1.

AntomunueBsie 0pon3bl BpAS, BpA7, BplIMn9-2 npumeHstoT A U3rOTOBIICHUS
JeHT, monoc, Tpyook. bponser bBpAXKH10-4-4J1, bpAXK9-4J1 mpumeHsroT 11 (GacoOHHOTO
muThs. Jlo6aBKM B OpOH3Y HHUKENs, *eje3a, MapraHila MOBBIMIAIOT €€ COMPOTUBIICHUE

KOPPO3UHM M YIy4IIalOT MEXaHMYECKUEe CBOICTBa; Hampumep, Oponsa bpAXKHI10-4-4 B
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pe3ynbTare 3akajiku B Bojae npu Temmeparype 920C u mocneayromero OTIyCKa IpH
temneparype 650C nmeer HB 200-250.

CeunnoBucrass Oponza bpC30 o6mamaer BBICOKUMH aHTH(PPUKIUOHHBIMU
CBOMCTBAMHM M NPHUMEHSETCA JUIsl CUJIBHO HArpy>KeHHBIX MOJAMIUIHUKOB C OOJBIIUMU
yACIbHBIMU JaBICHUSAMHU ( HATPUMEDP, KOPOHHBIE MOIIITUITHUKHI TYPOUH).

AJNIOMUHUEBBIE CILIaBbl 00J1a4at0T BBICOKUMU CBOMCTBaMU, HEOOJBIINM YAEIbHBIM
BECOM M YCTOWYHMBBI IPOTUB KOPPO3UU. Pa3znuyaror nBe rpynnbl AIFOMAHUEBBIX CIUIABOB:
auTelHble U Aegopmupyemble. JIuTelHble CIUIaBbl NPUMEHSIIOT JJS H3TOTOBJICHUS
JUTEHHBIX JleTajJedl IMyTeM OTJIMBKM B 3€MJIIHbIE M METauIMYecKue (HOpMBI.
Jedhopmupyemble CriaBbl MPUMEHSIOT 1JIs1 U3TOTOBJIEHUS JIUCTOB, IPOBOJIOKH, (DACOHHBIX
npoduseit ¥ MPoU3BOACTBA Pa3INUHbIX JeTallel yTeM KOBKH, IITAMIIOBKH M MPECCOBAHMSL.

MarHueBble CIJIaBbl MPEACTABISIIOT COOOM CIUIaBbl MarHusi € allOMHHHUEM,
MaprasieM 1 MUHKOM. VX mrupoKko NpUMEHSIOT B IPOMBIIIJICHHOCTH - Kak juteiabie (MJI2
— MIJI6), Tak u nepopmupyembie (MA1 — MAS). U3 ykazaHHBIX JIUTEUHBIX CILJIABOB
HauOoJbIllee  paclnpocTpaHeHWe Toayuua cmap  MJIS,  oOmamaronuid  Jrydinei
xuakorekyyectero. CrutaB MJIS it yimydimieHuss MEXaHMYECKUX CBOWMCTB 3aKaJMBAKOT
(Temneparypa Harpesa 10 415C ¢ mocieayonmm oXJaxIeHUEM Ha BO3IyXe).

JleopMupyeMble MarHueBbI€ CIIJIaBbl UMEIOT OOJIBIIYIO BSI3KOCTh, IJIACTUYHOCTD U
IPOYHOCTh, YEM JINTEUHBIE CIUIABbl, U NPUMEHSIOTCS U1 HM3TOTOBJIEHUS KOBAaHBIX M
IITAMIIOBAHHBIX JeTajied. J[ns yiydlleHuss CBOWCTB MAarHUEBBIX CIUIABOB B HUX BBOJIST
HEOOJIPIIMX KOJHMYECTBaX Oepwinid, TUTAaH W JpYrue DHIIEMEHTbl U IOJBEpPraroT
TepMUYECKON 00paboTKe.

[Ipu pemenuu 3agad PpeKOMEHIYETCS HCIOJb30BaTh ydeOHble mocoous, ['OCTsI,

CIIPaBOYHUKH.

3agaum no BLIOOPY MAPKH CIIABOB IIBETHBIX METAJLIIOB
JJIS1 KOHKPETHBIX JieTajied B 3aBUCMMOCTH OT YCJIOBHIl UX PadoThI
1 Hderamu apmaTypbl TYpOMH M KOTJOB THIPOHACOCOB pPabOTalOT BO BIIAYKHOM
atMoc(epe W M3TOTOBJSIIOT MAaCCOBBIMH TMApPTHSIMH JUTHEM, UMEIOT CIOXKHYIO (GopMy U
BBICOKYIO TOUYHOCTb pa3MepoB. Ilonbepure npumeHsieMblil A1 3TOH 1I€JIM IBETHOM CIUIaB

JUTSL U3TOTOBIICHUS (POPM.
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2 TpyOku B MapOCHJIOBBIX yCTaHOBKAaX JIOJKHBI OBITh CTOWKM MPOTUB KOPPO3UHU.
[TonGepure MapKy crjiaBa Ha METHOM OCHOBE, MPUTOIHYIO JIJIsl H3TOTOBIICHUS TPYOOK, HE
COJIEPIKAILETO JOPOTUX 3JIEMEHTOB.

3 Heo6xomuMo uW3roTOBUTH 3yOyaThle KoJieca W3 CIUIaBOB, CTOMKOrO MPOTHUB
JEUCTBUST BOJBI U Tapa W obianaromiero HeOosbmuM Koddduimentom tpenus. [Ipenen
npouyHocTy He HUxe 340 MIla. Ykaxkute BETHOM CIUIAaB, PUTOAHBIN ISl U3TOTOBIEHUS
oA00HBIX 3yOUaThIX KOJIEC.

4 Jlerasn camoOJIETOB: MEAAJM, pblYaru, CTOMKU MHeAaneil W T.N. U3TOTOBIAIOT W3
CIlaBa C XOPOILIMMHU JIMTEMHBIMH CBOMCTBAMH, OOJIQJAIOLIEro, KPOME TOr0, XOpoIlen
o0pabaTeIBa€MOCTBIO pe3aHueM. [Ipemen mpoyHOCTH cIuiaBa JOJDKEH ObITh He Hike 220
MIla. PexoMenayite COCTaB CIUIaBa, YKAKUTE MEXAHUYECKHE CBOMCTBA €r0 B TOTOBOM
U3JICIIHAH.

5 becmioBHbie TpyOBbl OMPECHUTENBHBIX YCTAHOBOK, TOJAIOIIME MOPCKYIO BOJY,
Harpetyto 0 80-120°C, nenecooOpa3Ho sl TOBBIIIEHUS UX JI0JITOBEYHOCTH U3TOTOBISATH
U3 CIJIaBa CO 3HAYUTEIBHO OOJIbIIIEH CTOMKOCTHIO MPOTUB KOPPO3UU B ITUX YCIOBUSIX.

6 CBapHble OCH3MHOBBIE U MacisiHbIe OaKu, OT MaTepuaia KOTOPhIX He TpeOyeTcs
BBICOKMX MEXaHMYECKUX CBOWCTB, HW3TOTOBJSAIOT B aBUANMPOMBIIIJICHHOCTH M3 JIETKUX
JUCTOB  CIUIAaBOB, OOJIAJAIONIMX  TOBBIMIEHHONW CTOMKOCTBIO TPOTHUB  KOPPO3HH,
IUTACTUYHOCTBIO U XOpoliel cBapuBaeMocThio. [lonbepure crutas, MpUrogHbIN A JAHHOTO
Ha3HAYECHUS.

7 YepBsk peayKTopa AJjisl yMEeHbIeHUsI Kod(PUIMeHTa TpeHUs 4aCTO U3TOTOBISIOT
U3 CTajM, a BEHEIl KOJeC - U3 CIUlaBa Ha MenHou ocHoBe. [logbepute Mapky W cocTaB
cIuUiaBa JJid BeHIla, KoJjieca, 00J1aJaroero BhICOKUMH aHTU(PUKIIMOHHBIMU CBOMCTBAMH.

8 BpiOepute 1BETHOW CIUIaB JJisi M3TOTOBJICHUS PE3EPBYapOB, HCIOJIB3YEMBIX B
MUIIEBON TMpOMBIIUICHHOCTH. [Ipr HEOOXOIMMOCTH Ha3HA4YbTE€ PEKUMBI TEPMUUYECKOU
00pabOTKH, YKAKUTE MEXAaHUYECKUE CBOMCTBA M XMMUYECKUI COCTaB CILJIaBa.

9 BriOepute HBETHOW CIUIaB IS W3TOTOBJICHUS IIECTEPHU 3yOUaTod mepenayw,
paboTarolieil B arpecCUBHOM Cpejie.

10 BriGepuTe MIBETHO# CIUTAaB JJIst U3TOTOBJICHHS TETUIOOOMEHHUKOB, PaOOTAIOIIINX

B a30THOU KHUCJIOTE.
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IIpumep penieHusi TUNIOBOM 321a4M N0 BHIOOPY MapKH IIBETHOT'O CILIABA

3agava. BreiOepute Mapky IBETHOTO CIUIaBa JiJIsi M3TOTOBJICHUS psija JeTayieid
camoJieTa. YKaXHTe COCTaB M XapaKTEPUCTUKH MEXaHUYECKHUX CBOKMCTB CIUIaBa IOCIIE
TEpMUYECKON 00pabOTKH.

Pemenue.

Cmnas 116 9 (,=400MlIla, ¢ ,=540MIla, 9=11%. B KOHCTPYKLUAX CPEIHEN U
MOBBIIICHHOW TPOYHOCTH, TPEOYIOMIUX MOBBIMICHHOW JOJITOBEYHOCTH MPU TMEPEMEHHBIX
HArpy3kax; B CTPOMTEIbHBIX KOHCTPYKLHUSAX, HE TPEOYIOMHUX BBICOKOM KOPPO3HMOHHOM
CTOMKOCTH, JUIsl U3TOTOBJIEHUS (epM, a TakxKe Ui pa3IMYHbIX BBICOKOHAIrpPYy KaeMbIX
JeTanei v 3JIeMEHTOB-KOHCTPYKIUHI, 32 UCKIIFOUEHUEM IITaMIIOBOK M MOKOBOK. CTaBUTCS B
KOHCTPYKITUSX, paboTaromux npu temreparype 1o 250° C.

Cmag /116 - Haubonee pacnpoctpaneHHbIi criaB. OTHocuTcs kK cucteme Al - Cu -
Mg - Mn . OH MHTEHCHUBHO YHpPOYHSETCS TepMHuecKod o00paboTkoil. CrjiaB XOpoIio
nepopMUpyeTcs B ropsueéM M XOJOJHOM COCTOSHMU. ['opsiuas nedopmarusi BO3MOXKHA B
mupokoM uHTepBaje temmneparyp oT 350 0 mo 450 ° C. [dedopmanuu npu KOMHATHOM
TEMIIEpaType CIUIaB MOKET IOABEPrarbCsl Kak B OTOXKEHHOM, TaK M B 3aKAJICHHOM
COCTOSIHMM. MexaHu4yeckre CBOWCTBa MOdy(paOpuKaTOB MOCIE 3aKaIKU U €CTECTBEHHOIO
CTapeHUs B 3HAUYUTEIIBHON Mepe 3aBUCST OT YCIOBUM ITpeiBapuTebHOM 00padoTku. Criias
JI16 yn0BIETBOPUTENBHO CBAPUBAETCSI.

CmnaB J[16 obGmamaer GoJjiee BBICOKMMH IUIACTUYECKUMH XapaKTEPUCTUKAMU U
Kaponpo4yHOCThi0. [IpM cBapke TEPMUYECKH YHPOYHSEMBIX CIUIABOB CBAapHOM IIOB H
OKOJIOIIIOBHASI 30HA 3HAYUTEIBHO OCHAONAIOTCS, OTUYEro CHIDKAETCA KOPPO3MOHHAs
cToiikocTh. IloaToMy cIiaBel 3TOM TIpynmbl OTHOCSATCS K HecBapuBaeMbIM. COOpKy
KOHCTPYKUMWA W3 ATUX CIUIABOB OCYIIECTBISIOT MPU MOMOLIM 3AKJIEHOYHBIX U PEXKE -
OONTOBBIX cCoOeAMHEHUH. [{1s1 mpou3BoACTBa MpOoduiield, TPUMEHIEMbIX PU U3TOTOBICHUU
TSKEJIOHArPY>KEHHBIX KOHCTPYKIMHI UCIIONB3YIOT criaB J[16.

JI16 M3roTaBIMBAIOT JETAM PACTAHYTOW 30HBI KPBUIEB M OOMIMBKY (IO3EIsKEN,
Uit OOmMBKM TrepMokaOuH. OOMIMBKY CaMOJIETOB MPOU3BOIAT U3 cmuaea J[16

MCKYCCTBEHHO COCTAPEHHOTO /JIs1 YBEIMYECHUSI KOPPO3ZUOHHON CTOMKOCTH.
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IIpakTnyeckas padora

Tema: [IpuMeHeHne JICEKTPOTEXHUYECKUX MATEPHAJIOB

Hean: 3akperieHne TEOPETUYECKUX 3HAHHWKM Mo Teme: «Marepuaiabl ¢ 0COOBIMH

(bHSI/ILICCKI/IMI/I CBOMCTBAMM.

3ajanue: NpUBECTU IPUMEDP MPOBOAHUKOBOIO U JUAIEKTPUYECKOr0 MaTepraia 1

OITHCATh 00JIACTh €ro IMPUMCHCHHA.

Xox padoThI:
1 BpiOpaTh TPOBOAHMKOBBIM MaTepuan, AWINEKTPUK, HU3YYUTh O0JIACTh €ro
IIPUMEHEHUS, UCIIONB3YS TEXHUYECKYIO JIUTEPATYPY.
2 OGopMHUTH MUCHMEHHBIN OTYET MO MPAKTHYECKOUN paboTe Mo IIaHy:

3 YcTHBIN OTUET 1O KOHTPOJIBHBIM BOMPOCaM

I1;1aH NUCHEMEHHOI0 OTYeTA:

- TeMa paboThI;

- 11eJTb PaboTHI;

- 3aJIaHUE;

- OMKMCaHKe BBIOPAHHOTO MaTepralia u 00JIaCTH €ro MPUMEHEHUSI

- BBIBO/ 110 PC3yJbTaTaM pa6OTI>I.

KoHTpoJbHBIE BONIPOCHI:
1 XapakTepucTrka IpOBOIHUKOBBIX MAaTEpPUAIOB, 00JIACTh UX TPUMEHEHUS
2 XapaKTepuCTHKa MOJTYITPOBOTHIUKOBBIX MaTepHaJIOB, 00JIaCTh UX TPUMEHCHUS

3XapakTepucThKa JUIIEKTPUKOB, 00JIaCTh UX IPUMEHEHHUSI
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IIpakTnyeckas padora

Tema: [IpuMeHeHHe MOPOIIKOBBIX, KOMIIO3UIIUOHHbIX U

HEMETAVIMYECCKUX MAaTEPHUATIOB

SaHaHne: IIPUBCCTHU IIpUMEP IIOPOIIKOBOIO, KOMIIO3MIITMOHHOI'O n

HCMCTAJNIMYCCKOIro MaTtcpuraia, OrucaTrb ux CBOICTBA M 00J1aCTh €0 IIPUMCHCHUS.

Xox padoThI:
1 IlpuBecTu mnpuMep MNOPOIIKOBOTO, KOMIIO3UIIMOHHOTO M HEMETAJLTMYECKOro
Marepuasa
2 Onrcath OCHOBHBIE CBOMCTBA M 00JIaCTh MPUMEHEHUS BEIOPAHHBIX MaTEPUAJIOB.
3 Pe3ynbTarhl IpeACTaBUTh B BUJIE TAOIHUIIBI 1.

4 OpopMHUTH MUCHMEHHBIN OTYET MO MPAKTHYECKOUN paboTe Mo IIaHy:

Tabnuna 1 — Pe3ynpTaTsl mpakTHUecKOl pabOThI

MarepuaJ CaoiicTBa MaTepuaJia Oobs1acTh NpMeHeHUs

(Ilopowikoswiii mamepuan)

(Komnosuyuonnwiii

mamepuar)

(Hememannuueckuti

mMamepua)

Ilnnan nUCbMEHHOI 0 OTYeTAa:

- TeMa paboThI;

- IeJTb paboTHI;

- 3aJIaHHE;

- OINKCaHWE BBHIOPAHHOIO MaTepuana U 00JaCTH €ro MPUMEHEHUs — 3aloJHEHHAs
Tabauna 1;

- BBIBOJI 110 pe3yJbTaTaM paboThI.
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IIpakTnyeckas padora

Tema: Ilog0op MeTOA0B 3aIUUTHI A1€TAJIH OT KOPPO3UHU

Lenp 3aHATHA: TMOJyYEHUE HABBHIKOB BbIOOpa 3(()EKTUBHOTO METOJa 3aIUTHI

MCTAJIJIOB OT KOPPO3HUH B 3aBUCHUMOCTHU OT JKCILTYaTAITMOHHBIX YCHOBHﬁ.

3anaHne: BBI6paTL MCTO/J[ 3alIUTBI OT KOPPO3HWH B COOTBCTCTBHH C 3aJdHHBIMH

9KCILIyaTallMOHHBIMHU YCIIOBUSMMU.

OcHOBHBIE TeOpeTHYECKHE CBEIEeHHS

Huxenepy mo00il criennaabHOCTH HEOOX0IMMO 3HATh OCHOBHBIC METOIbI 3AIUTHI
METaJIOB OT KOPPO3UH, TAK KaK 3TO MO3BOJISIET BHIOMPATh ONITUMAJIbHBIE METO/IbI 3aIIUTHI
METaUTMYECKNUX M JKEIC300€TOHHBIX KOHCTPYKIIMKA, YTO BEAET K IIOBBIIICHHUIO
JOJITOBEYHOCTH 3JIaHUM, COOPYKEHUH M TEXHOJIOTMYECKOTO O0OpYyJI0BaHHA. JTO B CBOIO
odepelb YMEHBIIIACT 3aTPAaThl HA PEMOHT U 00ecTieUrBaeT O€3aBapUHOCTH TPOU3BOICTBRA.

Kopposuto MeTtania MoKHO 3aTOPMO3UTh MMACCUBAIIMEH U M3MEHEHUEM MTOTEeHIINAala
MeTajlia, yMEHBIIICHUEM KOHIIEHTPAIMU OKUCITUTEIS, U30JIAINE MOBEPXHOCTH METAIJIA OT
OKHCIIUTEISI | TIP.

Bce ati cnocoObl 3amIUThl MOXKHO OOBEIMHUTH B TPYMIMBI: 3alIUTHBIC MOKPHITHS
METaJIJIOB; 00pa0OTKa KOPPO3MOHHOM CpENbl; AICKTPOXUMUUYECKHUE METOJIbl 3allUThI;
MOJIy4YEeHUE KOPPO3UOHHO-CTOMKUX CILIABOB.

[ToxppiTHsl, TpUMEHSEMBbIC [IJIs 3allUThl METAJIOB, TOMAPA3ACIAIOTCS Ha
METaJUIMYECKNe, HEMETAIIMYECKHe W OOpa30BaHHBIE B PE3yJIbTaTe XUMHUYECKOW WU
IEKTPOXUMUYECKONU 00pabOTKU MOBEPXHOCTH METAJLIA.

Merammmdeckie MOKPBITHS 10 XapaKTepy 3allUTHOTO JEHCTBUS TOAPA3IACISIOTCS
Ha KaTOJIHbIE U aHOJHBIE.

K aHOAHBIM OTHOCATCSI TaKW€ TOKPBITHS, B KOTOPBIX META/UT TMOKPBHITUS HWMEET
Oosee OTpUIATENbPHOE 3HAYEHHE DJIEKTPOJHOTO TMOTEHI[MANa, YeM 3alllHuiiaeMasi JeTajb.
Hampumep, xene30, HOKPHITOE IIUHKOM.

[Ipy KATOAHOM TIOKPBITUM METAJUT TOKPBHITHS HWMEeT 0o0Jiee TOJIOKHUTEIBHOE

S3HAYCHUC DJJICKTPOJHOTO IIOTCHIMAJIA, YCM CaMa ACTaJlb. HaanMep, JKCJIC30, ITOKPBLITOC
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MEJIbI0 WM OJIOBOM (JIykeHoe 3kene30). [loka 3amuTHBIM CJIOW HE HapylleH,
MPUHIMIUATBEHOTO PA3INYUS MEXKY dTUMHU MOKPHITUSIMU HET.

[Ipy HapymieHUM UETOCTHOCTH KATOJHOE TIIOKPBITUE TIepecTaeT 3alluiiaTh
OCHOBHOWM METAJJI OT KOPPO3HMH, CO3/[aBas C HUM TajJbBAHWYECKYIO NApy, YCUIIMBAET €ro
KOPPO3uI0. AHOTHOE e TOKPBITUE OyIEeT caMO MOJABEPTaThCs Pa3pyIICHHUIO, 3alTUIIas TeM
CcaMbIM OCHOBHOU METaJll.

Meron o00pabOTKM KOPPO3MOHHOM Cpeibl MPUTOJEH JMJid CIydaeB, Korja
3aIUIIAEMOE U3/IETHE IKCIUTYaTUPYETCs B OTPAaHUYEHHOM 00BheMe KUAKOCTH. Hampumep,
CKOPOCTb MPOLECCOB KUCIOTHON KOPPO3UU MOKET ObITh 3HAUUTEILHO CHI)KEHA BBEJICHUEM
B KUCJIOTY UHTUOUTOPOB — BEILIECTB, 3aMEIJIIONINX KOppo3uto, B konudecTtse 0,1-0,5%.

MexaHu3M JeldCcTBHSI MHTHOMTOPOB 3aKJIIOYAETCS B TOM, 4YTO, aIcOpOMpysCh Ha
MTOBEPXHOCTU METAJLJIA, OHU NOAABJISAIOT IEMCTBUE KOPPO3ZUOHHBIX MUKPOIIAP, IPENATCTBYS
KaTOJHOMY WJIM aHOJHOMY IPOIIECCY MM 00OUM BMECTE.

DJIEKTPOXUMHUYECKUIT METOJ 3allUThl OCHOBAaH HAa TOPMOXKEHUW AHOJHBIX WU
KATOJIHBIX PEAKIIMH 32 CUET U3MEHEHUS MTOTEHIINANIA 3TUX PEAaKIUU.

OnHuM U3  DIEKTPOXUMHUYECKUX METOJOB SIBISIETCS NPOTEKTOpHAsA 3alluTa.
CylHOCTh €ro 3aKJIF0YaeTCs B TOM, YTO K 3allUIIaeMON KOHCTPYKIHUU MPUCOCIUHSIOT
MPOTEKTOP, TO €CTh METAJUI, UMEIOIIHM 00JIee OTPUIATEIbHBIN IEKTPOIHBIN OTeHIaN. B
HCKYCCTBEHHO CO3JJaHHOM KOPPO3UOHHOM rajlbBAHUYECKOU Mape pa3pyiiaeTcs: IpoTEKTOp,

TO €CTh aHOA, a OCHOBHOH METaJLI COXPpaHsACTCA.

Xoxa paboThi:
1 VI3y4nTth TEOPETUUECKUE CBEICHUS O METO/IaX 3aIUThl METAIJIOB OT KOPPO3UU
2 PemuTh KOHTPOJIbHBIE 3a7a4M (M0 YKa3aHUIO MPETO/1aBaTesl)
3 OTBETUTH HA KOHTPOJIBHBIE BOITPOCHI

4 CocTaBUTh MMCHMEHHBIN OTYET 1O padboTe
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KOHTpOJILHBIe 3aJaHUuA

3adaua 1. Xene3o MOKPHITO OJIOBOM, KAKOE 3TO MOKPBITHE: aHOJAHOE WJIM KaTOIHOE?
Pacniucath paboTy KOPpO3MOHHOM TaIbBAHUUECKOHN Taphbl B KUCIION cpe/ie.

3aoaua 2. 13 nepeuncnennbix Metayuio (Cu; Zn; Ni) nogoOpaTh NpOTEKTOP IS
cranbHOM netanu (Fe). Pacnucate paGoTy ranbBaHMYECKOM MHapbl B HEHUTpaIbHOM cpelie
(H20+02).

3aoaua 3. Cumponom Ilapwxka — DiideneBa Oamusa. CrampHoit kapkac 300
METPOBOM KOHCTPYKIIMH BBIMOJIHEH U3 CTajell ¢ pa3inyHbIMU Ao0aBkaMu. OHa Heusneuynma
OOJbHA, pXKaBEET M pPA3pyLIAETCA, M TOJbKO NOCTOSHHAs XUMHUOTEpANHs MOMOTraeT
O0OpOThCSl ¢ 3TUM cMepTelibHbIM HeayroM: E€ kpacunm 18 pa3, otuero e€ macca 9000 T
KaXIpld pa3 yBenuuuBaeTcs Ha 70 T. YUeHbIE CUMTAIOT, YTO MPUYMHOW pa3pylICHUI
ABJISIFOTCSI OKUCIIUTENIbHO-BOCCTAHOBUTENbHBIE TTpo1iecchl. Kakne nMeHHO?

3aoaua 4. B 20-e ronpl XX B. ¢ OJHUM aMEPUKAHCKUM MUJUTMOHEPOM MPOU30IILIA
HernpusiTHas uctopus. [1o ero 3aka3y ObuIa MOCTPOEHA POCKOIIHAS siXTa “30B Mops”. [ms
OOIIIMBKK KOpITyCa SIXThl MCIOJIb30BAJICS CIUIAB HUKEIS C MEIbI0, W3BECTHBIM IO
Ha3BAaHUEM MOHEJIb-METAIIJI. DTOT CIUIaB OTJINYAJICS YPE3BbIUANHO BHICOKOM CTOMKOCTBIO BO
MHOTMX arpecCUBHBIX Cpelax, B TOM YHCJIE€ M B MOpPCKOW Boze. [pyrue nmerain kopiyca
CyaHa OBUTM M3TOTOBIICHBI U3 CHEIHAIBHBIX HEPKABEIONIMX CTajied, T.e. MaTepHalioB,
cozepranux kene3o. Korna sixta Oblia CyilieHa Ha BOJYy, CYJAHO 3aTOHYJIO, HU CJIeIaB, HU
OJIHOTO peica. Y4YeHble CYUTAIOT, YTO MNPUYMHOM MPOU3OLICAIINX COOBITUM ObUIH

OKHCIUTCIIBHO-BOCCTAHOBUTCIIBHBIC ITPOLCCCHI. Kakne nMeHHO?

Il1an oT4yeTa MO NpakTHU4YecKoil padore:
1 Tema paboThl

2 Ienw paboThI

3 3ananue

4 PenieHre KOHTPOJIBHOTO 33IaHHUS

5 OTBeTHI HA KOHTPOJIBHBIE BOITPOCHI

6 BeiBoj o padore
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KOHTpOJIl)H])Ie BOIIPOCHI:

1 Kakoe MOKpBITHE MPOU3BOIAT METAJIAMHU, AJIEKTPOAHBIN MOTEHIMANT KOTOPBIX
BBIIIIE, YeM Y OCHOBHOT'O MeTajlia?

2 JlaTh onpeieieHUE OKCUIUPOBAHUIO

3 Kakue BeliecTBa NMPUMEHSIOT JJISI YMEHBIICHUS arpeCCUBHOCTH  OKpY’>KaeMOM
cpenbl?

4 ITpu KaKoM BHJI€ 3alIUTHI OCHOBHON METaJIJI MOABEPTAtOT COBMECTHOM MPOKATKE C
3alUIIAIOMKM (QJIFOMUHUEM, TUTAHOM HEPKaBEIOIIEH CTalblo)?

5 Kakoe TmOKpbITHE TPOU3BOIAT METAIIAMH, SJICKTPOIAHBIA MOTECHIHAT KOTOPBIX

HUKE, YEM Y OCHOBHOI'O MeTaJija?
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IIpakTnyeckas padora

Tema: Pacuer pe;kMMOB pe3aHus PU MeXaHM4YeCKOHM 00padoTKe MeTaJLII0OB

Ha pa3/iMYHbIX CTaAHKaX

I.[e.m; 3AHATHUIA: IIOJIYYHUTh HaBbIKHU pacdcTa pCXKUMOB PC3aHUsd IIPpHU MEXaHUYECKOM

00paboTKe METaJJIOB.

3amaHme: ompejeieHre OCHOBHBIX IMAapaMETPOB peXUMa pe3aHus IS 3aJaHHBIX

IMPOU3BOJACTBCHHBIX YCHOBHﬁ.

OcHoBHbBIE TCOPETUYECCKHUEC CBCACHUSA

Haznauennslii A5 00pabOTKH 3arOTOBKH PEXUM PE3aHUsI OIPEIesieT OCHOBHOE
TEXHOJIOTMYECKOoe BpeMsl Ha €€ 00pabOoTKy COOTBETCTBEHHO U MPOU3BOAUTEILHOCTh TPY/IA.
Pabora pesanuss nepexoautr B Temno. Co crpyxkkoi yxoaut 80% Teruia, ocTalbHOE
pacupenenseTcss MEeXAy pe3loM, 3arOTOBKOM W OKpy»Karomieu cpenoil. Ilon BnusHHEM
TEIUIa U3MEHSIIOTCS CTPYKTYpa U TBEPAOCTh MOBEPXHOCTHBIX CIOEB pe3Lia U €ro pexyias
COCOOHOCTh. Pexxumbl pe3aHust [JIsl KakIOro ciay4dass MOTYT OBITh pacCuMTaHbl IO
SMIIUpUUECKUM  dopMynaM ¢ y4€TOM CBOMCTB oOpabaThlBaeMOro Marepuala,
YCTAaHOBJICHHOW HOpPMAaTHUBAaMHU CTOMKOCTH pe3lia, €ro TeOMETPUU H MPUMEHSIEMOTO
OXJIAXKICHHUSI.

Ha3znauenne pexXuMOB pe3aHUs HAUYMHAIOT C ONpENENCHUsS MaKCUMAaJIbHO
JIOTyCKaeMOM TIIyOMHBI pe3aHHsi, 3aTeM OINpPEACIAIOT AOMYCKaeMylo Mojadyy U CKOPOCTh
pe3aHusl.

CKOpOCTB TJIaBHOI'O ABMIKCHUS PC3aHUSA

— (1)
rae D — nuametp 3arotoBku;

n—4acToTa BpalmCHUA IITUHACIIA.
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CxopocTh IBMKEHUSA MOIAYM pe3lia

(2)
rjae So - mojava pesia 3a oJuH 000POT IIMUHIEIIS.
OcHOBHOE BpeMsI IIPH TOYEHUHN
— (3)
rae Li — anuna pabouero xojaa pesia.
['myObuna pe3anus
— 4)

rae d — nuamerp 0OpabOTaHHOTO W3IEIHSL.

Xoa padoTsI
1 BHUMaTenbHO M3Yy4YUTh 3aJJaHUE U UCXOJIHbIC TAaHHBIC.
2 Beibpats hopmyiy ¥ pemuTh 3a/1a4y ¢ YIETOM UCXOTHBIX JTAHHBIX.

3 OdbopMuUTh MUCBMEHHBIM OTYET U C/IeJaTh HEOOXOAMMbIC BBIBOJIBI.

3aaaHue U UCXOAHbIE JAHHbIE
3agaya 1.0mnpenenutb CKOPOCTh TJIABHOTO JBMIKEHHMS pe3aHus MpH 00paboTke

34aroTOBKHW ANaMCTPOM D Ha TOKApHOM CTaHKC C 4acTOTOM BpalllCHU MIITUHIACIIA 1.

Bapuanr D,MmMm n,00/MUH Bapuanr D,mMmMm n,00/MUH
1 80 860 6 180 315
2 150 315 7 30 2000
3 45 1600 8 95 630
4 70 1250 9 110 400
5 220 250 10 60 1000
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3agaua 2.0npenenuTh CKOPOCTh JBUKEHUS MOJaud MPpU OOTaYMBAHUHM 3arOTOBKHU

Ha TOKAPHOM CTaHKE C YaCTOTOM BpallleHHs IIMUHEIS N, Mo1auu pe3ia So 3a 0JJuH 000poT

IITTUHIETIS.
Bapuanr n,00/MHUH So, MM/00 Bapuanr n,00/MHuH So, MmM/00
1 400 0,61 6 1600 0,17
2 630 0,43 7 860 0,3
3 200 0,87 8 160 0,95
4 315 0,7 9 1250 0,23
5 250 0,78 10 500 0,52

3anaua 3. OnpenenuTb OCHOBHOE BpeMs MPU POJI0JIbHOM 00TauMBaHUU HA TTPOXO]

3arotoBku D(MMm) mo mmametrpa d (MM) Ha miuHe [ (MM) u royOuHy pesanus. Yacrora

BpallleHUs IMUHIEISA N, Mojgauu pesna So. O0TauynBaHue TPOU3BOJIUTCS 32 OJUH XOI.

Bap. | D, | d, L;, n, So, Bap. | D, | d, | L; n, So,
MM | MM | MM | 00/MHH | MM/00 MM | MM | MM | 00/MuUH | MM/00

1 54 | 50 | 200 1000 0.32 6 43 | 40 | 55 1600 0.26

2 118 | 110 | 350 315 0.52 7 64 | 60 | 80 1000 0.34

3 80 | 75 | 130 800 0.43 8 37 | 35 | 45 2000 0.17

4 72 1 71 60 1250 0.21 9 158 | 150 | 480 | 250 0.61

5 9 | 82 | 150 630 0.57 10 | 142 | 140 | 75 500 0.28

Ill1aH NMCBbMEHHOI0 OTYEeTA:

1 Tema paboThI;

2 menb paboTHI;

3 PEUICHUC 3a1a4 B COOTBECTCTBUH C 3alaHHBIM BAPpUAHTOM;,

4 BBIBOJ 110 paborTe.

KoHTpo/abHbIE BONIPOCHI:

1 Ot kakux (pakTOpOB 3aBUCUT Ha3HAYEHUE PEKUMaA pe3aHusi?

2 Kakue napaMmeTpbl ONPENENSIOTCS IPU PEKUME pe3aHus?

3 OT 4ero 3aBUCUT CKOPOCTh ITIABHOTO ABMKECHUS PE3aHUSA?

4 Kak onpeaeauTb OCHOBHOE BPEMSI TOUCHUS?
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IIpakTnuyeckas padora

Tema: BoiOOp BHI0B JIMThA 1JIS NOJyYeHUs] U3/1eJIUIl

Hean: [Tonyyenne npakTHYECKUX HABBIKOB BHIOOPA CIIOCO0A TUThS U3IETUS
3apanue:
1 BapuanT: BbIOpaTh BUJI JTUThS JIJIs1 U3TOTOBJICHHS CTaJIbHOM BTYJIKH, Maccoit 70
Kr, B konuyectBe 200 mIT/B MECSI] U OMUCATh MapaMmeTphbl MIEPOXOBATOCTH M TOYHOCTH
W3TOTOBJICHUSI U3JIENHSI IO BHIOPAHHOMY METOIY
2 BapuaHT: BbIOpaTh BUJI JIUThS AJI1 U3TOTOBIEHUS YYT'YHHOU KPBIIIKHA, Maccol | T
B KojimuecTBe 10 mT M omucaTh mapaMeTpbl MIEPOXOBATOCTA M TOYHOCTH H3TOTOBJICHUS
U3JIeTus IO BBIOPAHHOMY METOTY
3 BapuanT: BbIOpaTh BUJI TUTHS JUISI U3TOTOBJICHUSI OPOH30BOM BTYJIKH, BecoM 12
Kr, B kKojgudectBe 300 miT/mMecsll U OMMcaTh MapameTphbl MIEPOXOBATOCTH U TOUYHOCTH

HN3TOTOBJICHUSA U3ACIINA 110 BI)I6paHHOMy MCTOAY

OcHoBHBIE CBeIeHHUS

llonyuenue 3acomosox aumvem. JInTbe sABIASETCS OOHUM U3  HaubOojee
pacnpoCTpaHEeHHBIX METOI0B (OpMOOOpa30BaHUSI.

[lo cpaBHEHHMIO C JPYrMMH CIOCOOAMM TOJYYEHHUsI 3arOTOBOK JIMThE 00J1agaeT
PAIOM TPEUMYLIECTB: BBICOKME KOI(P(UIMEHTHl MCIOJIB30BAHUS METajllla M BECOBOU
TOYHOCTH; TMPAKTUYECKH HEOTPaHMYCHHbIE TadapuThl M Macca OTIMBOK;, BO3MOKHOCTb
MCIOJIb30BAHUS CILJIABOB, HE MOIJIAIOIINUXCSA IJIACTUHYECKOMY 1€(OPMUPOBAHUIO.

[IpuOnu3uTenbHOE COOTHOLIEHHE MAaTEepHalIOB, MPUMEHSEMbIX JUIS  JIUThS
COCTaBJIAET: 4yryH - 80%; ctansb - 15%; uBeTHbIe cIiaBsl - 5 %.

1 s W3roTOBIECHMS OMIUBOK U3 YY2YHA TPEYCMOTPEHBI CIEAYIOIINE MAPKU
YY2YHO8:

- ceporit uyryH (I'OCT 1412-85): CY 12; CY 15; CY 18; CY 21; CY 24; CY 28; CU
32; CU35; CY 38;

- koBkuit uyryH (OCT 1215-79): K4 30-6; K4 33-8; K4 35-10; KY 37-12; K4
45-6; K4 50—4; KY 56—4; K4 60-3; KY 63-2;
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- Beicokonpounblid yyryH (I'OCT 7293-85) BU 45-0; BY 50-1,5; BY 60-2; BY 45—
5; B4 40-10;

- antudpukimonueiii uyryn (OCT 1585-85) ACU-1; ACU-2; ACU-3; ABU-1;
ABY-2; AKY-1; AKY-2.

2 Jlnsg W3rOTOBIICHUS OMAUBOK U3 CMALU TIPETYCMOTPEHBI  CIEAYIOUIUE MAPKU
cmaneu (OCT 977-88):

- KOHCTpYKIIMOHHBbIEC HesnerupoBanHsie: 15J1; 20J1; 25JI; 30JI; 35JI; 40J1; 45J1; S0JI.

- KOHCTpyKIMOHHBbIEe JerupoBanubie: 200JI; 35TJI; 20I°CJI; 30T'CJI; 200JI;
20T 1DJI; 30XTCDJI; 45DJ1; 32X06J1; 40XJI; 20XMJL; 20XMDJI; 35XMJI; 30XHMII;
35XT'CJI; 3SHI'MUJI; 20 AXJ1.

- JIETUPOBaHHbIE €O crenuaibHbiMu cBodcTBamu: 20X13JI; 15X13JI; 15X25TII;
20X5MUJT; 20X8BJI.

3 JIns  UM3rOTOBIICHHS OMIUBOK U3  YBEMHBLIX  MEmasl08 IPELyCMOTPEHBI
CIEeIYIOIINE MAPKU:

- aIIOMUHUEBBIE TUTEHHBIC ciaBel: AJI1; AJI2; AJI3; AJI3B; AJl4; AJI4B; AJIS;
AJl6; JI7; AJI7B; AJI8; AJI9; AJI9B; AJI10; AJI10B; AJI11; AJI12; AJI13; AJI15B;
AJI16B; AJI17B; AJI18B.

- MarumeBsle mTeiinbie: MJI1; MJI2; MJI3; MJI4; MJI5; MJI6.

- MEJHO-IITUHKOBBIE cIuiaBbl (JiatyHu) JIA67-2,5; JIAXKMu66-6-3-2; JIAXK60-1-1JI;
JIK80-3JI; JIKC80-3-3; JIMuC58-2-2; JIMuOC58-2-22; JIMIpKS5-3-1; JIMiKS2-4-1;
JIC59-171;

- oponsel: bp.OLICH 3-7-5-1; bp.OLIC 3-12-5; bp.OLIC 5-5-5; bp.OLIC 6-6-3;
bp.OLC 4-4-17; bp.OLIC 3,5-6-5.

OTnuBKM M3 YEPHBIX M LBETHBIX METAJUIOB MOXHO TMOJYYUTh B MECYAHBIX,
000JIOYKOBBIX M METAJUIMYECKUX (PopMax, IEHTPOOESKHBIM JHUTHEM, IO BBHITUIABISIEMBIM U
BBDKUTAEMBIM MOJIEJISIM U JINTHEM IOJ] IABICHUEM. TOYHOCTD JUTHIX 3arOTOBOK HAXOUTCSA
B nipenenax 12 — 19-ro kBasmreToB TouHocTH o 'OCT 25347—82 u 3aBUCHT OT criocoda
JUTHS, GOPMBI U Pa3MEPOB OTIUBOK.

1 Cpocod mojydyeHusi  3arOTOBOK JiumMbeM 6  HECUAHO-2/IUHUCHIbIE
¢opmul BceacTBUE CBOEH YHUBEPCAIBHOCTH IIPUMEHSETCS BO BCEX TUIIAX IPOU3BOJICTBA.
O1uM crnocodom npousBoautTces 0koio 80...85 % nuTeIX 3aroToBoK. MoryT OBITh IOJTy4EHbI

CaMbIC CJIOKHBIC OTJIMBKH, IPAKTHYCCKHW HCOTIPAHUYCHHBLIX PAa3MCPOB. OTIMBKHA HMEIOT
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PaBHOMEPHYIO CTPYKTYPy M XapaKTEpHU3YIOTCS XOpoIled o0padaThIBAEMOCTHIO pPE3aHUEM.
JluteitHple yKJIOHBI COCTaBistOT: 1...3° - mis gepeBsHHBIX moxaeneu, 1...2° - mmd
METAUTMYECKUX MojeNed mnpu pyuyHoil QopmoBke, mnpu wmammaHod — 0,5...1°.
MuHuManbHas TOJIIMHA CTEHOK OTJIMBKU 3aBUCHT OT €€ pa3MepoB M marepuana. [[ns
YYyTyHHBIX OTJIMBOK, HMMEIONIUX Ta0apuTHBIM pasmep 10 250 MM, TOJIIMHA CTEHOK
COCTaBIIAECT 3 — 5 MM, a I CTAIbHBIX OTJIMBOK — 5 — 8 MM.

2  Coocodom iumba 6 00010uK06ble  (POpPMBI U3TOTABIUBAKOT  CIOXKHBIE,
MOBBIIIEHHOW TOYHOCTH 3arOTOBKM M3 YYI'yHa, CTald W ILBETHBIX METAJUIOB BECOM JO
25...30 kr. OTOT cmoco0 AaeT BO3MOXKHOCTh IMOJy4aTh CTaJbHBIC JIUTHIE 3arOTOBKHU C
TOJIIMHOMN CTEHOK 3 — 5 MM U C JIUTBIMU OTBEPCTUSAMH AUAMETPOM J0 8 MM U IITyOUHOM 10
20 mm.

Menkue U cpellHUe 3aroTOBKU B €AMHUYHOM W MEJIKOCEPUIHOM MPOU3BOJICTBE
OTJIUBAIOT B (hOPMBI, BHITIOJIHEHHBIC BPYYHYIO B OMOKAX IO MOJIECTISIM U I1abJIoHaM.

MaiuaHyo GOPMOBKY TPUMEHSIOT B CEpUITHOM U MacCOBOM ITpou3BojIicTBE. [Ipu
OTJIUBKE HEOOJIbII0M mapTun 3aroToBOK (50 — 100 1mIT.) UCTIONB3YIOT IEPEBIHHBIE MOCIIH,

a B 3HAYMTENIbHOW — MeTayummueckue mojnenu. K HemocraTkam 3TOTO croco0a OTHOCATCS:
OonpION pacxon Metauia M (OPMOBOUHBIX MATEpUAJOB, OOJbIIME MPUITYCKH Ha
MEXaHUYECKyl0  00paboTKy, OojblllM€ MPOW3BOJACTBEHHBIC  IUIONMIAUA,  OOJIBIINE
KaluTaJdbHbIE 3aTpaThl ISl CO3/JaHUS HOPMAJIbHBIX YCJIOBUU TpyJa, 3HAYUTEIHLHOE
KOJIMYEeCTBO Opaka.

3 Jlumve 6 memannuyeckue hopmuvl (KOKu1p) IPUMEHSETCS I TMOJYYCHUS
3arOTOBOK M3 YEPHBIX U [IBETHBIX METAIJIOB Maccoi: 4yryHHbIX OT 10 r 7o 10 T, cTanbHbIX
oT 0,5 kr 710 4 T, U3 IBETHBIX METAJJIOB M CIJIaBOB — OT 5 T 10 500 Kr. DTOT BU JIUTHS
OTJIMYAETCS BBHICOKUMHU MEXAHUYECKMMH CBOMCTBAMU M PAaBHOMEPHBIM MEIKO3EPHUCTHIM
CTPOCHHMEM, a TakKe OOJBIION TOYHOCTHIO pa3mMepoB U ¢opm 3arotoBku (12 — 15
KBJIMTET); LIEPOXOBATOCTh IMOBEPXHOCTH HUX cOOTBeTcTBYET Ra 20...25 Mkm. Yacto
MOJIy4aroT OTJIMBKH, HE TpeOyIolue JaIbHEHNIIeH OYUCTKA U 00pabOTKH.

4 Ilenmpobesicnoe numpe. IIpyHIUI TTOTYyYEHUSI 3TUX 3arOTOBOK COCTOUT B TOM,
9TO JKHJIKHA MeTalj 3aJMBalOT B ObicTpoBpamiaromytocs ¢opmy. [lon geiictBuem
HEHTPOOEKHBIX CHUJI METaT OTOpachIBaeTCs K TMOBEPXHOCTH (OpPMBI M 3aTBEPJICBACT,
npuHuMas ee oueptanus. [loaydeHHbIE OTIMBKU 001a4al0T MEJIKO3EPHUCTON CTPYKTYpOH U

ITOBBIINICHHBIMUA MCXaHNYCCKHNMH CBOMCTBaMH. OTUm CII0COO0M qamie BCCTO
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M3TOTaBJIMBAIOT 3aroTOBKM, HUMeromue (Gopmy Ten BpaileHus. [lytrem 1eHTpoOEKHOTO
JUTbS MOXXHO M3rOTaBIMBAaTh OWMMETAJUIMUECKUE 3arOTOBKM KaK 3allMBKOM JKHJIKOTO
MeTaJljla Ha TBEP/IYIO OBEPXHOCTh, TAK U MOCIEA0BATEILHON 3AIMBKOM KUIKHUX METAJIJIOB.
TOYHOCTH CTaJIBbHBIX U UYTYHHBIX 3arOTOBOK COOTBETCTBYET 11 — 14 kBamuTeTaM TOYHOCTH,
HIEPOXOBATOCTh MOBEPXHOCTH Ra 40...25 Mxkm. DOpMbl U3JIOKHUIIBI, U3TOTOBJIECHHbBIE W3
JIETUPOBAHHBIX CTanel, No3BOJAIOT noydyath 10 2000 — 3000 oTauBOK.

5 Cnocodom 1umpsa no evinnasenaemvim mooenam (IPEUU3NOHHOE, WU TOYHOE)
[OJy4aloT TOYHbBIE OTJIMBKH CIIOKHOW (DOpMBI U3 TPYyAHOOOpaOATHIBAEMBIX pPE3aHHEM
MarepuanoB BecoM oT 1 r g0 500 kr, ¢ TommuHo#i cTeHok oT 0,15 MM 1 1imHOo0 10 1 M
O0onee. MHUHMMaNbHO JOMYCTUMBIA JIMAMETpP JIMUTOrO OTBepcTHs cocrtaBisier 0,8 mwm.
TO4YHOCTH 3arOTOBOK, MOJIYYEHHBIX MO BBIIUIABISIEMBIM MOJEsIM, cooTBeTcTBYeT 11 — 13
KBaJUTETaM, a mepoxoBaTocth Ra 10...2,5 MKkM. DTOT criocob 1enecoo0pa3Ho NPUMEHSATh
TJIaBHBIM 00Pa30M B YCIOBUAX KPYITHOCEPUIHOTO MPOU3BOJICTBA.

6 Cniocodom siumus noo 0asnenuem NONYYAOT TOUYHBIE 3arOTOBKHU U3 IMHKOBBIX,
ATIOMUHUEBBIX, MAarHMeBBIX U JAaTYHHbIX cruiaBoB. [locnexyromass MexaHuueckas
00paboTKa TaKWX 3aroTOBOK JMOO COBEPIIEHHO WCKIIOYAeTCs, JUOO CBOIUTCS K
BBITIOJTHEHUIO OTACJIOYHBIX omepanui. JIuThe MOJ JaBiI€HUEM HCIONb3YyeTCS W s
MOJIyYEHUS JeTaJIel CIIOKHOU KOHPUTYpAIUU U3 KAPOTPOUHBIX U HEPIKABEIOIIUX CTAJICH.
TO4YHOCTh 3aroTOBOK COOTBETCTBYET 8 — 12 KBajnuTeTaM TOYHOCTH, IIEPOXOBATOCTH
noBepxHocTH Ra 5,0...0,63. Tak kak CTOMKOCTH (hOpPM ISl JIUThSI TOJ JIaBJICHUEM BeChMa
BBICOKAs, 3TOT CMOCO0 11e71eCO000pa3HO MPUMEHSTh TOJIbKO B MACCOBOM U KPYITHOCEPUMHOM
MIPOU3BOJICTBE.

XapakTepUCTUKN PACCMOTPEHHBIX CIIOCOOOB TOJYYEHUS 3aroTOBOK OTJIMBKOMN

pUBEICHbI B Ta0IHIIE 7.
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Tabnuma 7 - XapakTepucTUKa JUTHIX 3aTOTOBOK

Meron nonyuyeHus

Macca

3arOTOBKH, T

Haumenrnimas
TOJIIIINHA
CTEHOK, MM

TouHoCTH
BBITTOJIHEHMS,
KBaJIUTET

[ITepoxoBa-
TOCTh R, ,MKkM

JIutbe B pa3oBbie POPMBI

JIutee B necuano-rnunucteie | Jo 100 qyryH 3 — 5 IT 17 80-20 4yTy
(hopmBbI: cren
- py4Hasi (POpMOBKa 110 cTayp 5 — 8 CILIZ
JIEpEBSHHBIM MOJEISM Ho 10 IT16-17 20-5
- MalMHHas GpopMoBKa I[BETHbIE
- MalMHHas GopMOBKa 1O 3-5 cruiaBbl 3 — 8 IT14-16 20-5
METAJUINYECKUM MOJIEIISAM
JIuTbe 1o BBIILIABISAEMBIM cTai
MOJIEIISIM Ho 0,15 0,5 IT11-12 10-2,5 o0pe
CILIa
JIutbe B 060710YKOBBIE crams 3 — 5
dopms: Jlo 0,15 amomuamnii 1 — | 1T 13 - 14 10-2,5 oy
ITecuano-cMoOISIHBIE, 15 IIBET
XUMHYECKH TBEP/ACIOIINE ’
JIuTbe B MHOTOKpATHBIE (POPMBI
LlenTpobexHOE NTUTHE 0.01 1 5_6 IT12— 14 40— 10 qyTYy
i IBET
Jlutbe 1o naBIeHUEM o 0,1 0,5 IT9-12 5,0-0,63 IBET
JIuThe B KOKUIIb ZEIC?I;}IIII){)) ayryH 15, e
0,5(1BeTHBIE IT12-15 20-2,5 zez
U ctasp 10 H

CILJIaBBI)




O¢opMuTh NMCHbMEHHBIH 0TYET 110 MPAKTHYECKON paboTe 1Mo IIaHy:
I Tema

2 lens

3 3amanue

4 Oncanue BEIOPAaHHOTO MaTepraja U 00JacTH €r0 IPUMEHEHUS

5 BeiBog no pabote

KOHTpOJIbHLIe BOIIPOCHI

1 Kakue cymiecTByr0 OCHOBHBIE CIIOCOOBI JTUThSI METAILIOB?
2B 4yem npeuMyIecTBa JUThS MO CPAaBHEHUIO ¢ 00pabOTKON METAIIOB
pe3aHuem?

3 KakoBsbl MMPpCUMYIICCTBA JINThA B KOKHJIb I10 CPABHCHHUIO C ITUTHCM B 3eMII0?
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IIpakTHyeckas padora

Tema: Boi0op MeT010B 00padOTKH AeTAIH

ean: nogo6paTh MeTo 00paOOTKH 3aJaHHON JIeTa)IN

3aganue: BoiOpaTh 1 onucaTh cioco0 Moy4eHHs 3a1aHHOM J1eTalu:

1 BapuanT: [11aii6a xpenexHas
2 Bapuanr: Konplo noammnHuka

3 Bapuanrt: Brynka

OcHOBHEIE CBeIeHUS

bnarogaps MIacTHYHOCTH METAUIOB, NPOSBISAIOMIEHCS Tpu JaedopMmanuu B
XOJIOJHOM WJIM TOPSYeM COCTOSIHUM, MOXXHO W3MEHSATHh ()OpMY HMCXOJHON 3aroTOBKH,
MOJTyYEHHOM, €CTECTBEHHO, KaKUM JIMO0O0 JpyruM MeToaoM. OTHOCUTENBHO JIETKas
00paboTka METaUIOB JAaBJICHHEM BO MHOTOM OIpEIeseT WX MIUPOKOe MpPUMEHEHHE.

OOpaboTka METAJIOB JABJIICHHEM TEXHOJOTUYECKOE CBOMCTBO HACTOJBKO
CYIIECTBEHHO, YTO KOTJAa-TO Jaxe ObUJI0O OCHOBOM  ONpEeNeHHs MeTalla.

[Tpu mnacTrueckoit gedopmaluy MeTajia MPOUCXOIUT CMEIIIEHNE aTOMHBIX CJIOCB
JPYT OTHOCUTEIBHO JIPyTa BHYTPH KPUCTAIUIOB U CMEIIEHUE KPUCTATIOB OTHOCUTEIIEHO
apyr apyra. BaxHoi 0COOCHHOCTHIO 3TOTO BUAA JAehOpMallid SBISIETCS OTCYTCTBHUE
paspymieHus. KoHedHo, pa3Hble METaUIbI W WX CIDIaBbl O00OJAJar0T Pa3IHIHOM
CIIoCOOHOCTRIO  nepopmupoBaThess 0e3  paspymieHus. [lmacTHYHOCT,  METaIoB
OIICHUBACTCS BEIMYMHONH OTHOCHTEIHHOTO VYJIMHEHHWS CTaHIapTHOro olpaslia mpu
pa3pbiBe. DTa BEJIMUMHA Yy IUIACTUYHBIX MeTawioB kosebnercs ot 10 go 50 %. B
HACTOSIIee BpeMs pa3paboTaHbl CBEPXIUIACTUYHBIC CIUIABBI, OTHOCUTEIBHOE YIITMHECHUE

KOTOPBIX ITPH PA3PBIBC MOJKCT JOCTUT'ATh COTCH IIPOLICHTOB.
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OOpaboTka METaJIOB [JABJICHHUEM MOXET OCYUIECTBIISAITbCA HaJa CIUIaBaMH,
00JaalomuX BBICOKOW TUIACTUYHOCTHIO TAaKUMHU KakK: HHU3KOYTIEPOAMCTHIE CTallH,
CIJIaBBI ATIOMHUHUS, MU (JIATYHH ), MHOTHE JIETUPOBAHHbBIE CTAIH.

O0paboTka MeTaNIOB 1aBJIEHUEM B OCHOBHOM MPOMU3BOISAT IPU UX HArpeBe, T.K.
IpU HAarpeBe IUIACTUYHOCTh METAJIOB CYIIECTBEHHO yBenuuuBaercs. [Ipum Harpese
KpOME TOr0 CYIIECTBEHHO CHMKAETCSl MPOYHOCTh METAJUIOB, MO3TOMY YCHJIMS JJIS HX
nepOpMUPOBAHMS 3HAUUTEIBHO HIXKE, YTO TMO3BOJISIET MPUMEHATH Oojiee MPOCTOe
000pyI0BaHHUE U UHCTPYMEHT.

O0paboTka METaIOB 1aBJIEHUEM MOXKET MPOUCXOAUTh HECKOJIBKUMU METOIaMH,

HallpuMcep: IIpOKaTKa, IIPECCOBAHHUC, BOJIOYCHNC, KOBKA, IITAMIIOBKA.

KOoBKAa
ocagka npoTsIXKa NpOLLMBKA
P OTKpbITas  3aKpbiTas
é ‘ P ‘ P
% p | |
LITamMnoBKa npeccoBaHne BOJ1IOMEHUE
0bbemHas NUCTOBAS npsiMoe obpatHoe
©
[ Dl | EX
/ / — | —
7% —
w |
npokaTkKka
npogonbHas nonepeyHas nonepeYHo-BUHTOBAS NCTOBaS copToBas

- D
- === %

[Tporecchl 00paOOTKM METAUIOB JIABJICHUEM 10 HA3HAYCHUIO MOJIPa3AC/ISIIOT Ha

JIBa BUJIA:
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- JJIS1 TOJIyYeHHS 3aT0TOBOK IOCTOSIHHOTO TONEPEYHOr0 CeYeHHUs! 1o AJIMHe
(IpyTKOB, MPOBOJIOKHU, JIEHT, JIUCTOB), MPUMEHSEMBIX B CTPOMTEJbHBIX KOHCTPYKIIMSIX
WIH B KQUECTBE 3ar0OTOBOK JJIS1 OCIEAYIOIIEr0 U3rOTOBICHMS U3 HUX AETAIEH — TOJIBKO
00paboOTKON pe3aHWeM WIM C HCIHOJb30BaHUEM MPEABAPUTEIHLHOTO IJIACTUYECKOIO
dbopMOU3MEHEHNsI, OCHOBHBIMH DPA3HOBUAHOCTSMU TaKUX IMPOILIECCOB  SIBISIOTCS
IIPOKATKa, IPECCOBAHUE U BOJIOYCHUE;

- IJISl MOJIyYeHHsl AeTaliell WM 3aroroBok (mosydadpukaToB), MMeEOUIUX
npuoamkéHHo ¢GopMbl M pa3Mepbl TOTOBBIX JeTajield U TpeOyromux oO0pabOTKU
pe3aHueM Juib JUIs OpUJaHUSd MM OKOHYATElIbHBIX pPAa3MEpPOB M IOIyUYECHHUS
MOBEPXHOCTH 3a/IaHHOTO0 KAadyeCTBa; OCHOBHBIMU DPA3HOBUJIHOCTSMHU TaKHUX MPOLIECCOB
ABJIIIOTCA KOBKA M IITAMIIOBKA.

Ilpokamka - 1pouecc  IUIACTUYECKOrO  eOpMHpPOBAHUS  T€l  MEXAY
BPAIIAIOIIMMUCS TPUBOJHBIMU BAJIKAMHU.

Ilpeccosanue 3axmoyaercs B NPOJABIMBAHUM 3aroTOBKHM, HaxXOIAILIEWCS B
3aMKHYTOH (popMe, uepe3 OTBEpCTHE MATPULIBL, TpHUEM (hopMa U pa3Mephl MOMEPEUHOTO
CEUEHHUs BBIABIEHHOMN YaCTH 3arOTOBKHU COOTBETCTBYIOT (JOpPME U pa3MepaM OTBEPCTUS
MaTpHULBI.

Bonouenue 3akmouaeTcsi B NPOTATMBAHMM 3arOTOBKM 4YEpe3 CYKAIOILYIOCS
MOJIOCTh MATPHULBL; IUIOIIAAb IOMNEPEYHOr0 CEYEHUS 3aroTOBKH YMEHBIIAETCS U
noJrydaetr (opMy MOMEPEYHOTO CEUEHUS OTBEPCTUS MATPULIBI.

Koekoni u3meHsI0T GOopMy U pa3Mepbl 3aroTOBKM IyTEM IOCIEI0BATEIILHOTO
BO3JICHCTBUSL YHHMBEpPCAJIbHBIM HHCTPYMEHTOM (OOiikaMH) Ha OTAENbHBIE YYaCTKH
HArpeTou 3aroTOBKH.

IlImamnoekoii w3MeHAIOT (GOpMy U pa3Mepbl 3aroTOBKM C IOMOIIBIO
CHEUUATU3UPOBAHHOIO MHCTPYMEHTA — IuTaMma (I KaKI0M JeTaaud H3TOTOBISIOT
CBOM IITamI), KOTOPbIH COCTOMT W3 MAaTpULIbl, IyaHCOHA U JOMOJHUTENIbHBIX 4YacTeH.
PasznuyaroT 00bEMHYIO U JIMCTOBYIO IITAMITOBKY.

[Ipyu 00BEMHON IMITAMIOBKE B KauyeCTBE 3arOTOBKHM HCMOJIB3YIOT COPTOBOM
MeTaJll, pa3pe3aeMblil Ha 3aroToBk. Ha 3arotoBky B mporuecce 00beMHON IITAMIIOBKH
BO3JIEUCTBYIOT CHEUAIIM3UPOBAHHBIM HHCTPYMEHTOM — ITyaHCOHOM, IIPU 3TOM METaJlI
3aIOJIHSIET MOJIOCTh MATPUIIBL, IpHOOpeTas e€ GopMy U pa3Mephl.
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JIncTOBOM IITAMIIOBKOM IMOJIY4alOT IIOCKHUC U ITPOCTPAHCTBCHHLIC IT0JIBIC ACTAIN
M3 3aroToBOK, Y KOTOPBIX TOJIIOWHA 3HAYWUTCIIbBHO MCHBIIC PAa3MCPOB B IIJIAHC (J'II/ICT,

JieHTa, rosoca). OOBIYHO 3aroToBKa AehOPMHUPYETCS C MOMOIIBIO TyaHCOHA U MAaTPUIIBI.

Conep:xanue NMCbMEHHOTO 0TYETA:

I Tema

2 Ilenb

3 3amaHue

4 Onucatb c1oco0 MOTydYeHUs JeTalu C 3apUCOBKOM CXEMBbI ITpolecca

5 BeiBo 10 paboTe

KoHTpoJibHBIE BONIPOCHI:

1 Knaccudukauus nporeccoB 00padOTKH METAIOB 1aBICHUEM 110 Ha3HAYCHUIO
2 XapakTepHuCTHKa Ipoliecca KOBKH

3 XapakTepucTHKa Mpolecca mMTaMIoBKU

4 XapakTepucTHKa Mpoliecca BOJIOYCHUS

5 XapakTepucTrKa npolecca mpeccoBaHus
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