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Beeaenue

IlpovsBojicTBeHHas NEATENBHOCTh YeJOBeKa CBA3aHa C norTpeblieHueM
3HAYHTENBHOIO KOJIMYECTBa NMPHPOAHBIX PECYPCOB ¥ BHIOPOCOM B OKPYXKAIOIIYIO
Cpe/ly pasNH4HbIX OTXO/IOB, YTO HEFATHBHO BIUACT HA KOJOIHYECKHUE NPOLECcChl H
JKOHOMHYeCKHe nokasarend. Cpeunu Bcex oTpaciieli HApOAHOro XO3AHCTBA
METAUIYPIrUs W JIMTEHHOE IPOM3BOJCTBO OTHOCATCH K OAHMM H3 MarepHalo- U
IHEPro€MKHM NPOU3BOACTBAM ¢ OGONBIIMM KOMHYECTBOM OTXOJOB H BbIOpPOCOB.
IMosToMy  BONPOCHI  HCTONB30BAHHS  MANOOTXOAHBIX M 06e30TXoiHBIX
TEXHOJIOTHYECKUX NPOLECCOB ABIAIOTCA aKTyallbHBIMH.

Yto e cneayer MOHMMATh MOX TePMHHaMH 0e30TXONHas B MalOOTXOAHAA
TeXHOJOruu?

«be30TXoNHOEe  TPOM3BOJCTBO —  COBOKYMHOCTh  OPraHHM3aliHOHHO-
TEXHHYECKHX MEPONPHATHH, TEXHONOIHYECKHX TMpoIeccoB, obopynoBaHus,
MaTtepuanos, o0ecreyHBaoX MAKCHMAILHOE M KOMIUIEKCHOE MCMONBE30BaHHE
CHIPES M MO3BOJIAIOUIMX CBECTH JO MHHMMYMa OTPHIATENbHOE BO3JCHCTBHE HA
OKPYKaKIIYIO Cpeay».

«ManooTXolHBI TEXHOJOIHYECKHH mponecc — 3TO Takoi rpoiece,
KOTOpBIif T103BONIAET COKPaTHTh WM [MOJHOCTBIO HCKIIOYHTH 3arpA3HeHHe
oKpyxaromeli cpensi, ofecneunTs TIIyOOKYyI0, KOMIUIEKCHYIO nepepaborky
MEPBHYHONO CHIPES M OTBANOB NPOMBILUICHHKIX MPEANPHATHA H TONYYUTH
3HAYHTEJILHBIA SKOHOMHYECKHI H SKoNorudeckuit addexm.

Kak BuaHo Mexay onpejencHUsMH «6e30TXOJHAA TEXHOJNOTHD» H
«MaNIOOTXOJIHASI TEXHONOTUA» CTPOIOH rpaHuIlbl HET.

B ocHOBe METOHOB CHIDKEHHS OTXONOB M CO3/aHUA MAalOOTXOAHBIX
TEXHOJIOTHH B METAJUIYPIriM MOKHO BBIACTHTE CAEAYIOIHE HalpaBJIeHH:

- 5KOHOMMS! METaILIa;

- DKOHOMHS HEMETAUINYECKUX MaTePUaIoB;

- SKOHOMMUS SHEPIHH;

- COKpAIl[eHHe TEXHOTEHHBIX OTXOHOB, UX YTHIN3AlMA U nepepaboTka;
- COKpallleHHEe BpeHBIX BRIOPOCOB.

B nanHOM MeTOAHuYecKoM mocobum Tema ynaGopaTopHeix paboT cBA3aHa C
HAnpaBJICHWEeM 3KOHOMMH METa/Ula, B HaCTHOCTH, COKpallleHHEM MeTajlla Ha
npubbUls ¥ [(OBLIMUCHUEM TEXHOJIOTMYECKOro BhIXoAa roasoro. Jpyrum
HanpaB/ieHHeM ABJIACTCS TOBBIIIEHHE pa3sMepHOH H MaccOBOM TOYHOCTH OTJIMBOK
32 CYET WCMONB30BAHHA CHEUHANBHBIX METOJOB JUThA (IHTEE B KOKWIIb,

neHrpobexHoe IUTHE).



JlaGoparopuan paGora Nel
MNOBBIUEHUE BHIXO/JIA 'OJHOTO ®ACOHHBLIX
OTJIMBOK I1PH JIUTHE B KOKWIb

Henn paboTsl

O3HAKOMHTh CTY[EHTOB Ha IIpaKTHke C BO3MOKHBIMH cnocobamu
nossimenns addexrupHocTH paboTsl MPHOBUICH ¥ TEXHONOTHYECKOrO BLIXOAA
roguoro (TBI). Uccrenosath BIMARKE TEILIOHIONALHH npubBIed Npy UThHE B
KOKMJIb HA BEJIMUMHY M XapakTep pacriofiOKeHHs yCaJ09HbIX nedexros.

OcHoBHBbIE NOJIOKEHHS '

OpaumM 3 Haubosee KPYMHBIX HCTOYHHKOB MOTEPh METaIa Ha (dacoHHoM
MTHE W CIIMTKAaX SBISETcS pacxop Metamna Ha npubbuid. B ciydae nonydenus
(acoHHBIX OTAMBOK Pacxoji MeTaLia Ha npubsun goxomut o 50-100% ot macch
OTAMBKH, @ MHOIJA M CYNIECTBEHHO IPEBBILIACT 100%, B To %e Bpema 00bEM
YCAJIOMHBIX PAKOBMH COCTaBISET BCEro 3-5%. Takoe TONOKEHHE CHIBHO
MOBBILIACT CeOECTOMMOCTD JIMThA ¥ CHWKACT TEXHOJOTHYECKUH BBIXOJ POJHONO,
KOTOPBIi SBJIAETCS OJIHAM M3 [VIABHBIX KPHUTEPHEB OLCHKH paboTsl npuOBLIN.

TBI" = 2 100%,
Mag N (1)

re Mg ~ MAcca OTIHBKM; Mg — MACCA 3aTUTOTO B ¢dopMy KMAKOro MeTaia,
My ™ Mo+ My Mg My = MACCH npuGKITH; My, ~ MACCA JINTHUKOBOH CHCTEMBI.

Ha npakTHKe MeTaiypri ¥ AHTCHIAKE BCEr/1a CTPEMATES CHIINTE PacXo/l
MeTaUia Ha NpubsUIM |, CIIe/I0BATE/IbHO, NOBLICHTE TBI'. U3 anannsa BhIpaxeHHs
(1) aT0 MOXHO CJeNaTh, YMEHBUIHB 3HAMCHATENh, B PEMIBHEIX YCTIOBHSIX 9TO
03HaYaeT COKpAIIEHHE MacChl TPHOBLIH My,

[Ipexxae 9eM TrOBOPHTh O BOIMOXKHLIX BApHAHTAX TOBBILICHAS TBI
HeoOxomuMo HMeTh obuiee npejctTamienne o6 ycaake u npubBUIAX.

Veajka — CBOHCTBO METWLIA ¥ CILIABA YMEHBINATECH B pa3Mepax obnéme
APH OXJIAKACHAH B KHIKOM COCTOAHMH, B HHTEPBAJIC zaTBepAeBaHus (T — Teon)
W NOCHACAYIONEro OXAWK/eHHs B TBEPAOM COCTOSHMH - 10 TEMIEPaTyphl

OKpyKaloweit cpejinl.
Pammmuaior uueitayio (€,) u 06pémHy0 (€,) BHIBI yCaNoOK:

l

v, -V,
&= —"—‘74100, (3)

|
rae Vo — HavaneHbli 06BHEM OTIMBKM B JKHJIKOM COCTOSHHM NpH Temiicparype
JKUAKOTO MeTana; ¥y — o6BEM OTIMBKH nocie 3aTBEPACBAHMA W OXJIKICHIS 110
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TeMIepaTypsl OKpyxatoueil cpefpl; /o — HayanbHas JUIHHA OTIMBKH; /) — JUIHHA
OTIMBKH IIPH TEMIIEPATYPE OKPYKaKoWeH Cpe/sl.

E.=3E; . (4)

B cooTBETCTBMM € OnpejeeHHeM TmonHas oOnémuad ycanka (€,) BKOHaer
CeYIONHe COCTaBNAIONIHE!

Ev= Ext Exnt En, (3)

r7ie Ex — YCa/lka B )KHAKOM COCTOSHHHM (0T TeMrepaTypsl 3aMUBKH A0 Tyu); Exre —

ycanka B npouecce 3arsepaeBaHus (0T Thyw A0 Teon); Ers — ycanka B TBEPAOM
cocTostanK (0T Top, IO TEMITEPATYPhI OKPYXKatowmie cpesinl). :

Ipn 3aTBepieBaHHM OTIMBOK oM 06BEM ycankn (Vos) npossisercs B
BUE YCAZO4HBIX ITyCTOT (monoctei), a WMEHHO ycajlouHOW pakoBuHbl (V) u
MHOTOYHCIIEHHBIX MENKHUX 1op (Ycafo4Hol NOpUCcTOCTH Vy):

VoﬁT—‘ Vp+ Vn . (6)

Veajoykas pakosHua — e(eKT B BUJIE OTKPLITON WIIH 32KpBITOH MOJOCTH
¢ rpy6oil 1mepoxoBaToil, WHOrJA OKMCIEHHOH IOBEPXHOCTHIO, 0Opa3oBaBIIEHCH
BCJIEJICTBHE YCAAKH IIPH 3aTBEpAEBaHHH METaILIA.

Yeanounasn nopucrocTs — JeeKT B BHE MENKHX nop, obpa3oBaBuinXcs
BCJIEJICTBHE YCallKu METa/lla BO BpeMs €ro 3aTBepACBaHHA NPH HEAOCTATOYHOM
MTUTAHHW OTIHBKHU.

OTnEBKA C yCaJOYHBIMH AedekTaMu HE TNPUIOAHBI JUIS MCIOJNB30BaAHUA.
[ToaTomMy AJist TIONYHEHHUS TUIOTHBIX OTIIHBOK YCAJIOUHYIO PAKOBHHY W NOPHCTOCTD
HEeoBXOAHUMO BHIBECTH» W3 OTJIMBKH B JONOJHHTENBHEIN 00BEM, U3 KOoTOpOro Okl
IPOMCXOIIO NMUTAHWE OTMBKHY XHIAKAM METAUIOM B TEYEHHE BCEro mepuosa eé
sarsepaesatus. Ponb TAKOro JOTIONHHTENbHOTO 00BEMA KaKk pas H BBINOJHACT
npubBLUIbL.

Hpubbuib — 3TO JIEMEHT JUTHUKOBOH CHCTEMBI WM MOJIOCTH JIMTEHHOH
GOpMBI IS NUTAHMA OTIMBKH XMIKAM METAUIOM B MEPUOJ 3aTBEpACBaHHA H
yCajikH.

ITocne 3arBepjieBaHMs OTIHWBKHM YCa/JioyHas pakoBHHA W TOPUCTOCTD
ocTaloTcs B MpUOBLIM, a OTIMBKa mosyyaercs Ges ycajgounbix aedexros. Ilocne
OXJIXKIEHMS OTHUBKA NpuOLUIL OTJENAeTCA OT OTIMBKH M WIACT Ha Nepenas, a
OTNHMBKA TIOCTYNAaeT Ha MexaHu4deckyro obpaborky. M xors npubeuis ynopoxaer
ce6ecTOMMOCTS M3TOTOBJICHHS OTIHBKH, YCJIOXKHAET TEXHONOrHYeckui mpouecc,
yBeIMUMBACT PacXo] MeTa/ula, HO 3Ta BBIHYXIEHHas Mepa u obssarenbHoe
CPEJICTBO NMOJIyuEeHHSA KaueCTBEHHBIX OTIMBOK.

Takum oO6pazoM, MMOMYHaeTcs, YTO OCHOBHBIM CpPEACTBOM YCTpPaHCHHA
ycafouHbIX nedeKToB ABNAETCSH YCTAHOBKA Ha oTnuBke npubsuim. Ho npn sTom
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HeobxoauMo, 9TOOBI OHA OTBEYasNa CACAYIOUIHM tpeGoBanusM: Obuia NPaBIIBHO
pasMeleHa Ha OT/IHBKe (Ha BEpXHEH 4acTH, Ha Hanbosiee MAaCCHBHBIX WM FOpAYMX
y3nax), OOBEM IKMAKOrO MeTauia B npubsiin  AomkeH Opith  Gonbine
HeoGXOMMMOro VIS KOMIIEHCAUMH yCaikd, NpuOBUIL NOIDKHA 3aTBEpACBATH B
NOCJENHION O4Yepeb. ,

JI1st BHIMOJIHEHMUS! TIOC/IEIHETO YC/OBHA H COXPAHEHHs METAla B HKH/IKOM
COCTOSHWM B TEUCHHEe BCErO IIepHOoJia 3aTBEPACBAHMA MPUMEHAIOT PazIHYHbIC
crocoGhl TENIOM30NALHMA 1 o6Gorpesa npubLLIeH. .

B kauecTBe TEIUIOH3ONALMOHHBIX MATepHANOB [PHUMEHSIOT TaKue, Y
KOTOPBIX HA3Kas TEIIONPOBOAHOCTH, BHICOKAA MOPHCTOCTS W HU3KAA ILIOTHOCTE.
Takamm  cBoicTBaAMH OGNANAOT CMOAA, BCHYYEHHBIH MEpIuT, rpadwur,
BCIYYCHHBI BEpMHKYJIHUT, acbecT, THIC, JIErKOBECHBIH WIAMOT H Ap.
Tenaou30NAIHI0 NPHOBIIEH MOXHO OCYIIECTBIATL H nobaskoii B (HOpMOBOYHYIO
cMech BHITOpaloIMX J00aBOK — JAPEBECHBIX OTIMBOK, [PEBECHOro yrmi H
APEeBECHOM MYKH.

Jina nossimesns 3GQeKTHBHOCTH paboTsl NpuOBUIM B TOCIEHIOID BHOCAT
NOMNOJHHUTENBHOE KONHYECTBO TEIUIOTHI. Dro nenaercs ¢ nomoiusio oborpesa
npubbIIcH — SK30TCPMHUYECKUMH M TEPMUTHBIMH CMECAMH, OJICKTPHYECKHMH
cniocobaMu — 3NeKTPOYTOBEIM, HHAYKIHOHHBIM, SJIEKTPOILIAKOBLIM.

B uTefiHBIX H METALTYprHYecKuX uexax Haubonee pacnpoCTPaHCHHBIM
SBJISETCA dK30TepMuYeckuii oforpes npubbUiel. IIpuMEHEHHE SK30TEPMAHECKHX
COCTABOB OCHOBAHO HA MCIONE30BAHHM TEIUIA, BBIACHAIOLIErOCH IPH OKHCIICHHA
FOPIOYMX KOMIOHEHTOB, BXOJAUMX B COCTaB ak3oTepmMudeckoil cmecH. [lpn
KOHTAKTE ¢ KUAKHM METALIOM 9K30TePMUYECKas CMECh BOCTUIAMCHACTCS H TOPHT
¢ BRUIENEHHEM TEIUIOTHI, 3@ CUET Yero MeTaul B NpuOBUTM HONBIIE HAXOJUTCH B
JHIKOM COCTOSIHMH, OO€creYHBacT HANpaBICHHOE 3aTBEP/ICBAHME H MHTAHHE
HYDKEJIEeXKAIUX CIOEB OTIIHBKH.

OcroBoil GONBIIMHCTEA FK30TEPMUYECKHX CMecei At oborpesa npubkKLIei
CTAIBHBIX H YYTYHHBIX OTIHBOK SBIAETCH MENe30NMOMHHUEBEIH TEPMHT —
MexaHHueckas cMech MOpPOMKOOOpasHOro aMOMHHHA U OKHCIIOB JKEJIC3a B BHAC
XKeJe3HOH OKaJHMHBl WIH  PYJBI. B ocHoBe HEHCTBHS 3K30TEPMHUYECKOM CMECH
JNIEKHT PEaKIHs OKHCICHHS ANOMHHNMA C BEICTCHAEM TEILIOTHI, Hanpumep:

2Al+Fe,0:=2Fe+AlLOs+850:10° Iix (7)

Jlns UBETHOTO JIATHS NPUMEHAIOT nopomKooOpa3Hele TEPMHTE! W3 OKHCH
MeJIH | AHOMHHHA. )

VerpaHeHue yCajiodHbIX HeeKTOB H MOBBIEHHE BBIXOAA TOAHOTO
BO3MOXCHO TAaKKe 3a CUET CO3/aHuA JOUNOJHHUTENBHOTO JABNEGHHA KHJIKOTO
metaia B npubbuu. [To 3ToMy NMpHU3HAKY pasivqaroT OprOBUTH TA30BOI0 HIH
BO3/YITHOTO JABIEHHS, MPHOBUTH aTMOCHEPHOTO JIaBIEHHS.

K crnocobaM YCTpaHeHHs YCAJOYHBIX PAKOBHH W HOPHCTOCTH OTHOCATCA
Takue NpUEMBI KaK  yBEIMYCHHE CKOPOCTH  3aTBEPACBAHMA  OTJINBKH,
MCIOJNB30BaHHEe BHYTPEHHHX W BHEIIHMX XONOJHJIBHUKOB, CYCHEHIMOHHAA
3aNMBKa, BHIOOP PALMOHANBHOrO MECTa I0/IBOJIa METAINA K OTIHMBKE, JO/NHBKA
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WUAKOIO  MeTayta B npubeink M fipyrue cnocobbl, obecneunsarolye
HanpasleHHOe 3aTBep/ieBanye OTAUBKH. [IpHHIMI HaNpPaBIeHHOrO 3aTBEP/CBAHHA
3aK/TI048ETCA B TOM, 9T00BI 06ECTeYuTh YCIOBUSA, NPH KOTOPBIX NpHOELIL Gyzaer
3aTBEPIEBATH B ITOCIEAHIOK O4Yepe/ib.

Kpome Toro, BenMyWHa YCaflouHBIX AC(PEKTOB 3aBHCHT OT XHMHYECKOro
COCTaBa ¥ BUJa CIUIaBa, HHTEPBAJia 3aTBEP/CBAHNA, MaTepHana GOpMBI, TOJUINHBI
OTNHBKH, TEMIIepaTyphl 3aIMBAEMOI0 Crijiasa M Ap.

B naunoii pabore cTyaeHTaMm MpeiaraeTcs HCCIeloBaTh BIMAHHE -
TEIUION30MS MK NPHOBUIM Ha BEUMYMHY YCAJIOYHOH PaKOBHHbLI H MIOPHCTOCTH NpH
3aJIMBKE ANIOMHHUEBOIO CIUIaBa B KOKHIIb.

Kokuaes — Merainudeckas GopMa ¢ €CTECTBEHHBIM WM MPUHYXUTETbHBIM
OXNaXKJCHHEM, KOTOpas 3anoNHACTCA JKHAKMM METajyioM IoA JAeHCTBHEM
rPaBUTANMOHHBIX CHIL.

JInThEM B KOKWIb M3rOTABNMBAIOT JCTAIH npam*uqecxu U3 BCEX NHTEHHBIX
criaBoB.  Benencrsue  Gonbmiol  TenoakKyMmyJHpylomled  crnocoGHOCTH
metannugeckas (opma obecneuyuBaer OONBIIYIO CKOPOCTH OXJKACHHA, HeM
necyaHas. B  pe3yabTaTe 9TOre KOKHABHbIE OTIMBKM HMMmeloT Oonee
MEJIKO3EpHUCTOe CTpoeHHe, Oonee BBHICOKYIO TIUIOTHOCTE W MEXaHHYECKHE
cBoiictBa (Ha 30-50%) mo cpaBHeHMIO ¢ OGBIMHBIM JNTHTHEM. Merannuyeckue
dopMBI COCOBCTBYIOT NOMYHEHHIO OTJIMBOK C JIydllel pa3MEpHOH TOYHOCTBIO H
YUCTOTOM NOBepXHOCTH, uYTOo Ha 40-50% CHHXaeT NPUIYyCK HAa MEXAHHYECKYIO
o6paborky. Bricoxas cToHKOCTE KOKWICH, T.€. BO3MOXHOCTE MHOINOKpaTHOro
MCTIONB30BAHUA MeTAHUeckuX (opM (HECATKH W COTHH ThHICAY 3aJMBOK),
MO3BOJISET  Pe3KO  YMEHBIIUTHh  CPY30MOTOKH,  COKPaTHTh  IUTOLIAAH
NPOU3BOJICTBEHHBIX M CKIANCKHUX NMOMEMICHHUH, YBEIHYHTh NPOH3BOAUTEILHOCTD
Tpyna paboumx (B 2-4 pasza), CHM3MTH TpyHoémkocTh (Ha 30-50%) u
ce6ecTONMOCTE M3roTOBJIEeHHS OTAHBOK. OnepalMy TeXHONOrHYecKoro npouecca
NIATHS B KOKHIIb JIETKO MOAAAIOTCS MEXaHH3aLMK W aBToMaTu3aluy. B uexe pesko
yAy4IDAOTCs YCHOBHsi TPyJAa W KyJNsTypa npoussoicTsa. OIHAKO BCIEACTBHE
GonpIoN TPYMOEMKOCTH M BHICOKOHW CTOMMOCTH METAJUIHYECKHX (opM JIHTHE B
KOKWJIb  3KOHOMHYECKH menecoobpas’HO NpPHUMEHAT B  MaccoBOM H
- KpYITHOCEPHIHHOM IIPOM3BOJICTBE, KOT/la MHHUMAJILHBIH pasMep cepuH, HalpHMep,
U3 AIOMHHMEBEIX cTuiaBoB He meHee 400-700 wTyK B rof.

K HemocTaTkaM KOKWIBHOIO JINTBS, OCOOEHHO IPH U3rOTOBJICHHH CIOXHbIX
TOHKOCTEHHBIX OTJIUBOK, CIEAyeT OTHECTH HEMOAATIMBOCTE METaIHYeCKOH
GOpMEI, BOZMOXKHOCTE 00pa3oBaHMs YCAJOYHBIX TPEIMH M €€ abCoMIOTHYIO
ra30HeNpPOHUIAEMOCTE, YTO TpebyeT YCTPOHCTBA CHEIUANbHBIX MEPONPHATHHA JUIA
BEHTHIISILIMH TIONOCTH NUTeHHOMH HopMBL.

IMPOBEJIEHUE PABOTBI
ObopynoBanye, NpHOOPEI U MaTEPHANBI ;
IMnaBuneHas meyb, KOKWIH, [ITAHTEHUMPKY/b, JIHHEHKa, XpOMelb-
AMOMENEBbIE TEPMONAphi C MOTEHIHOMETPOM, CIEOeX1a, HOXXOBKa, HaXAaYHas

Oymara.



MOPSJIOK IMTPOBEJEHMS PABOTHI

1. O3HAKOMMTBECH C HACTOSIMM onucaxueM, mpubopamu, obopyjosannem
MHCTPYKIIKEH 110 TexHuke 6e30nacHOCTH.

2. O3HAKOMHTECS C YCTPOMCTBOM KOKHJS, OCODEHHOCTAMM NUTHUKOBOH
CHCTEMBI ¥ IPHOBLIH.

3. IToaAroTOBHTE BE METAJUIHYECKHE ?opmu (xOKWJIH); IPH MOMOLUM NASIIEHOM
naMnel TOJOrpeTh Mx po T= 150-200 “C, nanectn cnoif kpacku Ha paGouyio
MOBEPXHOCTH KOKHIIS.

4. PacniniaBUTh AMOMHHHEBBIH CIUIaB.

5. 3anuTh KOKWIN IpH TeMIIEPaTypax, 3alaHHBIX MPENo/aBaTeNeM.

6. U3pneus OTIMBKH U3 GOPM H OXJIJHTh 10 KOMHATHOH TeMIEpaTyphl.

7. Pa3spesaTh HOXOBKOH MNOJNYYEHHBIC OTNMBKH MONOJIAM BJOIE NPOAOIBLHOM
OCH. .
8. [IpUroTOBUTH TEMIUIETHI.

9. 3aMepuTh BEJIHYMHY YCANOYHBIX NE(DEKTOB H NPOBECTH CpaBHHUTEJbHbIH
aHaIM3. :

10. CocTaBUTE OTYET.

COJIEPYXAHME OTUETA

1. HaumeHoBanue paboThl.

2. Llens paGotsl,

3. Kpatkoe nanokenue obummx cBeieHHi.

4. Onpcanue METOMKH NPOBEICHHs IKCIIEPUMEHTA, IPUMEHAEMOTO 0B0PY10-
parus 1 npnGopos.

5. DCKU3BI XOKHIIA, TEMIIIETOB,

6. PeaynbTaTsl 3aMepa ycafouHbIX aedexTos.

7. OcHOBHBIE BEIBOABI 10 pabore.

KOHTPOJILHBIE BOIMTPOCEI

1. Uro TaKoe TEXHONOTHIECKH I BBIXO/ TOJIHOTO M OT YEro OH 3aBHCHT?

2. Yro TaKoe ycajKa, BHJIBI ycaaku?

3. Kaxue fiedyeKThl B OT/IMBKAX CBA3ANBI C yCaKOH?

4. Yemy paBna nonnas oGnémuan ycajika?

5. W3 uero cknaasipaercs obumit 06b8M ycanouHbix mycrot?

6. Jlaiite onpejeeHue ycanoqHoi PaKOBHHE! U YCAN0YHOH TIOPHCTOCTH.

7. Yro Takoe npubsuib, TpeGoBaHus K HEH? ;

8. Hazosure criocobbl yiyqmeHust paGoTsl NpuObLIH.

9, Jlns 9ero MCHONB3YIOTCA TEIUIOM3ONAIHOHHEIE MaTepralst H TpeboBanus K

HAM? '

10. IMepeuncnute cnocobsl oborpesa NpHObLLIEH.

11. B u8M CyTh 3K30TepMHYECKOro oborpesa npuObUIei, OCHOBHBIC KOMIIOHEH-
Thl, BXOJAIIHME B COCTAB 3K30TePMHYECKOH CMECH.

12. Tlepeuncnute (GaxTopsl, OKa3bIBAIOUINE BIUAHHC HA BEAMYMHY YCANOHHBIX
nedexros.

13. Hazosute criocobsi nopemenus TBI.

14. YTo Takoe KOKMIIb, €ro MpeuMylIecTBa U HEOCTaTKU?
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JlaGopaTtopuan paGora Ne2
HEHTPOBEXHOE JIUTBE

Henws paborsi

O3HakOMUTH CTYHEHTOB Ha IPakTHKE ¢ LEHTPoBGeXHBIM crocobom
H3IOTOBJICHHUS OTITHROK.

- O6mue nonoxenns

I.Iem'poﬁexcuoe JUTHLE — 3T0 Cr1ocod H3roTOBNICHNUS OTIHBOK, npn KOTOPOM
3aloNHeHHe (OpPMBI pacIUIaBOM M €ro 3aTBepIAEeBaHHE MPOMCXOAAT B IONE
AeHCTBUS LEHTPOOEKHBIX cuil. Takoe moJie BO3HUKAET NpH BPALICHHW JTHTEHHOMN
¢opmer.  Takum ofpazoM, cCymHOCTs TpoHecca HEHTPOGEXKHOro  JIUTHA
3aKIIOYAeTCH B TOM, YTO XXMAKMA METall 3aJHBalOT BO Bpaljamouyiocs ¢opmy,
Npyd STOM 1O/ JEHCTBHEM HEHTpPOOSXKHBIX CHJI OH IUIOTHO NPHXHMAeTcs K
BHYTPEHHUM CTEHKaM (OpMBI, BOCIPHHHUMAET €& KOH(HIypalHi0 H B TaKOM
COCTOSIHHUH 3aTBEpJieBaeT.

J10T cnoco® NPUMEHAIOT B OCHOBHOM JUIS W3rOTOBJICHHSN OTJIMBOK,
NpeACTaBNAIOMNX COGOH Tena BpalieHus (BTYJIKH, TpyObl, KOJbL@a H T.N.) M3
4YTyHa, CTaJIH ¥ IBETHHIX METAJIJIOB H CILIABOB.

[Tpn teHTpoGexHOM NHTHE NPUMEHAIOT pasHooOpasHbIe MuTeliHbIe GOpPMEL,
HO Haubonee YacTO MCHONB3YIOT METAUTHYECKHE W3NOXKHUIEL. DOpMEl
NPUBOAATCS BO BpallleHWe Ha CHCUUAIBHBIX YCTAHOBKAX, HAa3bIBAEMBIX
OEHTPOOEKHBIMM - MamuHamu. JUist  NONYYEHHS  OTJIMBOK  HauGoubluee
PacnpoCTpaHEHHE MNOMYYHNM [EHTpoOeKHbIE MAIUMHBI € TOPH3OHTAILHOM
(puc.1,a) u BepTHKAILHOM OCBIO BpamieHus (puc. 1,6).
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Puc. 1. Cxema HeHTPOGEKHONO JIHTHA:
1 - pa3nMBOYHEI XOBII; 2 — M3NOKHKIE; 3 — Kpbiluka; 4 — KEn06

TexHONOTHS UEHTPOGEKHOrO JHUTH 3aAKNMIOYAETCA B TOM, HTO BO
BPAIIAIOLIYIOCS MPE/IBAPUTENBHO MONOIPETYIO H3NONKHHILY 3aNMBAIOT KHAKKH
metamt. ITof aeficTBHEM HEHTPOOEKHOM CHJIBL, BO MHOTO pa3 NPEBLILAIONIEH CHITY
TSKECTH, PACIUIAB 3aNOMHAET MONOCTSs NuTeliHol dopwmsl u 3atBepaenaet. Ilocne
3aTBEpACBAHMS ¥ YACTHYHOTO OCTHIBAHWA OTJIMBKY  BpauiCcHHe ($OpMEI
NPeKpamaloT, FOPSYyIO OTIMBKY M3BNIEKAIOT, POPMY OXIaX/AIOT 110 ONTUMANBHOH
remneparypsl  (200-300 °C), Ba e& pabouyl0 MOBEPXHOCTH HAHOCST
TEINIOH3ONAMOHHYIO Kpacky W mpouecc nosropsiercs. I'opauyio OTIHBKY
OXNAKJAIOT HA BO3JyXe WM B oxnaautensHoii xamepe. [lpu HeobxoaumocTH
OTJIMBKH TOJBEPraioT TepMuueckoi obpaborke.

I'naBHas 0coOEHHOCTH HEHTPOOEKHOIO NUThA 3aKIIOYACTCS B CEAYIOMEM.
Ha mo6yio 4acTHUy BpallaloONIErocs paciiasa JeHACTBYIOT JIBE  CHIIBIL
nenTpobexHas (P,) ¥ rpaBHTAIMOHHAS — CHIIa TSDKeCTH (Pr).

Belu4rHy 3THX CHJI MOXHO OTIPeJIeHTh 10 Gopmyanm:

P.=m wz r: (1)
PT . O g b] (2)
rae m— macca HacTHIb; @ — YacTOTa BpallleHusi; » — PajKyc BpalleHus

NPOU3BOJILHON YACTHIBI PACIIaBa; g — YCKOPEHHe CHIIBI TKECTH.

Ornomenue Py/P; = K Ha3bIBAIOT I'PAaBHTANUOHHBIM KO3PPHIHEHTOM:
2
o L 1Al (3)
g

Besmuuna K xapakTepuzyeT W3MEHEHHME (DH3MYECKMX YCJIOBHH 1IpH
HEHTPOGEKHOM JIMTHE M0 CPAaBHEHMIO C OOBIYHBIM JMTBEM. ['paBHTALMOHHLIH
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ko3¢ duuHeHT TOKA3BIBAET, BO CKOJNBKO pa3 TsKejlee cTaHoBUTCA Jobas yacTHua
pacnyiaBa B nole AeHCTBHS UEHTPOOENKHBIX CMJI, MO CPaBHEHHIO C I3TOH Ke
qacTuuel, Haxoasiuedcs TONBKO B MONie€ 3EMHOrO NpUTHKEHHA. [Jpyramu
CIIOBAMH, TIpPaBHTANMOHHEIH KOO(DUUMEHT TMOKa3pIBaCT, BO CKONLKO pas3s
yTsDKesnseTcs crias npu ero spamenun. Ha npaxtuke K = 30+100, u paxe 6onee.
B 3toM W 3aximouaercs Haubosnee XxapakTepHas OCOOEHHOCTH LEHTPOOEKHOIo
JTHTHA. - :
T1010)XUTENBHOE BIHAHUE HEHTPOOEKHON CHITBI npoammercu B YTSOKEIICHUH
paciuiaBa, 4To crocobcTBy

® NOBBILICHUIO TUIOTHOCTH OTJIMBOK;

yAaJIEHUIO U3 XUKOT0 METa/lla HEMETAUIMYECKUX BKJIIOYEHHUH H ra3os;
U3MENBYEHHIO CTPYKTYDhI METAIIA OTIHBOK;

TMOBBIIIEHHUIO MEXAaHHIECKHX CBOMCTB MeTaa;

[OBBIIIEHUIO YKUAKOTEKYYECTH CIUIaBA.

K OCHOBHBIM TPEUMYINECTBAM LEHTPOOEKHOIO JIMThA, KPOME YIydllleHHs
KayecTBa MeETalia OTJIMBOK, OTHOCATCS YMEHBIICHME pacxoja MeTaia |
MOBBIILIEHHE BLIXONA TOAHOro Omaromaps OTCYTCTBHIO JMTHHKOBOW CHCTEMBI H
npubbuIelf, BO3MOMXHOCTH IOJNy4YeHUs OTIHBOK 0e3 crepkHeH, yny4lleHue
3aMONHAEMOCTH (OPM CNOKHBIX TOHKOCTEHHBIX OTIHBOK.

IIpy nentpobGexHoM NUThe OJHHM M3 OCHOBHBIX TEXHONOTHIECKHX
[apaMeTpPoOB, ONpPEAS/AIONIMX KauyeCTBO OTIMBOK, SBIAETCA HYACTOTA BpaICHHS
¢opmel. Tlpn Manoif wacTtoTe BpALUEHHS CHIXKACTCA IUIOTHOCTH OTJIMBKH
BCJEJACTBHE MANbIX IEHTPOOCKHbIX cHil. IloBbiieHHas 4YacToTa BpalleHUs
H3JIOKHUOBI NPUBOJMT K JIMKBAIlldH, PAcCIOCHHIO KOMIIOHEHTOB CIUlaBa,
YBEJIMYEHHIO HANPSOKEHUH B OTNHMBKaX, a WHorja M obpazosanuio Opaka u3-3a
[IPOAOJIBHBIX TPELIHH.

OnTHMAanbHYIO 9acToTy BpameHus HeQyTepoBaHHOW H3NOKHULBI JUIN
KOKAOM OTJIMBKH OMpEeNsioT M0 IMIMUPHYECKUM (PopMynaM HIH CHELHaIbHBIM
HOMOTPaMMaM.

Ilpu surhe B GOpMy C BEPTHKANBHONW OCBIO BpPAICHHS BHYTPEHHsS
MOBEPXHOCTh OTIWBKM Oyzer uMeTs ¢opMy mnapabojouia BpalieHHs B
cooTBeTcTBMM ¢ puc.l,a. B arom ciydae HeoOxoamMmas 4acrora BpalieHHs
W3JI0KHHULL! oripezeniercs no popmyite KoHCTaHTHHOBA:

3520 @)
Jro |
rie »—4acToTa BPailleHHs H3NOKHHULEL, 06/MUH (MHH Y. r — BHyTpenuuii

pajiAyc OTIMBKH, CM;  p — IUIOTHOCTH PacIliaBa, r/cM’.

HeoGxomuMyo 9acToTy BpallleHHs MOXHO ONpeJeNuTh Takxke 1o Gopmyie
KsmmeHa:

(5)

-
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i€ 71— YacTOTa BPAlleHHs M3NOKHULBL, 06/MuH (MuE '); R —  papyxublit
pajMyc OTIHBKH, CM; ¢ — Ko3dduuuenT, 3aBucsamumii or Buja cnaasa, ¢ = 1350
— JUISl CTaJIH, VIS Ceporo 9yryHa u 6poHssl ¢ = 1675, nns amomunus ¢ = 2250,

Ha mammnax ¢ ropH30HTaILHOH OCBIO. BPALICHHS NIONYYAIOT NPOTHKEHHbIE
otnuBkH ¢ L>3D (L u D — cOOTBETCTBEHHO JUIHHA W AUAMETD OTIUBKH).

Ha mammHax ¢ BEpTHKaJBHOH OCBIO MOJYHalOT KOPOTKHE Teja BpalleHus
(L<3D) n3-3a pa3HOCTEHHOCTH MO BEICOTE OTJIMBKH.

IMPOBEJIEHUE PABOTEI

O6opynoBanue, npuGOPH ¥ MATEPHAIIEI -

[InaBuibHas 1e4b, YCTAHOBKA VI LEHTPOOEXKHOIO JUThA C BEPTHKANLHON
OCBIO  BpallCHHs, TEPMONapa TMOIPYXEHMs C BTOPHYHBIM  npubopoM,
MEXaHH4YeCKasds  HOXOBKA, HANWIBHWKH, uuinpoBanbHas Oymara s
NPHIOTOBNCHHS UHUTH(OB, peaKTHBBl i TpaBjiieHus nuUMdOB, Kpacka Juia
H3JIOKHHIBI, TaxOMeTp Juid M3MEpeHUs uucia o0OpOTOB H3JIOKHUILHI,
CIENOASK A, HHCTPYMEHT U1 U3MEPEHUS pasMEPOB OTIHBKH.

TMOPAJOK INPOBEIEHUS PABOTHI

1. O3HaKOMHMTECA € HACTOALIMM ONHCAHHEM, YCTPOHCTBOM YCTAHOBKH
1IeHTPOOEKHOIO JIUTHS M HHCTPYKIHE!H 10 TeXHuKe Ge30macHocT.

2. [NTomyunrs 3aianKe: MapKy CIUIaBa ¥ OCHACTKY.

3. Ilpou3sBecTH KOHTPONLHYIO cOOpPKY HOPMEI H OnIPOGOBATE HEHTPOBEKHYIO
MAIIMHY B XOJIOCTOM peXUMe BPALICHHS.

4. IMonorpers no 100-120 °C H3NIOXKHHILY H NOKPACHTE €& KPacKoi.

5. Cobpath yCTaHOBKY ¥ 3aTHTH H3NOXKHHIIEI METAUIOM [pH TEMIIepaTypax,
3aIaHHBIX TIPETIOIaBaTeNeM.

6. Ilpn nomomy TaxoMeTpa ONpeeNIuTh YaCTOTY BPAIEHUA H3I0MKHHLL.

7. OnpenenuTs pa3Mepsl OTMBKH (ABAMETP, BBICOTY, Pa3HOCTEHHOCTS).

8. CpaBHMTH 4acTOTy BpallleHHs IO TAXOMETPY M ONpeAeEHHYI0 Teope-
THYECKH.

9. OueHuTh Ka4yecTBO NMOBEPXHOCTH OTIHMBOK — BTYJIOK, 3AJATHIX LEHTPO-
GexHBIM crToco60M IPH pa3HBIX TeMIEpaTypax.

10. HapucoBats cxemy LHEHTPOOEKHONH MAIIHHEL.

11. CoctaButs OTYET.

COIEPXAHUE OTYETA

‘1. HammeHoBanue paGoTHI.

2. Ilenn paboTsl.

3. Kparkue cre/ieHHs O HEHTPOOEKHOM JIUTEE.

4. Ilpumensiemoe obopyXoBaHHe, MaTepHaibl M MPHOOpPHI, CXeMa LEHTPO-
OexHOM MaLIHHE], €€ XapaKTEePHCTHKA, SCKH3bl OCHACTKH ¥ OTIIMBOK.:

5. llopsiok BeImONHEeHUs paboTEl ¥ YCIOBUS THTHA.

6. Pacuér onTuMansHOTO 4yncia 060pOTOB H3MOWKHHULIEL
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7. Onucanue BHEIIHEro BH/IA OTAHBOK B 3aBUCHMOCTH OT YCHOBHH NUTHA.

8. OcHoBHEIe BrIBoIH! 110 pabore.

9. Bonpocsl Texnukd 6e30nmacHOCTH NpH NpOBEIEHUM nabopatopHoi
paborsl.

KOHTPOJILHBIE BOITPOCHI

1. Yro Takoe uentpobexHoe MHTHE U B 4EM €ro CyImHOCTH?

2. Texnonoruyeckne 0COGEHHOCTH LEHTPOOEKHOrO NUTHA.

3. Yro Taxkoe rpaBHTAUMOHHBIA KO3(PHUIMEHT M B 9éM ero dmanecxm’a
cMbicn?

4. IlpenmyniecTsa U HEIOCTATKH LIEHTPOOEKHOIO TUTHS.

5. ObnacTe NpUMeHeHHs LEHTPOGEKHOTO JINTHS B 11E/IOM ¥ LEHTPOOEKHBIX
MAIlIHH C BEPTHKAIBHOM U rOPH30HTANBHON OCAMH BPAIICHNAA.

6. HazoBuTe OCHOBHEIE 2/IeMEHTHI LEHTPOOEKHON MAIHHEL

CITMCOK JIMTEPATYPBI

1. Jlureiinoe npoussoactso / nox obmei penaxuuein A.M. Muxaiiiosa. —
M.: MamnHocTpoenne, 1987. -256¢.

2. Crenauos, F0.A. Texnonorus THTEHHOro NMPOM3BOACTBA: CIEHUANBHEIE
Buasl auths / 10.A. Crenasos, I®. Bananpaun, B.A. Pubkun. — M.
MammHoctpoenue, 1983. -287c.

3. Kymanun, W.B. Jlureiinoe npowmssogctso / M.B. Kymamin — M.:
Mamunocrpoenue, 1971. -320c.

JlaGoparopnas paGora Ne3
CYCHEH3MOHHAS 3AJIMBKA METAJJIOB U CILIABOB

Hens pabors
OsHakoMmIleHHe CTyNEHTOB Ha NPAKTHKE C CYNIECTRBYIOMHMHA CIOCODAMH
NOJMYYeHHs OTIUBOK CYCHEH3HOHHOMN 3a/IMBKOM.

Obmue nosoxenns

Viayuurenne kauecTBa MeTalia OTIMBOK M CNHTKOB 32 CHET MOBBIICHHS
MEXaHWYECKMX M CHYXeOHBIX CBOWCTB ABNACTCA BAKHEHIUMM CPEJICTBOM
UOBBIMICHUA HANEXHOCTH M JOATOBEYHOCTH HOBHIX M3CHHN, CHHXKEHHS
METALIOEMKOCTH MailWH. Ui peumleHus 3THX 3ajau HaxXONAT NPHMEHEHHE
PasIMYHbIEe CHOCOOK! BHEUIHEro BO3JAEHCTBHA HA NpONECC KPHCTALTM3ALMHM W
3ATBEPACBAHAUA C LIEJIBIO YIIPABICHHS IPOLIECCOM BHYTPEHHEIO CTPOCHHS OT/THBOK.

OnnuM ¥3 nepcnexTHBHBIX CHOCOGOB yNpaBieHHs Mpolleccamu KpHCTan-
NM3AIHH U 3aTBEPACBAHMA ABIAETCH METOM CYCTIEH3UOHHON 3aTHBKH.

Hoa cycnensnonnoii 3a1MBKOIl MOHMMACTCA 3aNONHEHHE JIUTEHHOM ‘(pop-
MBI HIIH H3JOXNHHIE! METALIOM, B 00bEMe KOTOpPOro MMeIoTCs B TpeGyeMom
KONMYECTBE TBEPJbIC METAINIHYECKHE YacTHUBI Manoro pasmepa. Jpyrumu
cnoBaMu, B (JOPMY BBOJMTCS He XUAKHHN NEperpeTsiii MeTall, KaK 5To Aenaercs
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npH 00bIMHON 3anMBKe, a cBoeoOpasHas Meramnudeckas cycnemsus. Ilpu stom
AHMCTIEPCHON Cpezioit ABNAETCA XUAKWH MeTamn, a AucnepcHon (asol — TBEpALIE
KpUCTaJUIbl MM CHICLIHANIbHO BBEIEHHBIE MEIKUE TBEP/IbIE YaCTHIIBI, HAXOAAIHECH
BO B3BELIEHHOM COCTOSHHH B JKHJKOM pacruiase.

Pasiu4aioT 3K30reHHYI0 CYCIeH3HIO H SHIONEHHYIO CYCIIEH3HIO.

JK30reHHas CyCHEH3IHsl NOJy4aeTcs, KOT/A B XKUIAKHHA MeTall B Nepuoj
3IMBKHM BBOAUTCS M3BHE TBEpAas ¢dasa.

JHI0reHHAas CYCOeH3Ms Monydaercs, xorna Teépmas (asza seasercs
CaMOpOJIHOM, MOMYYEHHOH OXJIAXKICHHEM METa/Ula B CHELHANBHBIX YCIOBHAX N0
KaKOH-TO TEMNEpaTyphl B HHTEPBAJIe 3aTBEPAEBaHHS.

B Hacrosuee BpeMs B TEXHWYECKOH IMTepaType UCHONB3YIOTCH CaMble
pasHooOpasHbie TEPMHHBI JIA O0O3HAYEHHA CYCIICH3HOHHOTO cnocoba JIUTHA:
CYCMEH3HOHHOE JHMTHE, JINTHE C NPHMEHEHHEM MHKPOXOJOAMIBHUKOB, JHTHE ¢
NpUMEHEHHEM HHOKYJIATOPOB, CYCNEH3MOHHOEe MoauduuupoBaHKe, a NpHMe-
HAEMBIE JMCTIEPCHBIC NOOABKH — MHKPOXOJNOAWIBHHKH, WHOKYNATOPhI, HHTEHCH-
¢uKaTops! 3aTBEp/IeBaHHA, NOPOIIKOOOPA3HEIE MATEPHAIEI H T.1I.

HesaBucHMO OT TOro, Kak Ha3bIBaeTCA JMUCHEPCHAS YACTHIA, OHA OKa3bIBAET
aKTUBHOE MEXaHW4YecKoe, Temiopusndeckoe M 3apoasieobpasyiolee Bo3sjeii-
CTBHE Ha BaXKHeHIIeM 3Tane (pOpMUPOBAHHMS OTIMBKH — STane 3aTBEpICBaHUS U
0bpa3oBaHuA KPHCTAIUIMYECKOH CTPYKTYPHI. :

Ilpy 3K30reHHON CYCUEH3HOHHOH pasiiMBKE B Ka4yecTBE MHKPOXONO/AH-
NBHUKOB NMPHMEHAIOT PasNU4Hble METaIMYecKHe NOOGaBKH: MOPOLIKH, METalIH-
YECKYI0 ApoOb, TPAHYJIBI PAsIHYHBIX METAJUIOB M (eppOCIUIABOB WM NHIaTyp €
pasmepom gactay 0,5-3,0 mm. KonuuectBo no6asok cocrasnser 1-5 % or macch
OTJIHBKH. '

Ilpu m3roToBnenur (GacoOHHBIX OTIHBOK M KY3HEUHLIX CIHTKOB PasinyHOM
Macchl WIHPOKOE MPUMCHEHHE HAXONHUT BBOJ AMCIEPCHBIX MHUKPOXONOAHIBHUKOB
C MMOMOWIBIO TaHICHUHANbHOIO CMeCHTeNd (BMXPEBOH BOPOHKHM HJHM BHXPEBOI
Hayncraeky) (puc.1). .

OcymecTenenre 3Toro cnocofa 3aKIOYaeTcs B TOM, YTO NpH pa3liMBKe
KHAKOr0 MeTajula M3 pasfiiBOYHOIO KoBumia / B pe3ylbTaTe TaHIeHUHAILHOIO
NOABOAA M3 MPUEMHOMN HalM 2 B CMECHTENBHYIO 4amy 3 B nochejiHel co3jaéres
BpallaTe/ibHOe ABIKEHHE JKHKOrO MeTala ¢ o6pa3oBaHueM BHXPEBOil BOPOHKH.
MHUKPOXONOAWIBHUKM TOJAIOTCA B LEHTP BOPOHKH M3 OyHKepa-103aTopa,
PEryiHpyloTcs ¢ TMOMOIIBIO 3aCHOHKH 6 ¢ KaJuOpOBAaHHEIM OTBEPCTHEM.
MuKpoXononMIBHUKH, TONa/as B LEHTP BOPOHKH, IIie CO3NaéTcs paspeXxeHue,
3aXBaTHIBAOTCH BpaLaTENbHBIM JBHKCHHEM XXUAKOIO METalid, YCBAUBAIOTCS MM
W YHOCATCH B moinocts Gopmei 7. Takas cxema BBOXa MHKPOXONOMHILHUKOB
obecrieyrBaeT MX pPaBHOMEpHOE paclpefielieHHe B OOBEME XUAKOro MeTasnnia
(oTnuBKH).

PaGotaer JaHHOE yCTpO#CTBO cieayomum obpasom. CHayana no Mojelu B
crienManbHOM  onoke ¢opMyercs BuxpeBas (IMTHMKOBast) HajactaBka 4 M
ycTaHaBliMBaeTcs Ha GopMy TakuM o6pa3oMm, YTOGBI OCh BHXDEBOM Halil¥ U OCh
CTOSIKA COBMANH. 3aTeM MM NapaielibHO FOTOBHTICH HEoOXOIMMOe KOJMMYECTBO
MHKPOXOJIOAMIBHUKOB, KOTOPBIE 3achINaloT B Oynkep-103atop 5, ycTaHoBNEHHBIN
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Haj BuxpeBoit waweit 3. LlewTp BRIMyCKHOro OTBEpCTHA OyHKepa-jo3aropa
JOJKEH COBMEIIATECA ¢ LIEHTPOM BUXpeBoii 4amu. B MOMEHT 3aChIllKK NMOpoiuKa
BRIXOJIHOE OTBepcTHe OyHKepa-fio3aTopa S5 NEpeKphITO 3acioHkod 6. [lanee
HATIOJIHAETCA  JKHJKAM  METAJUIOM  pPasiMBOYHBIA  KOBII [/,  KOTOpBIH
TPAHCHIOPTHPYETCH K MECTY 3aJIMBKH.

Puc.1. Cxema BBOAA MHKPOXONOJHILHMKOB C TIOMOLIBIO
TaHreHIHANLHONO CMECHTEIIS

Tlocne ycTaHOBKM KOBIIA B TpeCyeMOM NONOXEHHH HAYMHACTCA 3alMBKa
KHUAKOrO MeTajuia B NPUEMHYIO 4aly 2, KOTOPhIH 4Yepe3 BHXPEBYIO Ha[ACTaBKy M
JIMTHMKOBYIO CHCTEMy rolnajaer B nojocTs GopMbl. B HYXHBIH 110 TEXHONOIHH
MOMEHT 3aCJIOHKa 6 IIOBOPAYMBAETCS JUISl ITyCKa MHKPOXOJIOAHILHHKOB.

ITo OKOHYAHHM 32IMBKM BBIXOJHOE OTBepcTHE OyHKepa — Jl03aTopa mnepe-
KPBIBAETCA 3aCTIOHKOR H KOBLI MOKAETCH K CIEAYIOIICH hopme.

Maxcumansabiii addext or CYCTICH3HOHHOH Da3/iMBKH, C. TOYKU 3PEHMs
U3MENIBUCHMS. 3€PHA, AOCTHraeTcs B TOM Clydae, €Ciid BBIOJHACTCA JiBa
obs3aTenbHEIX yCnoBHsA. Bo-1epBbiX, 3aTpaBka (JMCHEpCHas YacTHNa@) JOMKHA
[UIaBATHCA. BO-BTOpBIX, IUIaBJeHHe JO/DKHO 3aKAHYMBATHCA NPH TeMIepatype
Gau3KolM K TemmepaType KPHCTaUIM3aLMM CIUlaBa. ITO MOJOKEHHEe MOJTYYHIO
Haspanue npaswio Jlauunosa - Heiimapka. [lpn sToM npeanonaraercs, 4To npu
MNABIEHWH 3aTPAaBOK (AMCHIEPCHBIX YACTHIl) M3 HX MacChl BBICBOOOXKZAIOTCH
AKTHBUPOBAHHBIE YACTHILI [pUMecei, criocobHEIE CTaTh S(PPEXTHBHBIMK
UEHTPaMH KpHCTaM3auuid. B -ToM ciydae, eCiM IJIaBIeHHWE 3aTPaBOK
3aKaHYWBAETCA TPHM TEMIepaType OKPYXKalolllero paciuiaBa 3Ha4MTENbHO BBIIIIE
TeMmnepaTypsl JHKBHJyca cruiaBa, d(dexTa HCKYCCTBEHHOH KPHCTAILIM3ALMK U
U3MEAbYEHUs CTPYKTYphl He HabmopjaeTcs, TaK K&K MPOHUCXOAMT NE3aKTHBALMA
[IPHMECHBIX YacTHIL.
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Hicnonp30oBaHue JMCHEPCHBIX HWHOKYNSTOpoB (ApoOH, MOPOIIKOB) MNpH
CYCTIEH3MOHHON pPa3IMBKE IBETHHIX METAIUIOB HA OCHOBE MEIH M ANIOMUHKA -HE
JOCTaTO4HO 3P (PEeKTHBHO M3-32 CKJIOHHOCTH MX K  OKHCIEHHIO U
méHoobpazoBannio. B 3TOM cny4yae npeAcTaBiseT HHTEPeC TEXHOJNOrH4,
BKJIIOYAIOIIAasg CHATHE [IEPerpeBa M BBOJ 3aTPaBOK C I[OMOILBLIO PacTBOpPEHUS B
paciiaBe KycKoB TBEPJIOro CIulaBa TOro xe cocrasa (pactsopumas TBEpjas dasa —
PT®). :
OnuH M3 BapHaHTOB 3TOH TEXHONOrHM mokasaH Ha puc.2. Kycku tB€paoro
criiaBa 2 yKIanbBalOT B JIMTHUKOBYIO 4Yauty /, cHaGx&HHyio dunsTpyromei
cetkoil 4 pna yaepxanus PT®. Yama ycraHaBNHBaeTCs Haj H3NONKHHUEH J.
3anuBKa XXHJKOF0 MeTaUla MPOU3BOJIMTCA U3 PAa3IMBOYHONO KOBILA 6.

[Mlo apyromy Bapuanty PT® B BHAe IIACTHH MK CTEp)KHEH BBOJUTCS
HEMOCPEJICTBEHHO B pa3/IMBOYHBIM KOBIN. TONIIMHA IJIACTHH HJIM CTepXHEH
BeiOHpaercs TakuM oOpasoM, 4ToObl K Hayally 3aduBKH pacTBopunocsk 60 — 70 %
KYCKOBBIX MaTepHayioB, a K KOHLY 3anuBkd — 100 % BBenéuunix n06aBOK.
OntumansHoe konuvecTBo BBOJUMON PT® cocrasnser 3 - 5 % or maccel
oOpabaTeiBaeMoro pacrnasa.

CyniectByeT HECKONBKO  CHOCOOOB  BHEIIHEro  BO3ACHCTBUMA  Ha

KPACTAITH3YIOIMICA pacIUiaB C MLENbI0 MONYYEHHA 3SHAOICHHOM CYCHEH3Hu:
nepeMelMBaHWE pacilaBa C LENbl0 MONY4YCHHS OSHJOIEHHON CyCIEH3HM,
nepeMelMBaHie paciuiaBa (MeXaHW4ecKoe, 3NeKTPOMAarHWTHoe), MpojyBKa
HHEPTHBIM T'a30M, HAJIOXKCHWe ynpyrux konebauuii (Bubpanus, yjabTpasByKOBbIE
KosiebaHus), HCMONB30BaAHHE BHYTPEHHMUX XOJIOAMIIBHAKOB.
IlpumeHeHNEe CYCITEH3HOHHOH 3aMMBKH [MO3BOJISET CYILUECTBEHHO IOBBICHTH
Ka4eCTBO JIUTHIX 3arOTOBOK: MOJYYMTH AUCIEPCHYIO H ONHOPOJAHYIO CTPYKTYPY C
MHHUMAaJILHEIM pa3BUTHEM NUTeHHBIX JiedekToB, obecneyuTs BEICOKUH YPOBEHL H
H30TPONHOCTH (PH3UKO-MEXAHHYECKUX U CIICLHANBLHBIX CBOHCTB JIMTOrO MeTajlia.
Ilpn 3TOM cokpamiaeTcs NPONOKHTENBHOCTH 3aTBEPACBAaHMs OTJIMBOK, Pacxos
MeTaula Ha NpHOLUIA, NPOWCXOAUT BhIPABHUBAHHE CKOPOCTEH 3aTBepleBaHUA
TOJICTHIX ¥ TOHKHX CEYCHHH OTIIMBOK M CHHIKEHME NIpHUrapa.

TexHoNOrHYecKHe napamMeTphbl CYCHEeH3IHOHHOH 3aJIHBKH

Jns ycnmemHoro OCYIIECTBICHHs CYCII€H3HOHHOH 3amMBKM  Cllefyer
cobioiaTh TEXHOJNIOTHYECKHE napaMeTpel. B rniepByio ovepejib 3TO COOTHOLIEHHE
pa3sMepoB SIIEMEHTOB JIMTHUKOBOW HAaJICTABKHM, JHaMeTp CTOMOPHOrO OTBEPCTHA
CTaKaH4YMKa B KOBILIE ¥ JIHaMeTp cToAKa (pHuc.3).
B cBsi3d ¢ NaJicHUEM HaAropa M MOBBIIICHUEM BA3KOCTH CYCNEH3HOHHOIO MeTajuia
C Lenblo cTabMIIBHONO €ro pacxosa NpWHUMAEEM Ui JIMTHUKOBOH HAJCTaBKH
CHCTEMY KaHAJIOB 110 aHAJIOTHH C paclIUpsIOIIeiCcsa TUTHUKOBOH CHCTEMOM:

dy:dy:d=1:1,35:1,75
OnTtHMansHBIA pa3Mep BUXpeBOW 4HamM (d,y) ONpENENsAIOT MO IMIUPUYECKOH
(hopmyine
dyi=den * (1 +2) dy,

rae  dp- AMaMeTp CTONOPHOrO CTAKAHYHKA; d, - IuameTp TIOABOASLLEFO
KaHana; .  d.; - AMaMeTp CIMBHOrO KaHana,
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Puc.2. Cxema BBozia pacTBopuMoil TBEpAOH dasnl

Puc.3. CxeMa IHTHHKOBBIX 2JIEMEHTOB TAHIMCHIHAIBHOIO CMECUTENA
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Beicora BuxpeBoii wamu onpenensiercs no gpopmyse
Hll =(] +2y&1'

ARanu3 BIMSHUS HAaKJIOHA MOJBOJIAIIErO KaHala Ha YCTOWYMBOCTH BHXPH M
CHOCODHOCTE €ro 3axBaThIBaTh MHKPOXOJIOIMIBHHKH . TIOKA3aJI0, YTO JyYIlHe
pesynbTaThl HabmoaroTCs NpH ero Hakinone a = 10-20°. [Umua noxsoasmero
KaHana ! BHIOMpAeTCs W3 KOHCTPYKTHBHBIX coobpaxeHHuii TakuMm obpazomM, 4ToGs!
obecrieynTh CBODOAHYI0 MAHMNY/AUMIO PA3THBOYHBIM KOBIIOM M GYHKEPOM-
J03aTOPOM, YCTAHOBJICHHBIM HaJl CMECHTENIbHOM (BHXpeBoii) Yaiei.

HuameTp npuémMHEOIl BOPOHKH (dyp 5):

dp, = (10+125)d, ..

Bricora npuémHO# BOPOHKH: ’

He = (1,15+1,2_)ﬂ“.

IlockonbKy MOpW  CYCIIEH3HOHHOH 3aiMBKE MNPOHCXOAHT CHHKEHHE
TEMIOEpaTypel I€perpeBa JKHAKONO MeTajila, MHTCPECHO 3HATh BENUYHHY
CHMMacMOro nmneperpesa mnpH BBOAC 3aJaHHOIO KOJMYECTBA  BBOAUMBIX
MHKPOXONOAMIBHUKOB MM, JPYrHMU CINOBAaMH, TeMIIepaTypy MeTrala npH
CYCIIEH3HOHHOH 3aJIUBKE.

Jns 3TOro cocraBUM ypaBHEHMeE TEIUIOBOro 6ananca

Qu o qu s (1 )
rjae Qu - KOJIUYEeCTBO TESIIOTHI, omasaemoﬁ KUIOKUM MCTAJUJIOM
MHUKPOXONOAMJIBHUKAM, O - KOJIH4ECTBO TEIUIOTHI, orbupaemoe
MPIKpOXOHOAHJIBHHKaMH.
Q, =Mc'(T,, -T,), - (2)
O =mle,(T, -T,)+ (T, -T,)+ L+'(T, - T,)} (3)

rae M- macca XUAKOro Metamia (OTIMBKM);m- Macca MHEKPOXOJOAWILHHKOB;
¢ H c¢'- yneneHas TEIUVIOEMKOCTh COOTBETCTBEHHO- TBEPABIX MHMKPOXOJIO-

AWIEHHKOB W XKHJKOro Meramna; 7, - TeMIeparypa 3aluBaemMoro meramna;’,
T.- Temnepatypa JIMKBHYCA M CONHAyca MeTajuia;7,- HayalsHas Temneparypa
MHKDPOXOIOAMIBHUKOB; 7, - TEMIIEpPaTypa CYCNIeH3HOHHOTO MeTaa; L - yaeibHas

TEIIOTA MIIABNEHUA MHKPOXOJIOMMILHIKOB.
O603HaYMM KOJMYECTBO BBOIMMBIX MHUKPOXOJIOHILHHKOB B NMPOLIEHTAX OT
Macchl 3aTHBAEMOro MeTasuia;

M100=8.
M

Iloncrasnsis B ypaBHenwe (1) Beipaxenus (2) u (3) W nNpuHATHE
00603HaYCHNA, TIOJYYHM TEMIIEPATYPY 3aJIHBAEMOI0 CYCIICH3HOHHOTO METAILIA:
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T, = 100 < 100 ; (4)
1+ —
100

T, ————(T T~)+-——-—(T --c’:)

He wMenee BaxHOe 3HAYCHHE MMEET M ONpeAeieHHE ONTHMANBHOIO
KOJIMYECTRA MHUKPOXOJIONMILHHKOB, KOTOPOE 3aBHCHT OT CIEAYIOUMX (hakTopos:
TOJIIMHBI CTCHKH OTNMBKH M €€ MacChl, TEMIIEPATYpHl 3aJMBaeMOro MeTala,
NPOAOIKATENLHOCTH 3AIMBKH, Pa3sMEPOB MUKPOXOJIONMILHHKOB.

[Tockonbky mnpH CyCHEH3MOHHON 3alMBKE TIPOMCXOAMT CHHIKEHHE
TeMIepaTyphl neperpeBa KHAKONO MeTajlia, TIO3TOMY C TOYKH 3PEHHS TENIoBOro
BO3JICHCTBMA  ONTHMANBHBIM  CHEAYET  CYMTATh  TAaKoE€  KONHYEcTBO
MHKPOXOJIOJMIIBHAKOB, KOTOpoe ofecneyMBaeT CHATHE neperpesa 1o
TEMIIEpaTyphl THKBUIYCa UM HECKOJIEKO HIXKE 3TOH TeMIeparyphl.

CylecTByeT MOCTATOYHOE KOJMHYECTBO pACYETOB M HOMOTrpaMM Ui
ONpeNIeNIeHHst ONTHMAIBHOTO KOMMYECTBa MUKpoXonoxunbHukos [1,2]. B ocHose
BCEX pacy€TOB JIOKUT ypaBHeHHe Teruiooro OGananca (1), U3 KOTOPOro MOXHO
ONpeIeNIUTL H ONTHMANBHOE KOJIKYECTBO MHKPOXOJIOAMNBHUKOB. B cinyuae, koraa
YACTHIB! ITOJTHOCTHIO CHUMAIOT BECh neperpes, BeipaxeHus (2) u (3) uMeroT B

0, = Mc'(T,.~T.) (5)
Qu = mle;(T, ~T,)+¢'(T, - T,)+ L] (6)
IlpupaBnuBas npassie 4acTH BhipaxeHHM (5) ¥ (6) u mpuHHMas paHee

npuHAToe 00o3HaYenue s S , MoNyvaeM YpaBHEHHE /A OIpeAeNcHHs
ONTHMANBHOIO KONHYECTBA BBOJUMBIX MUKPOXOJMIOAHIBHUKOB, (% Mac.):

(1, ~T,)100 |
AR o, -7)+ (T, -T.)+ L @

JUnd ciyvas HENONHOIO CHATHA Neperpesa 13 BolpaxeHuit (2) u (3)

(T, T )00
i e, ~T)+c' (T, -T)+ L )

IMPOBEJIEHUE PABOTBI
OGopynoBanue, Marepuansl W OpuOOpH:  IUIABHIBHBIA  arperar,
Pa3IMBOYHBIM KOBI, XpOMENb-aNIOMESEeBEIE TEPMOMNapsl ¢ MHJUIHBOJBTMETPOM
HN¥  TOTEHIIMOMETPOM, CeKyHHoMmep, (OopMOBOUHas CMech M (OPMOBOYHEIH
HWHCTPYMEHT, MOJEINb, KOKHIH, CIELO/exK1a, MUKPOXONONMILHUKH WM IPaHyJIb]
ans PT®, HoxoBka, HamwibHUKA ¥ uumMdoBanbHas Oymara s M3rOTOBIEHUS
HUTHQOB, PEaKTHBLI I TPABJICHUS, JIMHEHKA WIH LITAHTeHIMPKYJ/Tb, BECHI.
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[TOPAJIOK IMPOBEJJEHMSI PABOTHI

1. O3HaKOMHTBCH C HACTOALLMM ONKMCcaHWeM, npudopamMu, obopyoBaHHEM U
HHCTPYKIMEH 1Mo TeXHUKe 6e30macHOCTH.

2. IIpuroToBUTs AMOMHHHEBHI CIUIaB W NEpPErpeTk ero 10 TeMnepaTtypebl
750-800°. |

3. IToAroTOBHTH JBE METAMIHYECKHE M3NOXKHHLBI (NepBas - KOHTPOIbHAsM,
BTOpAst - ONBITHAS JUISl CYCTICH3HOHHOM 3aJIUBKH).

4. TIoAroTOBUTH HEOOXOAMMOE KOJIMYECTBO MMKPOXOJNOAMIBHUKOB HIIH
rpanyn. Konu4ecTBO BBOJMMBIX MUKPOXOJOAMIBHWKOB COIJIAcoBath € MNpeno-
JlaBaTeleM.

5. I[NoAroToBUTH XHIOKWH MeTalll, 3aMEpHTh €ro TeMIepatypy B. pasiiH-
BOYHOM KOBIIE H POH3BECTH NO0YEPEHO NPH OJIMHAKOBLIX TEMIIEpaTypax (B TOM
YUCle M C KOHTPOJBHOM OTIMBKOIN), ONMBITHbHIE OTIMBKH, M3MEHSA KOAUYECTBO
BBOJIMMBIX MUKPOXOJIOMIIBHUKOB 10 COITIACOBAHMIO C MPENO/aBATENEM.

6. C NOMOMIBIO TEPMOMNAp ONPEAETUTH NPOAOIDKATENFHOCTE 3aTBEPACBAHMA
OT/IMBOK, NIOJIy4aeMbIX 110 IL.5. ,

7. Iocsne BRIOUBKH H OXJIQKACHHA OTINBKH pa3pe3aTs.

8. ITpuroToBUTHE MaKpPOTEMILIETEL.

9. 3apucoBath MM coTorpagEpoBaTh MaKpOCTPYKTYPY KOHTPONLHOH H
ONBITHBIX OTIUBOK.

10. CocTtaBHTh OTYET.

COJIEPXKAHME OTYETA

1. HaumenoBanue paboThi.

2. Llens paGoTsi.

3. Kpatkue obuue CBECHHA.

4. Tlepeuenns UCITONBE3yeMOro 060pyIoBaHHUs, TPUGOPOB, MATEPHANIOB.

5. Kparkoe onucaHue METOMKM MPOBEACHHS SKCNEPUMEHTa, CXeMbl BBOAA
MUKPOXOJIO/IMIIBHUKOB ¥ PAacTBOPAMOi TBEPAOH (a3bl, ONPEE/ICHHE NMapaMeTpoB
OCHOBHEIX  OJIEMEHTOB  JIMTHHKOBOH  HAJACTaBKH, pacuyér  Temreparyphbl
CYCHEH3MOHHOIO MeTaia W ONTHMAIBHOIO KOJMYECTBA MHKPOXONOMMILHHKOB
(mapameTphI 3aAK0TC IPenofiaBaTelieM).

6. KpuBslie oXJiaX/IeHHA OTIMBOK,

7. TaGnuusl ¢ pe3ynsTaTaMH 3amMepa yCaNoO4HBIX IYCTOT, -flapaMeTpamu
CTPYKTYPHBIX 30H, IPOJIOIDKHTENLHOCTHIO 3aTBEP/ICBAHNS OTJIMBOK B 3aBHCHMOCTH
OT KOJINYECTRA BBOJIMMEBIX MUKPOXONOAunbHIKOB U PT®.

8. BeiBozisl o pabore.

KOHTPOJIbHBIE BOITPOCEI
1. Yro Takoe CyCHeH3MOHHAN 3aIUBA ¥ METAIUIMYECKas CyCIeH3HA?
2. Bu/isl CyCIIeH3MOHHOIM 3a/IMBKH, HX NPHHLIHMITHANBHOE OTIH'HE.
3. Meto/s! BBOJA MUKPOXOJNOJUIBHHKOB, HX IPEHMYILECTBA U HEJOCTATKH.
4. Cxema BBOJIa MUKPOXOJIOAWILHAKOB C NOMOIIBIO BUXPEBOH HAICTABKHU H
npuHiMn €€ paboTsl.
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5. Crniocobui 110jlydeHHs 3HJAOTeHHOH CYCMEH3MH, MeXaHW3M oOpa3sopaHus
TBEPAOH hasn,

6. Yem OOBACHATH CHHIXEHHE BENHYMHBI YCAJKM IIPH CYCMNEH3HMOHHOMH
sanupke?

7. B uéM cyTh CYCNEH3HOHHOH 3alMBKH C ITOMOILIBIO pacTBOPHUMOH TBEPAOH
¢a3pl? BapuanTel e€ oCyIUECTBICHHS,

8. B kakom cny4ae mnojy4aercs MaKCHMaJbHbI 3¢dekt Bo3aelcTBuUS
MHKPOXONIOAMILHHKOB HA KPHCTA/UIHYECKOE CTPOEHME OTIMBKHM (npaBuno
Hanunosa-Helimapka)?

9. CTpyKTypHbIe 30HEI OOLIMHOIO ¥ CYCITEH3HOHHOIO CIIUTKA.

10. TlpeumyinecTBa ¥ HEAOCTATKH TNOJNYYEHHsS OTIMBOK CYCIEH3MOHHBIM
criocobom.

CITUCOK JIMTEPATYPBI
1. PeokuxoB, A.A. CoBeplIeHCTBOBAHHE TEXHOJIOTMM CTAJIBHOIO JHTHA, /
A.A. PenxukoB ¥ ap. — M.: Mammnoctpoenue, 1977. — 143 c.
2. 3arynosckuit, C.C. Cycnensuonnas pasnueka / C.C. 3atynosckuit —
Kues: Haykosa nymxa, 1981 — 260 c.
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Tennodpuznyeckue cpoiicrsa GopmMoBOYHLIX cMeceit

Tabnuna 2

HauMeHOBAHME CMOCH Py c, 2, b a
Kkr/n® Jox/xr-K Br/m-K Brclam*K M*e
Mecuano-rmuueras 1650 1090 1,03 1430 5,56:107
Iecyano-rauuncTas cyxas £ , , -
(207 SOECTINOR Kpouxi) 1550 1060 0,54 938 3,28:107
Crepxuesas cyxas (20%
‘!Y!';f:ﬂx OITHJIOK) 1750 1360 1,05 1600 425107
Xpomomarnesuenas
JKHAKOCTEKOBHAS (6% | 2700 1980 2,56 3500 4,78-107
WHAKOTO CTEKIIA)
THOOBBIE COCTABLI KOKIILHBIX KPACOK
Cocran, % (macc) A, Br/m-K
Tansk Men Mapioanut Kusxoe crexno Bona 2
24 - . 5 71 0,287
- 10 - 3 87 0,260
- - 10 5 85 0,417
Conepxanue
Beejenne 3
JlaGoparopuas paGora Nel. IToBsuense BoIX0Aa roqHOTO (PaCOHHBIX OTIIH-
BOK TPH JIUTHE B KOKUITh |
Jlaboparopuas pabora Ne2. Llenrpobexnoe muThé
JlaGoparopuas paGora Ne3. CycneH3HoHHas 3a1MBKa METaJUIOB H CIUIABOB 13
22
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