14.2. JIutbe ¢ NpUMEeHEeHHEeM BHEITHUX BO3AeHCTBUH HA KUIKHUA U
KPUCTAIN3YIOIIUICSH MeTall

14.2.1. JIurbe nox JaBJICHUEM

JIaHHBI CrI0cO0 MpPECTABIISIET COOOK MAIIMHHOE JINThE METAIIIA B METAIITHYECKHE (DOPMBI TI0/1 M30BITOUHBIM
nasierreM (o 300 MITa). CymHocTs mporiecca 3aKIF04aercs B TOM, YTO B KaMepe MPeCCOBAHMSI, COSMHEHHOM ¢
ocopMITSTFOIIIEH TTOMTOCTBIO POPMBI, Ha PACIUIaB JABUT TIOPIIICHD, B PE3YJIBTATE YEro KHIKHIT METalT yCTPEMIeTCS B
TOJIOCTH (hOPMBI M OBICTPO 3aIONHSET €€; 3aCThIBask B Hel, OH 00pa3yeT OT/IMBKY C BHICOKOM TOYHOCTBIO Pa3MEpOB.
3aTeM TPOMCXOMUT PaCKphITHE Mpecc-(GOopMBI M yaajeHHMe OIIMBKH C TMOMOIIBIO Tonkatened (puc. 14.4).
TexHONMOrMYecKril MpoLece JUThS TIOA JABJICHHEM XapakTepU3yercsli KOPOTKMM IMKIOM U MaIbIM YHCIIOM
oreparyii. MaIlHbI ISl JTUThS TTOJT JABJICHUEM TTOAPA3ACIISFOTCS 10 KOHCTPYKIIMOHHBIM 1 (DYHKIIMOHATIBHBIM! 0CO-
OCHHOCTSIM y3J1a TPECCOBAHMS HA TPH; THIIA: C XOJNOMHOM (HEOmMOrpeBaeMoii) Topr3oHTAIBHON (pric. 14.4, a), ¢
XOJOTHOM BepTUKAIBbHOM (pric. 14.4, 6) 1 ¢ ropsteii BepTHKaIbHOH (prc. 14.4, 6) KaMepamu IPECCOBAHHSL.

Puc.14.4. Jlutbe non naBnenueM:1 — HeNmoABMKHAS YacThb Mpecc-(popMmbl;
2— TOJIBMKHAS 9aCTh Mpecc-(hopMbl; 3 — TMOPIIEHD; 4 — METAIUIONPUEMHHIK

[opstaast Kamepa MpeccoBaHMs PACIIONIaraeTcsi B 000rpeBacMOM YyrYHHOM THIJIE C PACIIaBJICHHBIM
MeTauioM. B MammHax ¢ ropsideil kaMmepoi MpeccoBaHMs MPEIyCMOTPEHBI aBTOMATHUYECKHE OTICPATIN
JIO3MPOBAHUST W 3aIMBKH, YTO CYIIECTBEHHO IIOBBIIIACT WX MPOM3BOIMTENBHOCTH 10 1000—3600
3alpeccoBOK B yac. MalmHbl ¢ Topsiueld KaMepoi MpeccoBaHms Onaroaapsi MEIJICHHOMY OXJIKIICHHIO
pacIuiaBa Mo3BOJBIIOT MOJTYYaTh OTJIMBKH MAIBIX, Pa3MEPOB U HE3HAYUTEIIHHOM Macchl (0 HECKOJIBKHX
IPAMMOB) ¥ HCTIONIB3YFOTCS B OCHOBHOM JISI JTUThS! JISTKOIUIABKUX (IIMHKOBBIX, CBUHIIOBO-CYPbMSHUCTBIX
U JI.) CIUIABOB. MaIIIMHBI JKe C XOJIOTHOW
KaMepor TMPEeCCOBAHMS WCTIONB3YIOTCS UIS TIONMy4eHMs] OTJIMBOK M3 IBETHBIX CIUIABOB HAa OCHOBE
QTFOMUHMS, MarHusl, MeJM, a TaKe M3 CTAM M 4yryHa. C yd4eroM BBICOKOH CKOPOCTH OXJIQXKIICHUS
CIUIaBbl JIOJDKHBI O0Ja/aTh ONTHMAIBHBIM KOMIUIEKCOM TEXHOJIOTHYECKHX CBOWMCTB. XOPOIICH
KUIKOTEKYUECThIO, MAJIOHN YCaIKOI 1 MUHUMATbHBIM B3aUMOJICHCTBHEM C MaTrepruasioM (popMbl.

POUBNKO-XMMHYECKHE TPOLECChl, MPOTEKALMe NMPH JUThe MO JaBjeHHeM. JIUTbeM TIof
JIABJICHHEM TIOJTy4al0T TOHKOCTCHHBIC OTJIMBKH, MAacca M TEIUIOCOICPYKaHHE KOTOPBIX CYIIIECTBEHHO (Ha
JIBa TIOPSZIKA) MEHBIIIE, YeM y MeTtaudeckux Gopm. [TostoMy mpu 3aimBke MeTalia B mpecc-hopMy
OXJIQXKJICHUE OTJIMBKU TPOMCXOJUT C BBICOKOW CKOPOCTBIO. JTO BBI3BIBAET HEOOXOJMMOCTH OYECHBb
owIcTpOro (co ckopoctsio 10 120 M/c 1 ipopomkuTensHOCTHIO 0T 0,01 10 0,6 ¢) 3aronHeHns pacIuiaBoM
(opmbL. BryckHOI MOTOK paciuiaBa, yaapsisich O CTEHKY (OpMBbI, OKa3bIBaeT Ha Hee THAPOAMHAMIIECKOE
JaBJieHne. PoCT TWIpoMHaMHUYEcKOro JIABJICHHS CTIOCOOCTBYET IMOBBIIICHAIO KAa4eCcTBA MOBEPXHOCTH
OTJIMBKK U obecrieunBaeT (hopmupoBanue ee peibeda. OmHako mpy 3ToM (M3-3a YBETHUYCHHUST CKOPOCTH
BITyCKHOM CTPYH) BO3pacTaeT 3pO3UOHHOE BO3JICHCTBUE MOTOKA, ISl YMEHBIIICHHSI KOTOPOTO YroJl MEKITY
CTEHKOW ()OPMBI U HAIPABICHHEM JIBIDKEHHS TIOTOKA CIIEAYEeT OpaTh 10 BO3MOKHOCTH MHUHHMATBHBIM.
Hanpumep, mipu smthe crutaBa LIAM 4 co ckopocTbio BiyckHO#M ctpyr 40 M/c faBiieHHe MOTOKa paciiiaBa
Ha cteHKy (opmbl o yriiom 90° Oyzer cocraBisats 11 MIa, a moa onTuMasHBIM yriioMm 45° — B Tpu
paza menbire — 3,5 Ml 1a.



IMpu Oomsioii ckopoctr Brycka paciiaBa (40—120 m/c), CyiecTBEHHO MPEBBIMIAIONICH ce
kputrdeckre 3HaueHust (ot 0,5 o 12 m/c), TypOyIIeHTHBIH MOTOK METAILIA, YIAPSSCh O CTEHKY (hOPMBI,
pasOmBaeTcss Ha OTHENbHBIC Kaum. [Ipy 3TOM TMPOHMCXOMMT 3aKyNOpKa BEHTWIIMOHHBIX KaHAIOB
MEJTKOMCIIEPCHBIMY KaIlISIMA MeTaylla. BIHXpeBo# MOTOK paciuiaBa 3axBaThIBACT OCTABIIHECS B TIOJIOCTH
(opMbI ra3bl (KOMIIOHEHTBI BO3/TyXa) U Mapsl cMasbiBarorero marepuaia (70—90% rasomnapoBoii (asbr
OT HCXOIHOTO €€ KOJIMYECTBA), O0pasys NpU OSTOM Ta30METAUIMYESCKYIO AMYIBCHIO, OBICTPO
3aTBEPJIEBAIOIIYIO B (popme. 3aTBep/EBIINiI METAIUT UMEET 10 BceMy 00bEMY Ia30BYIO IIOPUCTOCTb, UTO
CYILIECTBEHHO CHIDKACT €r0 MEXaHUUYECKHE CBOMCTBA (OCOOCHHO ITACTUYHOCTB). OCTABIIMIACS B TIOpax ra3
NPH HarpeBe pacIIMpsieTcs, YTO TPUBOIMT K BCIYYMBAHWIO MeTauia. BCleacTBHE 3TOTO OTIMBKH,
TOJTy9IE€HHBIC JINTHEM TIO]] TABJICHHEM, HEJIb3s1 TIOABEPraTh TEPMUUECKON 00pabOTKe.

Tak Ha3pIBaeMbIi THIPABIAYECKUN yap, BO3HUKAroIMK mpyu OCTaHOBKE pacIuiaBa B Pe3yJbTare
OKOHYAHUSI 3arOJIHEHHSI MM TIOJIOCTA (JOPMBI, TIPOSIBIISIETCS B BHIE MTHOBEHHOTO KPaTKOBPEMEHHOTO
TOBBIIICHHS JTABJICHHS META/lIa Ha CTCHKH (PopMBI (Harpumep, pr CKopocTH moToka 20 M/C TIOBBIIIICHHE
JIABJICHHUST [T [BETHBIX CrutaBoB cocraBisieT ot 0,7 mo 3 MIla). [Ipu ruapaBimdeckoM yaape MeTaut
MIPYOKUMAETCs K pabodell TIOBEpXHOCTH (HOPMBI M YETKO BOCIPOM3BOJUT €€ KOH(PUTYpaIlio B OTJIMBKE.
D10 00eCHeurBacT TIOBBIIICHHYIO IUIOTHOCTh €€ TOBEPXHOCTHOro ciiosi (TommmHOW 1o 0,2 mm),
OTCYTCTBHE B HEM Ta30BOi MOPUCTOCTH, TOYHOCTh Pa3sMEPOB M XOPOIIee Ka4eCTBO TIOBEPXHOCTH OTIIMBKH.
[lon neiicTBHEM THIPABIMYECKOTO yAapa MEXTy HoiryhopMamMud oOpazyercss HEeOOJBIION 3a30p,
BBI3BaHHBI CMEIICHHEM TIOJIBW)KHOW YacTH Tpecc-(hOpMbI B HAIPABICHHUH, TEPICHANKYIIIPHOM
IUIOCKOCTH pazbeMa. OOpa3oBaHKe 3a30pa MOXKET BBI3BATh Pa30OphI3TMBAaHME METAUIa M BOSHUKHOBEHHE
3QIMBOB HA OTIMBKAX, KOTOPBIE YCTPAHSIOT JOTOJHHUTEIBHOM MEXaHM4eCKOM 00pabOTKOM.
BosHuKHOBEHHE yKa3aHHBIX JE(PEKTOB MPEIOTBPAIAIOT C TOMOIIBIO 3alMPAIONMX YCTPOKCTB, Xa-
PaKTEPU3YFOIINXCS BEMUMHON yerwmst 3armpanst (0T 2 10 30 MH — B 3aBUCHMOCTH OT THIIA MAIIIAHBI).

JIist yMEHBIIIEHUsT BO3MOXKHOCTH OOpa30BaHMsI Ta30BOM M YCAaJOYHOM TIOPHCTOCTH B OTJIMBKAX
TIPAMEHSTFOT

a) BAKYYMHUPOBAHHE PacIliaBa U MoJIOCTH (POPMBI;
0)3amonHeHne ToaocTd  (popmbl  (Epe  3aIMBKOM  AIFOMHHHEBBIX  CIUIABOB)  KHCIIOPOJIOM,

TIOJTHOCTBIO pacxoryeMbIM Ha OKHCJICHUE pacruiaBa C 00pazoBaHlEM
HE3HAUUTENIPHOW OOBEMHOM  JIOJIM  OKCHIOB  Merayuia. [lpy  3TOM B BUIy — OTCYICTBHSI
B JIMTEHHOM hopme BO3/IyXa HCKITFOHYAETCA BO3MOHOCTh B3aUMOJICHCTBUS

pacIuiaBa ¢ a30ToM BO3/IyXa (MCTOYHUKOM OOpasOBaHKS Ta30BOM TIOPUCTOCTH). ITOT METOJI PEaTH3yeTCst
IIpHU UCITOJIB30BAHN HETa30TBOPHBIX CMA3bIBAIOIINX MaTCpI/IaJ'[OB;

B)TOJICTOCTCHHbIC ~ TWTareM  (BMECTO  TOHKMX  —  INEJICBBIX),  3aTBEPJICBAIOLINE
T03)KE OTJIMBKY M 0OCCTICUHMBAFOIIKE €€ TIOHOIICHHOE 3aITOHEHHE TI0/T TABICHHEM.

[NpenmymectBamu criocoa JIMTHS TIOJT JABJICHUEM SIBIIIFOTCSL €0 BBICOKAs TTPOM3BOIMTEILHOCT,
TOYHOCTh Pa3MEPOB M XOpPOIIee KAa4eCTBO MOBEPXHOCTH (IVIajKas, IUIOTHAs) OTJIMBOK, aBTOMATH3AIIUsI
TporIeccoB JUThsI, cHImKeHue B 10 pa3 u Gosiee TPYIOEMKOCTH M3TOTOBJICHUS OTIIMBOK TI0 CPABHEHHIO C
JIUTHEM B Me€CYaHbIe (JOPMBL.

Hepmocrarkn crioco0a JmThsi, B TIEPBYIO Ouepeb, OOYCIIOBICHBI BOHHKHOBEHHEM B OTJIMBKAX
ra3oycaz0YHOl TOPUCTOCTH: 3TO MOHMKEHHBIE IUIOTHOCTh M IUIACTHYHOCTh METAlIa, HEBO3MOXKHOCTh
MPOBEJICHUS CIIeTyrOIIeH 3a TepMuyeckoi oopadoTku. K HenocTaTtkam JaHHOro crioco0a JIMThsT MOYKHO
TaKKe OrpaHIICHIE MacChl OTIMBOK (10 50 KT), BBICOKYIO CTOMMOCTB Ipecc-(hopM.

JIuTtheM II0/T JaBJICHHUEM TIOTy4atoT IeTATH (KOPITyca, IUIAThI) Pa3IMYHbIX IPHOOPOB, HAEKTPHUECCKUX
MallvH, KapOIopaTopoB, a TAKKe ATFOMHHHEBBIC OJOKH IIMJIMHIPOB, CAHTEXHUYECKYIO apMaTypy U JIp.
JlaHHBIM CMIOCOOOM M3rOTABIMBAIOT H3IEIHS, TOYTH HE TPEOYIOIIME MOCIESIYIOMEH MEXaHMIEeCKON
00pabOTKH, B UMCIIE ICTAIN C TOTOBOM Pe3h00H U T. II.

14.2.2. JIuthe o HU3KUM TABJICHUEM

Jlutee o Hu3kuM fasienreM (JIH/I) mpencrasisier co0oi Mmporiece MOMyd4eHHsT OTJMBOK TPH
3aroJIHeHN! (POpPM PacIUIaBOM M €r0 KPHCTAIUTH3AIMH W3-ObImTouHbM JiaBiierreM 1o 0,1 MIla. /lanHbrit
Croco0 JIUThST WCTOJB3YIOT I M3TOTOBJCHHUS JCTaled M3 ATFOMHHHEBBIX, MArHUCBBIX W MEIHBIX
CIUTABOB, P&KE — W3 CTAM W YyryHa. B (opMmy Meramn moctymaer w3 THIVIA 4epe3 METAJLIONPOBOI,
YaCTUYHO TIOIPY)KSHHBIH B PaciliaB, MO JABJICHAEM BO3/IyXa WM ra3a Ha 3epKajio BaHHBI paciiiaBa (puc.

145).



Puc. 14.5. YcraHoBKa JUTS JIUTHSI 1O/ HA3KKMM JaBJieHHeM: 1— opma; 2— rasonpoBot; 3 —
METAJUIONPOBOJT; 4- THTelb

Korna omimiBka 3aTBep/ieBaeT MpOU3BOIAT PAsTEPMETU3ALIMIO YCTAHOBKU U CIIMB M3JIMIIIKOB METasla
3 MetauonpoBoga B turesb. [Ipu JIH/I turens ¢ pacruiaBoM pasmeniaercsi B TEIUIOM30JIMPOBAHHOM
Kamepe JIMTEHHOM YCTAaHOBKM. JTO OOECIEeUYMBACT XOPOIIME YCIOBUSL IS JUIATEIILHOTO
TEPMOCTAaTUPOBAHUS JKUJIKOTO Mertauia. llorpyxeHue MmeTawionpoBoja B THUIENb C paciljlaBOM Ha
OIPEJICIICHHYO TIyOHHY (paccTosiHue
MEXKTy HIDKHHM KOHI[OM METAIIONPOBO/IA M JTHOM THIJIS COCTaBIieT 00braHO 30—50 MM)

HCKITIOYAET BO3MOYKHOCTB 3aXBaTa I1UIaka 1 ()Iroca B HEM C IIOBEPXHOCTH YKUJIKOTO METaslIa.

Oco0eHHOCTH TEeXHOJIOTHYeCKOro mpouecca JUThs o] HM3KUM JaBjeHueM. [Ipu mtbe noa
um3kum asnenreM (JIH/I) B mporrecce Bcero pabodero Iykiia MoydeHUs OTIMBKH JIMTCHHAs (opMa,
META/UIONPOBO/I U TUIeIb OOBEIMHEHBI PAaCIUIaBOM B CIMHYIO CHUCTeMy (TMIPaBIMYECKYO, TEILIOBYIO,
KOHIICHTPAIMOHHYI0). Hamuume emuHOM TIHApOIMHAMHYECKOH CHCTEMBI IIO3BOJIIET  YIPABIISTH
mapamMerpaMy Ipoliecca 3arojHEeHUs (GOpMbI  paciuiaBoM  (MOCPEICTBOM  MPOrPAMMUPOBAHHOTO
W3MCHEHHS TIepenajia aBJICHNH HaJl 3ePKa/IOM BaHHBI M B (JOPME) O IENIbIO JIOCTHIKECHHUS ONTUMATIEHOTO
[0 KauecTBY BapHaHTAa. JTUM BAKHBIM IIPEHMYLIECTBOM JIUTHE I0J HU3KUM JABJICHUEM B IIEPBYIO
oyepelb OTIIMYACTCS OT MHOTMX M3BECTHBIX CIOCOOOB JIUTHS, OCHOBAHHBIX HA JIO3UPOBAHHON 3aMBKE
paciuiaBa B (popMy WM IIPOMEKYTOUHOE YCTPOMCTBO.

[InaBHOE perymupyemoe 3anoiHeHue (OpMbl JKUIKUM METAUIOM TO3BOJSIET PAKTUYECKU
TMIOJIHOCTBIO BBITECHUTh W3 HEE U JIMTHUKOBOM CHCTEMBI Tasbl, YCTpaHsis T€M CaMbIM BO3MO)KHOCTb
BO3HMKHOBEHHMs  Ta30BOM  IOPHCTOCTM  ODIMBOK.  [IpuHymuTenbHOE K€  TOIUATHIBAHUE
KPHUCTALTH3YFOIICHCS OTIMBKH PACIUIABOM (32 CYET ero M30BITOUHOTO JABJICHHST) TOBBIIIIACT €€ ITIOTHOCTh
Y TIPEMSATCTBYeT 0OpPa30BaHUIO B HEM YCaJIOYHOW M Ta30BOM MOPUCTOCTU. [I0CKONBKY depe3 BEpXHIOH
30HY (POpPMBI ITPOXOUT MEHBIIIE METALIA, YEM YEPE3 HIDKHIOKO, TO M TEMIIEpaTypa B IIEPBOIl 30HE HITKE,
yeM BO BTOpoM. C yderoM BBIIIEM3JIOKEHHOIO MOKHO CO37aTh IOCJIEIOBAaTENbHOE 3aTBEpICBAHNE
OTJIMBOK, 0OECIIEUMBAIOLLIEE MOTyYeHUE JIETAIeH C KaYeCTBEHHOMN IUIOTHOM CTPYKTYpOW U MOBBIIIEHHOM
TepPMETUYHOCTRIO. M3 Tex ke cooOpakeHHiI MacCHBHBIE YacTh OY/IyIed OTIMBKH PACToJiaraloT BHU3Y
(hOpMBI, TIOCKOJIBKY UM TPEOYeTCsl JIOTIONHUTEIILHOE MMUTAHKE TIPU 3aTBEPJACBAHMH. DT 4YacTu (POPMBI
COEIMHSIIOT JIMTHUKAMU C METAJIIOPOBOJIOM.

dopmupoBanne IOTHOH (OECIIOPHUCTOM) MEIKO3EPHUCTON CTPYKTYphl MeTalia 00ecreurnBacT
CYILIECTBEHHBI POCT €r0 MEXaHMYeCKMX W OIKCIUTYaTAIMOHHBIX (M3HOCOCTOMKOCTb, KOPPO3HOHHAS
CTOWKOCTh, IMKIIMYECKas IMPOYHOCTH) XapaKTepUCTHK. Tak, Hampumep, MPOYHOCTh JIMTOIO CIUIaBa
Bo3pactacT (10 CPABHEHHIO CO CBOMCTBAMH OTIIMBOK, MOJMYYEHHBIX KOKIJIBHBIM JIUTheM) Ha 15—25%, a
riactiaHOCTh — Ha 50% 1 Goree.

3anonHeHue (GOpMbl KUAKAM METAIOM HEMOCPEICTBEHHO U3 TUIJIS C IOBTOPHBIM MCIIOJIb30BAaHUEM
CIIMBAEMBIX TIOCIIE MPEIBIIYIICH [UTABKU OCTATKOB paciuiaBa cyiiecTBeHHO (0T 310 10 pa3 ro cpaBHEHHIO
C JINTHEM B KOKIJIb) COKPAIIACT PACX0J] METALIA.

[Tpu UThE 01 HU3KUM JIABJICHHEM UCTIONB3YFOT METAITNYECKHE (KOKUIIST), 000JI0YKOBBIE, [IECUYaHbIE,
KepaMHYecKue U THIcoBble (hopMbl. KOKIIM M3roTaBmmMBaroT U3 CTajd WK YyryHa, a METaJUIOIPOBOJ —
W3 YKapoCTOMKOro uyryHa u TuraHoBoro cruiaBa BT-14. Kak u npu mmMThe B KOKWIIb, TIPHUMEHSIOTCS
TEIJION30JIILIMOHHBIE TIOKPBITHSL. B KauecTBe CMa3Ku [yl TPYILMXCS YacTell KOKUJIEH U T10-

BEPXHOCTEN METANIMUECKUX CTEPKHEH, N3BJIEKAEMbIX U3 OTIMBKH, UCIIOJIB3YETCS KOJUIOMIHBIN TpaduT
Mapku B-1.

[penmyiectBamu crioco0a JIMThs MO, HU3KUM JIABJICHUEM SIBIISIFOTCS: aBTOMATU3AlMs 3aJIMBKU

(OopMBbI; MOHWKEHHBIA PacXoJl METa/UIa; BO3MOXKHOCTh PErYJMPOBaHHUs CKOPOCTH TIOTOKa Meramia (¢
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LEJTbEO 00ECTICUCHHSI ONITUMAIIHHOTO TIPOIIECCa 3aMOHEHHUS METAIIOM (POPMBI); MOBBIIIICHHBIE INIOTHOCT
M Ka4yecTBO CTPYKTYpbl Metawia (Onaromapss W30BITOYHOMY JABJICHHIO Ha HEro, OOCCIICYCHHIO
TMOCIICIOBATEIIHHOTO 3aTBEPICBAHS OTJIMBOK, & TAKKE UCKITFOUCHHIO Ta30BOi MOPUCTOCTH); BO3MOXKHOCTD
TOJTy4EHHUS] TOHKOCTEHHBIX (C TOJIIMHOM CTEHOK 1,5-2 MM) OTJIMBOK; BHICOKHI YPOBEHb MEXaHHUCCKHX H
AKCILTYaTalMOHHBIX CBOMCTB OTJIMBOK.

Henocrarkom crioco6a JIH/I siBisiercst ero orpaHiyeHHOE MPUMEHEHHE MTPH JIUTHE ACTAICH U3 YyryHa
¥ CTaJIY, 9TO BBI3BAHO B IAHHOM CITydae MaJIbIM PECypPCOM pabOThI METALIONPOBO/IA.

[penMymiectBa mporiecca JMThS 07, HU3KAM JIABJICHUEM OBbLIM IIMPOKO HCIOJIB30BaHBI TIPU
pa3pabOTKe HOBBIX CIOCOOOB JIUTHSI, COBMEIIAIOIIMX PACCMATPUBAEMBbINA CITOCOO 3amoyHeHus (HopM
METAJLIOM C TIOCIIETYFOIIMMH TEXHOJIOrmIecKnMH [ Iporieccamu JIMThsI: HAMOPKUBAHUEM, BEDKUMAHHEM,
JIATHEM TIOT JIABJICHAEM H JIP.

14.2.3. JIuTbe BAKYYMHBIM BCAChIBAHHEM

Jluthe (3aMBKA) BAKYyMHBIM BCACHIBAHHMEM 3aKIIOYACTCS B 3alOJHCHUM (DOPMBI  METAILIOM

CO371aBaeMOT0 B Heit Bakyyma. [Ipu qaHHOM crioco0e JTUThsI TOJIOCTh
(opMBI 3aroJHSIETCS 32 CUET Tepenaja JaBieHui OT atMocdepHoro (Haa 3epKajioM paciuiaBa) Jio
nonkeHHoro —10—80 kI a (B mosnoctu hopmbr).

Ha npakTuke peanisyroTcs B€ OCHOBHBIE CXEMBI ITPOLIECCa JINThsI BaKyyMHBIM BcachiBanueM (JIBB):

a) pasMeIllcHHEe JIMTeHHOW (OpPMBI B TEPMETMYHOW KaMepe © COCIMHEHHE €€ C
METAJLIONPOBOIOM, TIOTPY)KEHHBIM B THTE€IIb C PaCIUIaBOM. B JTaHHOM cCilydae MOYKHO WCIIOJTB30BaTh
(OpMBI, TOTy4eHHBIC JTFOOBIMH W3BECTHBIMH CIIOCOOAMH: METAUIMYECKUE, TeCYaHbIe, KepaMUYECKUE
000JI0YKOBBIE, THIICOBEIE, TPAUTOBBIC U JP.;

0)repMeTH3aIHs TIOJOCTH (HPOPMBI, COOOIIAOIIEHCS OCPEICTBOM META/UIONPOBO/IA € PACIIIABOM.
Ora cxeMa IIMPOKO HCHOJIB3YeTCsl NpH JIUThE B  BOJOOXJIAKIAEMYIO METALIMYECKYIO (opMy
Kpuctayum3arop.l Ipy 3ToM moTydaroT Kakmosble, Tak U CIUIONIHBIC 3ar0TOBKU M CIUTKU. [Ipr Haymmarm
TepPMETHYHOTO KOXKyXa MOTYT OBITh HCTIOJIE30BaHbI M TIEPEUNCIICHHBIC B ITYHKTE «a» ()OPMBIL.

Ha puc. 14.6 paccmarpuBaeTcs pUMeEp peaTi3aliy BapraHTa <«O.

Puc. 14.6. YcTaHOBKa AJIs TUThs BaKyyMHBIM BcacbiBaHueM: 1 —
KpUCTANIHN3aTOp, 2— pa3gaTodyHas Medb

Oxuakaaemast BOJIOW MeTautieckast hopMa (KpHCTAITH3ATOP) MOIPYKACTCS CBOUM <HOCHKOM>
(MeTamIonpoBoOIOM) B pacIliaB, HAXOIMAIMHCS B THUIVIC pa3laToOyHOM Meuyd. B mosocti (opmbl,
COEZIMHEHHO C BAKYYMHBIM HACOCOM, CO3/Ia€TCsl pa3 pexxkeHue. PaciiaB BcachIBaeTCsl B OJIOCTb (JOPMBI €
nocnedyromeld ero kpucraumzauueil. [locne 3arBepaeBaHust OTIMBKU (POPMY MOJHUMAIOT I M3-
BJICUEHMS U3 pacIllaBa «HOCHKa» KpuUcTaumzaropa. Pabouyro mosocts (GopMbl COSIMHSIOT ¢ arMoce-
PO, OTKpBIB CHEIMAIBHBIA KpaH. B pe3ynmbrare mycka arMocgepHOro BO3dyXa B TIOJIOCTh KPUCTAJ-
JIM3aTOpa OTJIMBKA BBINAJAET M3 HEr0 B MPHUEMHbIH KOopoO. Takum crocoOGoM YacTo MOy4daroT BTYJIKH,
BKJIAIBIIIIH, TIOIIATTHAKH CKOJIRKEHHS U3 [IBETHBIX CIUIABOB (JIaTyHEH, OpOH3), UyryHa U CTaJIH.

Beicokas 3amonmsemocts hopm pacriasoM mipu JIBB mo3Bosisier mosydars TOHKOCTEHHBIE OTIIMBKA
TomuuHoN 1 MM U MeHee. B cBsi3u ¢ BakyymupoBaHveM ¢GopM (hakTop UX ra3olpOHUIIAEMOCTH TEPSET



aKTYyaJIbHOCTh. MOYKHO HCIIOJIB30BaTh (DOPMBI, OOECIICUMBAIOIIME BBICOKOE KAyeCTBO TMOBEPXHOCTH
OTJIMBKH, BHE 3aBUCHMOCTH OT HX T'a30IPOHUIIAEMOCTH.

[lpu nuThE B Cpeie HU3KOTO BaKyyMa CYIICCTBEHHO YMEHBIIACTCS Ta30HACHIIICHUE W OKUCIICHHE
3anoHsiroriero ¢GopMmy pacruiaBa. JIMThe BaKyyMHBIM BCAChIBAHMEM CIOCOOCTBYET (POPMHPOBAHHUIO
MEJIKO3ePHHCTOM CTPYKTYpBI, TAKKE TOBBIIICHHUIO TEPMETUIHOCTA U KOMITICKCA MEXaHUYCCKHIX CBOMCTB
OTJIMBOK, OCOOCHHO TOHKOCTEHHBIX (C TosmmHON creHkd n0 05 mm). Hampumep,ipu jmthe C
paspexxenurem jio 60 kI 1a
ATFOMUHHUEBBIX cIU1aBoB AJI4 u AJI9 ux npenen npodyHocty rioBkiaercst Ha 20—70%, a OTHOCUTENEHOES
YIIMHEHUE
— na 100% u Gosee. OMBIT MOKa3a1, YTO MCIIOJIE30BAHUE JINThSI BAKYYMHBIM BCACHIBAHHEM B3aMEH
KOKWJIGHOTO TIPUBOJIUT K CYIIECTBEHHOMY TIOBBIIIICHUIO KQ4eCTBa TIOBEPXHOCTH TOHKOCTEHHBIX OTIIMBOK
(KpBIIIeK, KPbLUILYATOK), CHIDKEHHIO Pacxojia MeTa/lla Ha JUTHUKOBYIO cuctemy u pocty (B 1,2 pasa)
TIPOM3BOJIUTEIFHOCTH TPY/Ia 32 CUET COKPAIICHHSI IPOJIOJDKUTEIIFHOCTH TEXHOJIOTYECKOTO ITUKJIA JIUTHSL.
[TpomsBogurenbHOoCTh MammH JIBB 3aBHCHT OT 4YMciia KpUCTAUIM3AaTOPOB: HA MalllMHAX C OJHUM
KpuctayumsaropoM oHa cocraisier 100-120 oTmBoOK B 4ac, a co CIBOSHHBIM KpHcTamm3aropoM — 170

[penmymectBa croco0a 3aMBKM BaKyyMHBIM BCACHIBAHHEM: BBICOKAsl IUIOTHOCTh OTJIMBOK;
OTCYTCTBHE T'a30BbIX M YCAJIOYHBIX T0P, a TAKKe JIATHUKOBOW CUCTEMBI U MPHOBUIECH; XOpOoIIiee KauyeCTBO
TIOBEPXHOCTH; TIOBBIIIICHHBIE MEXaHNUECKUE CBOMCTBA OTJIMBOK; JOCTATOYHAS [IPOU3BOIUTEIIHHOCT.

Henocrarku JIBB (B ciydae mcnonb3oBaHust (POPM-KPUCTALTM3ATOPOB): MPHUMEHUMOCTh €r0 IS
MOMYyYEHHs OTIMBOK JIMIIb TPOCTOW (DOPMBI, BOJHUCTOCTh BHYTPEHHHX ITOBEPXHOCTEH OTIMBOK
(HarprMep, BTYJIOK) W, KaK CIEICTBHE, HEOOXOAMMOCTh OOCCIICUCHHS MPHUITYCKOB HA MEXaHUYECKYFO

00paboTKYy.
14.2.4. JIutbe ¢ KpUCTANIM3ALUEH M0/] JaBJIeHHEM

JlanHbIil croco® oOecreuMBaeT MOMyYeHHE IUIOTHBIX 3arOTOBOK C BBICOKMM YPOBHEM (DU3HKO-
MEXaHUYCCKMX M OKCILTyaTallMOHHBIX CBOKMCTIB M C HEOOJBILIUMHA IPUITYCKaMX Ha MEXaHUYCCKYIO

00paboTKYy.

CymHocTh crocoba auThs ¢ KpucTaumsanuei moa aasinexueM (JIK/I) 3akmouaercst B 3auBKe
MeTalyia B mpecc-(opMy a IMOCIEIYIOIIEM €ro YIUIOTHEHHHM IyaHCOHOM THIPaBINYECKOTO
npecca B mpolecce 3aTBepaeBanus paciiasa (puc. 14.7).

Puc. 14.7. lllTaMnoBKa >KUKHX CIUIABOB B Pa3beMHBIX (a, 0) 1 Hepa3beMHbIX (B)

Ipecc-popMy 3amoIHMOT paciuiaBoM ([OCPEACTBOM CBOOOHOM 3aJIMBKH) JI0 ONPEIETICHHOrO YPOBHS, a 3aT€M €r0 BEDKMMAIOT B
1oJIOCTh (POPMBI ITyaHCOHOM €O CKopocThio 0,1—0,5 M/c. 3anmmBKy OCYILECTBIISIOT TP TEMITEPAType,
nipeBbaronei JMkBuIyc ciwiapa Ha 20—100 °C. C moMOIIbio IMyaHCOHA OKOHYATEIHEHO 0(OPMITIOTCS
KOHTYPbl OTJIMBKM W TPOM3BOJMTCS €€ YIUIOTHEHHE (BBIZCPXKKA IOJ JIABJIICHUEM) JIO TOJIHOTO
3arBepaeBanus. OTIMBKY, W3BJICUCHHYIO M3 mpecc-hopMbl, TOaBEpraroT (Mo  HEOOXOIUMOCTH)
TEPMHUYECKON M MexaHuueckor oOpadotkam. B mporecce JIK]] kpucTamm3yrommiics METauT MOXKET
JIOTIOJIHUTENBHO MOJIBEPraThCsl BO3IEUCTBUIO BUOPALMH U YIBTPA3BYKA.

[Ipy nuThe craBa ¢ KPUCTAUTM3AIMEH TIOJ JIABJICHHWEM 3a CYET IUIACTUYECKUH aedopmariin
MIPOHCXOJIUT <GAJICUMBAHIE» MEKKPUCTALTHYSCKHX M CKATHE Ta30BO3/YyIIHBIX MOp, YTO 00eCTIeYnBacT
noTydeHre 0oJiee TUIOTHOM OTIIMBKU. BBICOKME CKOPOCTH KPUCTAIUTM3AIIMH i MEXaHMIECKOE BO3ICHCTBHEC
obecrieurnBalOT (POPMHUPOBAHKE MENKOKPUCTAIUTMYECKOH CTPYKTYPHl M YCTPaHEHHE TIa30ycaJ0uHOM
nopuctoctd. CHIDKEHHE CTENCHH Pa3BUTHS JIMKBAIMIOHHBIX TIIPOIIECCOB  CIIOCOOCTBYeT —OoJiee
PaBHOMEPHOMY PacCHpE/IeIICHUI0 HEMETAUTMYECKUX BKITIOUCHHH, Bce 3TO MPHBOAMT K TIOBBIIICHHIO
IUIOTHOCTH ¥ KOMITIEKCa MEXaHUUYECKHX CBOMCTB METa/lIa OTIIMBOK: YBEJIMUCHHIO TIPouHOCTH (B 1,5 pasa),



IUIACTHYHOCTH M YIAapHOW Bs3KOCTH (B 2—4 pasa); MO CBOWCTBaM TaKWC OTMBKU MPHOMKAIOTCS K
TIOKOBKaM.

Kaaccudukamus npoueccoB (popmupoBanust otk npu JIK/I. B npouecce s ¢
Kpmgrammzamzleﬁ IO/ JTABJICHAEM PEATU3YIOTCSI CIIEIYIOIIME OCHOBHBIE CXeMBbI JehopMupoBaHust (puc.
14.8).

[MopmueBoe npeccoanue (puc. 14.8, a).

Puc. 14.8. CxeMbI IpeccoBaHMs IPH JUTHE KPUCTAIUTM3AIKEH TTO/1 JABIIEHUEM: a — IOPIIHEBOE
IIPECCOBaHUE; O — IyaHCOHHOE IIPECCOBAHKE; B- [IyaHCOHHO — IIOPIIHEBOE IIPECCOBAHUE; T —
MIPECCOBAHME YePe3 TUTHUKU-TIUTATEINH;1- MICXOTHOE TTOJI0KEHUE ITyaHCOHA ; 2- KOHEYHOE
II0JIOKEHHE ITyaHCOHA

[pu mpeccoBaHMM TOJT TIOPITHEBBIM JIABJICHUEM ITYaHCOH IEPEKPHIBAECT BCIO OTKPBITYIO TTOJIOCTH
MaTpHIbl U JICHCTBYET Ha (DOPMHPYFOIIYIOCS OTIIMBKY B TEYEHHE BCETO TIEPHOJIA €€ 3aTBep JeBaHusl. B
JTAHHOM CJTydae OTJIMBKA IMPUOOPETAeT CBOK KOH(UIYpAlMIO YK€ B TPOIECCE CBOOOHOM 3aJTMBKU
pacriaBa B (hopmy.

I[Tyancounoe npeccoBanue (puc. 14.8, 6). 3nech yactnunoe (GopmMOOOpa3oBaHHE OTIMBKA
TIPOHICXOJIUT eIl JI0 KOHTAKTa C ITyaHCOHOM IIPH 3aJIMBKE PacIliaBa M BBIJICPIKKE €ro B Tpecc-popMe.
3areM BeICTymaromIas (paboyas) 4acTh IyaHCOHa,

MMEIOITIAsi MEHBIIYI0 IUIONIANh Topla IO paciviaBa, BHempsiercs B KpucTaum3yronmiics: paciuias,
BBITECHSIET €r0, 00pa3ysi B OTJIMBKE BHYTPEHHIOKO MOJIOCTh. [Ipu 3TOM 00IIMiA. YpOBEHB paciiiaBa B (hopme
TIOBBIIIIACTCS 110 CPABHEHHIO C TIEPBOHAYAIGHBIM YPOBHEM 3aJIMBKH 32 CYET MAcChl BBITECHEHHOTO
ITyaHCOHOM MeTaJlIa.

[lyanconHo-mopimHeBoe mnpeccoBanue (puc. 148, 6). DT10T mpolecc BKIIOYACT
AJIEMEHTHI TOPIITHEBOrO M MYaHCOHHOTO TpeccoBanyst, OTIMYUTENEHON 0COOCHHOCTBIO JTABHEH CXEMBI
SIBIIETCS TO, YTO B IPOIIECCE OKOHYATENHHOTO (hPOPMHUPOBAHHS KOH(PHUTYPAIMH OTIIMBKHA BBITECHSEMBIN
ITyaHCOHOM PACIUIaB 3aIOJIHAET €r0 COOCTBEHHBIE PAOOIHE TIOJIOCTH.

I[IpeccoBanue uepe3 mutatenu (puc.l4.82). B maHHOM ciyuae paciuiaB 3aMBaiOT B
META/UIONPUEMHHK, U3 KOTOPOTO OH BBIJABIABIMBACTCS IyaHCOHOM (depe3 INMaTeli) B 3aKPbIThIC
nosiocTH mpecc-(popmel. Takum crioco6oM MOKHO B OIHOH Tpecc-(popMe MoTydaTh HECKOJIBKO OTIIMBOK.

Bbi6op TexHoIOrHYecKUX mapamerpoB mpouecca. K rmaBHbIM TexHONormaeckuM [lapamerpam
npouecca JIKJ[ oTHOCSTCA ciietyrommue:

a) [aBnenue mnpeccoBanusi PH. [laBnenue oOecrieunBaeT (OpMOOOpa30BaHUE OTIMBKH,
U3MENIbYCHUE 3€PeH M YCTPaHCHHE CTPYKTYPHBIX Jedekre» (ra3oBbIX M YCAIOYHBIX TIOP;
paKOBI/IH) y IIOBBIIIICHUC KaduecTBa IMOBEPXHOCTH, IIJIOTHOCTHU Marcpuaia u ApPYrux
(M3UKOMEXaHUYECKUX CBOMCTB.

C yBenMYCHHEM MPOYHOCTH CIviaBa (OCOOEHHO TMpPHM TOBBIIICHHBIX TEMIIEPATypax) JOJLKHO
BO3pACTarh U JABJICHUE MPECCOBAHMS. DKCIIEPHUMEHTATHHO YCTaHOBJICHA 3aBUCUMOCTh MEXKITY TPEIEIIOM
MPOYHOCTH Marepuaiia NpH KOMHATHOW TeMIleparype Op M BEJIMYMHOM MHHHUMAIBLHOTO JIABIICHHS
nipeccoBanus Py,. Tak, Harpumep, IS CIDIaBOB ¢ TpezesioM MpovHocTH op J10 250 MIla MuaMMabHOe
nasinenvie npeccoBanust P,= 100—150 MI1a, anpu og>550Mlla P,=200—250 MI]a.

0) Temmepatypa 3amuBaeMoro pacmiaBa (7;,,;) MPEBbIIIACT TEMIIEPATYPY IUIABJICHUS (MK
nukBuayca) criaBa Ha 20—100 °C.
B) Hawanpnast temneparypa npecc-¢popmsr Tyg = 150—250 °C.



r)Bpemst Beimepkku paciuiaBa B mpecc-popme 10 npwiiokeHus —jgaBieHus  (ty)
JOJDKHO OBITh MHHHMAJIBHBIM, TIOCKOJIBKY YBEIHUYEHHE TPOJIOJDKUTEIBHOCTH BBIACPIKKH
IIPUBOJIUT K 00pa3oBaHUIO TBEPAOM MAaCCHBHOM TpyAHOAePOpMUPYEMOiT
KOPKH MeTauta. J{J1sl TOHKOCTEHHBIX OTIMBOK t; < 5c.

n) Bpemss BbiepKH paciuiaBa B mpecc-popme mon jgaBieHuem t,, Ilpu  mo-
aydeHuH (ACOHHBIX OTJIMBOK BpeMs BBIACPKKM [MOJa JaBieHHeM (B CeKyHIax) pac-
CUUTBIBACTCS C YYETOM TOJIIMHBI CTeHKH O (B MM): 1, =(0,8—1,2)5.

e)Ckopocth  (opmooOpa3oBaHusi Vg. B mpomecce JMThI ¢ KpUCTAJUIM3AIMCH
MOJI JaBJCHHEM Tpecc-(GOpMBI OXJIAXKJAIOT BOJOW WM BO3AYyXOM. 3HAa4Y€HHE CKOPOCTH
(hopMo0Opa3oBaHUs 3aBUCHT OT MAacChl W TOJIIIMHBI CTEHOK OTJIMBOK M MMEET OTpE/ICICHHBIC
OTpaHUYEHUS. Hanpuwmep, CKOpOCTb ¢dbopmooOpazoBaHUs Vg HE
nomkHa mpeBbimare 0,10 w/c ans  maccuBHbIX oTauBoK u 0,15 wm/c  ans TOHKO-
CTEHHBIX. JTO CBS3aHO C OMNACHOCTHIO BO3HMKHOBEHHWS BHYTPEHHHX HANPSHKCHUHA B
OTJIMBKE M3-32 HEPABHOMEPHOTO OXJIAXKICHHUS €€ OT/ACIbHBIX yIaCTKOB.

Matepuajbl 0TJIMBOK. CrocoOOM JHUTHS ¢ KPHCTALIM3AIMEH O] JABJICHHUEM IOJIYYaroT
MPOCTHIE M CJIOXKHBIE TI0 KOH(GUTYpAIlMH 3arOTOBKH M3 CIUIABOB Ha OCHOBE I[BETHHIX METAJUIOB
(amroMuHMsI, MarHusi, MeIy, IIMHKA), a TaKKe CTaJu W uyryHa. [Ipy 3TOM MOryT OBITh
WCIIOJIb30BAHbI KaK JUTEHHBIC, TaK U JeQopMHUpyeMbIe cIUTaBbl. llocienHne UMEeIT MIHMPOKHA
MHTEPBAJI KPUCTAJUIN3ALWHI M CKJIOHBI B CBSI3H C 3TUM K 00pPa30BaHUIO YCAJTOYHOH MOPUCTOCTH H
TOpSIYMX TPEIIUH. BOJBIIUM MpenMyniecTBOM crnoco0a JIMThsI ¢ KPUCTAJUIM3ALMEH TI0]] 1aBie-
HUEM SBIISIETCS BO3MOXKHOCTH TOJydYaTh W3 Je(POPMHUPYEMBIX CIUIABOB IUIOTHBIC OTIMBKH H
3aroTOBKH. DTHM CIIOCOOOM JIMThSI TOJYYarOT ciIuTku guamerpom 30— 600 mMm,a Takke
OTJIMBKH C TOJIIIHHOM cTeHOK oT 2 0 100 MM 1 Maccoii oT HeckosbkuxX rpamMmmoB 10 300 Kr.

YciaoBust padorbl, MaTepuaJbl U O0COOCHHOCTH KOHCTPYKLIHMH mpecc-¢popm. J[leranu
npecc-GpopM paboTaIOT B YCIOBHSIX BO3JCHCTBHS OOJBIIMX HATPY30K M TEMIIEPATyp, a TaKKe
(HU3UKO-XUMHUYECKOTO B3aUMOJICHCTBUS (KOpPpO3HUsi, 3pO3Us, HW3HALIMBAHUE) C IKUIKUM U
3aTBEpACBAIOIIUM MeTauioM. [103TOMy OCHOBHBIE JeTaiu npecc-GopMm (MaTpHIIbI, MTyaHCOHBI,
METa/NTMYECKHE CTEP)KHH, TOJKATEIM) H3rOTABIMBAIOT W3 JICTUPOBAHHBIX TEIJIOCTOMKHX
uHCTpyMeHTabHBIX craned SXHM, 3X2B8®, 4X5MDC, 4X5B2dC. [lo KOHCTPYKTHBHOMY
UCIIOJIHCHUIO MATPUIBI Tpecc-pOopM MOAPA3JCISIOTCS Ha Hepa3beMHbIe (HEMOJBIDKHBIC U
MOJIBIKHBIC) M Pa3beMHbIC (C TOPU30HTAIBHOM, BEPTUKAIBHOW M HECKOJIBKUMH IUIOCKOCTSIMHU
pa3bema) — cM. puc. 14.7.

3ammTHBIE CMa3KH M MOKPBITHH JUIM mpecc-popM. [l 3amuThl MOBEPXHOCTH Tpecc-
GbopM TPHUMEHSIOT TEXHOJOTMYECKHE CMa3KH. TPOTUBO3AJAUPHYIO CMas3Ky amoMuHOI-MI,
MPEACTABIISIIONIYI0 COOOM CYCIIEH3WI0 Ha MACIsHOW OCHOBE C Jo00aBkamu TpadwuTona u
IHUCIIEPCHOTO ATFOMHHUEBOTO TIOPOIIKA, a TAaKKe CMa3KH Ha OCHOBE BOJHBIX PacTBOPOB
(rpaduron B-2 u rpaduron B202) ¢ no6aBkamMu aHTU(HPUKIIMOHHOTO HAMOJHUTEINS — Trpadura.
Jnst 3amuThl mipecc-popM UCTOJNB3YIOT TaKkKe KPacKH W TEIUIOU3OJISIIHOHHBIC TMOKPBITHS
tomuHOW 0,2—1,5 mm. [Ipr HaHECEHWH TEXHOJOTHYECKHX CMa30K Ha paboure MOBEPXHOCTH
neraneit mpecc-popM nocneaaue mogorpesatot 10 120 °C u Goee.

[Mpeumymecrea wmeroxa JIKJ/[: mosydeHHe IUIOTHBIX OTJIMBOK (C  MEIKO3EPHUCTOM
CTPYKTYpPO#, OTCYTCTBHEM T'a30BOM U YCAOYHOM MOPUCTOCTH) U3 JIUTEHHBIX U Je(HOPMUPYEMBIX
CIUIAaBOB C HIMPOKHM HHTEPBAJIOM KPHUCTAILIM3AIWH, OOecredeHrne HEeOOJBbIINX MPHUITYCKOB Ha
00paboTKy pe3aHueM; BBICOKasl MPOU3BOAUTEIBHOCTh TEXHOJIOTHIECKOTO MpoIecca; OTCYTCTBUE
(B OONBIIMHCTBE Clly4aeB) JUTHUKOBOM CHUCTEeMbI; OoJbinoi mporueHT (95%) BbIxoaa TOAHBIX
JIUTBIX U3CIIHM.

OcHoBHBIMU HenocTaTkaMu crioco6a JIK]] sBistroTcs 6ombIas Tpy10eMKOCTh H3TOTOBJICHUS
Y BBICOKAsi CTOMMOCTB TIPpecc-QOpM JIUTHS.



14.2.5. IlenTpode:xHOE TUTHE

JlaHHBIN cIOCOO JHUTHSI MPEACTABISIET cOOOW mpoiecc (OpMUPOBAaHUS OTIMBOK IOJ
JCHCTBHEM LEHTPOOEKHBIX CHJI TPU CBOOOHOW 3alMBKEe METa/Ula BO BpAINAOIIUECS (POPMBIL.
LleHTpOoOEKHBIM CIIOCOOOM MMOJYYAIOT OTJIMBKU M3 YYT'yHa, CTalld, CIUIABOB HAa OCHOBE Meja,
QIIOMHHUS, [IMHKA, MarHus, TUTaHa u Ap. JIuTeiiHbIe IEHTPOOSKHBIC MAIIMHBI UCIIOTHSFOTCS B
TpeX BapuaHTax: ¢ ropusoHTanbHOU (puc. 14.9, a), BeprukanbHoi (puc. 14.9, 6) win HAKIIOHHOW
(Ha pucyHKe HE IMOKa3aHa) OChIO BpAIlCHHS.

Puc. 14.9. lleatpoOexHOoe JHThe (B U3I0XKHHIIAX) C TOPU3OHTAIBHOM (a) U BepTHKaIbHOMH (0)
OCSIMU BpallleHus: 1 — paciuiaB; 2 — 3aJIMBOYHAs BOPOHKA; 3 — Pa3IUBOYHBIN KOBII; 4 —
OTJIMBKA, 5 — W3I0KHUIA

B psane ciaydaeB BHYTpEHHsISI TIOBEPXHOCTHh OTJIMBKH SIBJSIETCS CBOOOJHOMN, IMOCKOJBKY
dbopmupyercss 6€3 HEMOCPEIACTBEHHOTO KOHTAKTa C JUTEHHON (opmoit minm crepxkHem. Ha pa-
004YyI0 TMOBEPXHOCTh METALTHUECKUX (opM (M3JIOXKHUILY), MPEIBAPUTEIBHO HArpeThix (WU
oxnaxaeHHbx) 10 300 °C, HAHOCAT OrHEYIMOPHOE MOKPHITHE B BHJC KPAacoOK, OOJIHIIOBOK
(Hampumep, cMech MecKka ¢ MyJIbBEpOAKEIUTOM) U IPYrHMX MaTepraioB [IOKpHITHE MOBBIIIACT
CTOMKOCTB (DOPMBI CHIPKAET CKOPOCTh OXJIAXKIECHUS OTIIMBKH U BO3MOKHOCTh 00pa30BaHUs B HEH
TpemH OHO MOXKET TaKkKe PEeryaHpoBaTh CTPYKTYPY M COCTaB TOBEPXHOCTHBIX CJIOEB OTJIMBKHU.
CyIecTBeHHO TOBBIIIAET KaYeCTBO OTIIMBOK BBEICHHE (IFOCa HETIOCPEICTBEHHO B ()OpMy B Ipoliecce
(hopmupoBanus OTIIMBKH. DITFOC TIOIAIOT 103aTOPOM B 3 TMBOYHOE YCTPOMCTBO IIEHTPOOSKHON MAIITHHBI.
Hanpumep, npu mThe THIBE3 W3 YyryHa TPUMEHSEOT (DIIFOCOOOPA3YIO-IIIYI0 SK30TEPMHYECKYIO CMEChH
cocrasa (B % Macc.): CIIMKOKIbIMSI — 8, amOMHHUEBOTO Mopolika — 12, HarpueBoi cenmtpel — 14,
cuiKara Hatpusi — 26; 1oiaBukoBoro mmara — 20, Ky3HeuHol okaimmasl — 20. @moc paduHupyer
pacIuiaB, 3alMIIACT €r0 OT OKUCIICHHS, a TAKKe 3aTOPMaKHBACT TEIUIOOTBO] OT BHYTPEHHEH CBOOOTHON
TIOBEPXHOCTH 3aTBEP/ICBAOIICH OTIIMBKH, CO3/JaBasi ONArompUsTHBIC YCIOBHS [UIS HAIpaBICHHOW
KpUCTAUIM3aMK MeTaria B ¢opme. Vcrnonb3oBanue (IOCOB CHIDKAeT B 4—6 pa3 MporieHT Opaka mpu
LIEHTPOOSIKHOM JIUTHE.

PacruiaB 3anonHsieT mosocTh JMTEHHON (OPMBI B 3aTBEpPIEBACT TIO/I BO3ACHCTBHUEM IIEHTPOOCIKHOM
cwibl F,, 3HaunTensHO npeBblnaromiei cuity Tsokect FoiF-KF,, rme K — rpaBUTalOHHBIN
ko3 uImeHT (K—3—300) [Tpy LEHTPOOSIKHOM JIUTHE B&)KHOI/I XapaKTEPUCTUKOH, o6ecnetm|3a101uen
TEXHOJIOTHIECKHI TPOLIECC, SABIISETCA YACTOTA BPAIICHHS (DOPMBI — UHCII0 0BOPOTOB N B MUHYTY (MUH )
I N—B cexyHIy (¢7).

PaccrmraeM N JUTS M3JI0KHHULIBI C FOpI/I3OHTaJ'[BHOI/I OCBIO BPaIlICHHL HpH

F.=mw’R; F,.=mg; K=w?R/g;D=2R; w=(2Kg/D)*

n= 60w/2r = 60[(29)**/2x] (K/D)">:

n= 60-0,705(K/D)*® s (o6lmur); ' = 0,705(K/D)° c*(06/c),

rJie M — Macca paciuiaBa, kr; R— pamiayc Tena Bparienus, M; D= 2R— mamerp (popMH M; ©
— VIVIOBAs CKOPOCTh BpALLCHHST: = 21V60 pazy/c; § —yCKOpEHHE CBOOOIHOTO MajieHust, M/’



Koadduiment rpaBuraimiy 3aBUCHT OT BHIa (OPMBI U COCTaBa JIUTEHHOro craBa: K= 75 s
niecuanoi popmel, K = 90—100 115t CITaBoOB ¢ Y3KMM HHTEPBAJIOM 3aTBEPICBAHUS.

Ipu muThe B GOpPMBI O BEPTHKAIIBHOM OCBEO BpaiieHwst KoddduiwenT rpasuraiws paper 100—200.
JInst pacdeTa ONTHMAIBHOM YacTOTBI BPAILICHHUST (POPMBI Nopy  MCTIONB3YIOT TAKKE TTOTYIMITMPHIECKHE
¢dopmyibl, Harpumep dopmyity JI. C. KoncrantiHoBa

Nonr = 17460/ pR)* Mur™, Ny = 201/( pR)* ¢,
IJie p — IUIOTHOCT CIITaBa, KM, pay = pK; R— pamyc hopMel, M.

Baxxnocts Be100Opa yacToThl BparieHust (GopMbl N 00yCIIOBIIEHA CIIEMYIOIMME COOOpakeHnsMuU. [Ipu N =
Nonr HEMETAUTMYECKHE BKJTIOYCHFS, IUIAKA M Ta30Bas IOPHCTOCTh OTTECHSIOTCS K BHYTPEHHEH
MOBEPXHOCTH OTIMBOK (BIOCJICACTBUM OHM  YIAIIOTCA MEXaHHYEeCKOW 0OpaboTKoM). Trm
o0ecreurBalOTCsl BBICOKHE 3HAYCHUS ITUIOTHOCTH M MEXAaHHMYECKHMX CBOMCTB OTIMBKH. B ciydae
MPEBBIIICHNS ONTHMATBHBIX 3HAYCHHI YacTOThI BparieHus (N > Ny;) BO3pACTaeT JIMKBAIMS B OTJIMBKE, a
TAKOKE OITACHOCTH 00PA30BaHIs B HE TPEILMH U3-32 POCTa JaBiieHus (BenescTere yBenmaeHus F ) . [lpu
HEBBICOKMX YacToTax BpatieHus (N < Noy;) OTIMBKA IUIOXO OYMIIACTCS OT IIJIAKOB U Ta30B, B PE3YJIbTATE
Yero NMproOpeTaeT IMEPOXOBATYIO TOBEPXHOCTb.

LleHTpoO©KHOE JUTHE TIPUMEHSIOT TaKOKe JUIA  TOJydeHHsS OMMETAUIMYECKUX — W3JICIHH,
W3rOTaBJIMBAEMBIX W3 KOMITO3UIIMI TUTIA: CTAI—OpOH3a, IyryH—OpOH3a, CTATb—CTallb, CTAIb—Yyr'yYH
u 1p. Hamprmep; MIMpOKO MCIONB3YIOT OMMETAITMYECKUE 3ar0TOBKH U3 CIIEIYFOIIMX Tap MaTepUasioB:
»aporpounast cranib X17H13M3T — creumr (HOpOIIKOBBIi CIIaB Ha OCHOBE KoOasibTa ¢ obaBkamu Cr,
W, Ni, S, Fe, C u apyrux smeMeHToB), cTaib 45 — BBICOKOXPOMHCTBIN 4yryH, cTamb 25J]1 —
Hepkaseronqas cramb O8X18HI10T wm mp. Mcmonp3oBaHMe OMMETAUTMYECKHX JETANICH TIO3BOJIIET
SKOHOMHTh JC(PUITUTHBIA MaTePUAT M OTHOBPEMEHHO ITOBBIIIATH B 2—3 paza pecypc paboThl m3ziermii. B
TIPOMBIILICHHOCTH TOJTydeHHE OMMETAIUTHYECKHX 3arOTOBOK OCYILECTBILIOT, B OCHOBHOM, TIOCIIEIOBA-
TEJIHHOM 3aIMBKOM B U3JIOKHHILY CHAYaIa OJTHOTO, & 3aTeM (C PeryIaMeHTHPOBAHHBIM TIEPEPBIBOM) JIPYrOro
cIutaBa, (POPMHUPYIOIIIX COOTBETCTBEHHO HAPY)KHBII U BHYTPEHHHUH CIION OTIIBKH.

Ha neHTpoOeXHBIX MalllMHaX POJIMKOBOIO THIIA MMOJYYalOT OJHOCIOWHBIE M OMMETAIMYECKUE
3aroToBKH ¢ BHyTpeHHNM juameTpoM ot 0,1 o 1,5 m, mmwmoit ot 1,3 no 10 M u maccoit o 50 1. Tormmmaa
CTCHOK TOJIBIX OTIIMBOK, TIOJTY4EHHBIX IIEHTPOOCKHBIM CIIOCO00M, KoureoseTcst B rpezenax 4—350 M.

OTmMBKE W3 PEaKIMOHHO-aKTUBHBIX METAUIOB MOXKHO TOJNYYaTh B ILEHTPOOSKHBIX MAIIMHAX,
cHaOXEHHBIX BAKYYMHOM KaMepou ISl 3aJIMBKU MeTaslia B opMy.

LleHTpoOeKHOE JIMTHE TPUMEHSIOT, B OCHOBHOM, JUTSI TIOJTYYEHHS MYCTOTENBIX OTJIMBOK THITA TEN
BpatteHust (BTyiKu, poTopsl). DacoHHbIE OTIMBKH, KaK MPABIIIO, TIOTYYal0T B MAIIMHAX C BEPTHKAIBHOM
ocbi0 BpameHus. [l momydeHust (pacOHHBIX W3NENMIA TPUMEHSFOTCS TIeCYaHbIe, METATMYECKHUE,
KepaMHU4ecKre U TpadUTOBBIE (HOPMBI.

[penmyriecTBaMK TaHHOTO CHOCO0A JIUTHS SIBJISFOTCS: OOJIBbIIAs MPOU3BOUTEIILHOCTD CrIocoda 1

BO3MO)KHOCTB €10 aBTOMAaTH3aIMH, BBICOKHIA BBIX0J1 roHOro Metauia (90—95%); BbicoKas INIOTHOCT U
MEJIKO3EPHICTOC CTPOCHHE OTIMBOK (32 cYeT OOJBIIMX CKOPOCTEH OXJAXKICHHS), pean3alyst
HAaIPaBJICHHOTO 3aTBEP/ICBAHHS OTIIMBOK; BO3MOYKHOCTb ITOTYy4EHHUS TOHKOCTEHHBIX OTJIMBOK M3 CIUIABOB C
HU3KOM KUJIKOTEKYYECTBIO.
Henocratku crioco0a: XumMuyeckasi HeOTHOPOAHOCTh (JIMKBALIKsA) B TOJICTOCTEHHBIX OTJIMBKAX; BBICOKUEC
BHYTPCHHHE HANpPsDKCHUS B TOBEPXHOCTHOM CJIOE€, CHOCOOCTBYIOIIFE OOpa30OBaHHMIO —TpEIIMH,
BO3MOXHOCTE Aepopmarmut (GOpMBI TIOJT TABJICHHEM JKHIKOTO METAUIA, B PE3YJIbTare 4ero OTJIMBKU
00pa3yloTCs ¢ MOAYTOCTBIO; PA3HOCTEHHOCTH IO BBICOTE OTIIMBOK, MOJYYEHHBIX B MaIllHAX C BEPTH-
KaJIbHOW OCBIO BparlieHus. LIeHTpoOeKHBIM JIMTHEM M3TOTABJIMBAIOT BOAOHATIOPHBIC M KaHATM3AIIMOHHBIE
TpyOBI, TWIB3bI JIBUTATENICd BHYTPEHHEIO CrOpaHMs, TOPIIHEBBIC KOJIbIA, LFTMHAPHI KOMIIPECCOPOB,
OYKCBI, TIOIIAITHAKA Ka4eHWsI, BTYJIKH, TUCKH, OapaOaHbl U 1.



14.2.6. JIutbe BbIKMMAHHEM

JIaHHBIA CTIOCOO JIMTHS TIPEIHA3HAYESH TS TIOJTydeHHs] TOHKOCTEHHBIX KPYITHOTa0apUTHBIX OTIIMBOK
HIOCPE/ICTBOM CBOOOJIHOM 3IMBKM paciuiaBa (4epe3 METUIONPHEMHUK) B PAcKpbITyio (opMy C
MOCJIC/YFOIIMM 3aIlOJIHEHUEM METaIOM BCeid ee paboyeii MoJIOCTH 3a CYeT COMMKEHHsI Toy(hopM (pHc.
14.10). M30bITOK MeTasL1a BBDKMMACTCS B IPUEMHBINA KOBIIL

I[lponiecc momydeHHUs OTIMBKU PEANTM3YETCs JBYMS OCHOBHBIMH METOJAMH. JIMOO TOBOPOTOM
MOJBIKHOW  TONMy()OpPMBI  BOKPYr  KecTko  ¢ukcupoBanHo ocu  (puc. 14.10, a), mmbo
IUIOCKOIapalIeIbHbIM COMMKEHUEM OJTHOM Wik 00eux 1o- Jiydopm (prc.14.10, 6).

&
M Ij l
Puc 14.10. PasHOBUIHOCTH IIpoLIECcCa JIUThsl BEKUMaHHEM:
G — BBDKMMAHME PacIuIaBa HOBOPOTOM HOABHKHOM MOTy-(DOPMBEI; 6 — BEDKMMaHHE

pacIuiaBa Mja0CKONapauIeIbHBIM IIEPEMEIIEHUEM OIBIKHON mosrypopmel; 1 — 3ainBKa
criaBa; 2 — cOmmKeHue moyGpopM ¢ BBDKUMaHUEM H3JIUIIKA METaslia

[lpu nuThE BBDKUMAHHMEM HCIOJB3YIOT METALIMYSCKAE TOIYPOPMbI C TECYaHBIM
crepykHeM. Il TIOBBILICHHUS] CTOMKOCTH (HOPM HX Tepe]l 3aIMBKOH MOKPHIBAIOT 3al[UTHBIMHU
kpackamu u HarpeBaroT 70 250 °C. IlomorpeB moiyop™ OCYIIECTBIISIETCS HarpeBaTelsIMH,
pa3MEIICHHBIMH BHYTPH HHUX. 3aJUBKy QIIOMHHHUEBBIX M MAarHUEBBIX CIUIABOB B (opmy
MPOBOJAT TPH TeMIeparype, mpeBblmaromeii ux jukBuayc Ha 80—100 °C, a mpormecc
BBEDKMMAHHUH HAYWHAIOT UG Tpu Temnepatype Ha 20—40 °C Brllie JIUKBHUIYyCA.

OnrumanbHas CKOPOCTh TeYeHHUs MeTasuia B hopme (CKOpOCTh MoAbeMa YPOBHSI MeTaIa),
SIBIIAIONIASCS BaKHBIM IMapaMeTPOM TEXHOJOIMYECKOro mporecca, cocrapiuster 0,3—0,7 m/c.
3aTBep/ieBaHNe OTJIMBKA HAYMHACTCS YK€ B MpOIECCe JBMKCHHUS paciuiaBa B (opme u
3aKaHYMBACTCS COCMHECHHEM KOPOUYEK METa/lla, HAMOPOKEHHBIX HA CTEHKAX COJMKAFOLIMXCS
nonypopm. [lpu cONpPUKOCHOBEHHH TMOJy(HOPM BO3HUKAET 30HA KOHTAKTa IOBEPXHOCTEH
COC/IMHSACMBIX KOpPOYEK MeTajula, KOTOpas TMPEICTaBsieT co0oi Haubojee YI3BHMYIO
nedeKTHY0 001acTh OTJIMBKH.

OcHoBHbIC JIeHDEKThl OTIMBOK MPH JUThE BbDKMMAHHEM: PAKOBHHBI, PHIXJIOThI, TPEIIUHBI,
BOJIHMCTOCTh TOBEPXHOCTH; HECOOTBETCTBUE (DAKTHMYECKUX pa3MEpPOB OTIHMBKH pa3MepaM,
3aJ[aHHBIM YEPTEIKOM; KOPOOJICHUE OTIIMBOK.

JIuTheM BBDKMMAHHEM HM3rOTABJIMBAIOT OTJIMBKH, B OCHOBHOM, M3 amoMuHKeBbIX (AJ12, AJ14, AJI9,
AJIAM, AJ134, AJ123-1) u maraueBbix (MJI5, MJI6) crumaBoB. OfHako KpyHMHOraOapUTHBIE OTIMBKA
MAaHETHHOTO ¥ 000JIOYKOBOIO TUMa (HarpuMep, JETald XOJIOAWIBHIUKOB U TEIIOOOMEHHBIX aIapaToB 1
ap.) pasmepamu 1,0—25 M 1 TommaON creHok 1,5—5,0 MM MMOJTy4aroT W3 aFOMHHHEBBIX CILIABOB,
MOCKOJIBKY CITIABbI MArHHUsi CKJIOHHBI K OKUCIICHHEO U 00Pa30BaHHMIO MUKPOPBIXJIOT.

[MpermyinectBamu  criocoba  JIMThS  BbDKUMAHHEM  SIBISFOTCS:  BO3MOXKHOCTB  TIOJTy4YCHHSI
KPYITHOra0apUTHBIX TOHKOCTCHHBIX OTJIMBOK; OTCYTCTBHE JIMTHHKOBOM CHCTEMBI; BO3MOXKHOCTH
BbDKHMaHHsI METa/lIa B (JOPMY B CYCIICH3HOHHOM COCTOSIHUH (IIPY TEeMIIepaTrypax MEKIIY COJMIYCOM H
JIMKBUITYCOM).

Henocratku crioco0a JuThst: OHIKEHHAs: TOYHOCTh Pa3MEpOB OTIMBOK ([0 CPABHEHHUIO C JIUTHEM B

METa/UTMYECKHe (POPMBI) M3-32 HETOYHOM CTHIKOBKU MONY()OPM; HU3KUI BBIXOJ TOJHOIO JUTHS (25—
50%).
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14.3. Cnioco0b1 JIMTHS ¢ HeNpPepPbIBHLIM NPoLeccoM (pOpMUPOBAHUS OTJIMBKH

14.3.1. HenipepbIBHOE U NOTyHeNPEePbIBHOE JINTHE

HenpeppIBHBIM JIMTHEM HAa3bIBAIOT IPOIECC TOJYYEHUS TMPOTSHKEHHBIX OTIIMBOK ITOCPEICTBOM
CBOOOJIHOIM HEIMpPEPBIBHOW 3aIMBKU paciliaBa B BOJOOXIKIaeMYr0 (GopMy (KpuCTaumsarop) U
BBITATHBAHMS M3 Hee C(HOPMHUPOBAHHON YaCTH OTIIMBKU. J[aHHBINA CTIOCOO HA3hIBAIOT MOYHENPEPHIBHBIM
JIMTHEM, €CJTH HAKII/IBIBACTCS OTPAHMYCHHE Ha 10/jady MeTauia (1o BPEeMEHH WJIH Macce).

Wcxons w3 pacriofioKeHUs: KPUCTAUIM3aTOpa M TEXHOJOTUYECKOM OCH mpoliecca (HarpaBiieHHs
BBITSDKKU 3arOTOBKH), HEMPEPbIBHOE (IOIYHENPEPHIBHOE) JIMTHE MOPA3NCISIIOT HA TOPU3OHTAIBLHOE U
BepTHKaJIbHOE. [IpM TOPM3OHTAIPHOM JIMThE METAUT OTIMBKM MEHBIIE TOJBEP)KEH OKHCICHUIO M
3arps3HEHUIO  IJTAKOBBIMH ~ BKJTFOYCHMSIMH, TIOCKOJIbKY OH CHaJajia TIONaJaeT B  CICHHATbHBINA
META/UIONPUEMHHK (HAIPUMEp, B PA3TIMBOYHYIO 1€4b), @ YK€ U3 HEro B KpUCTauM3arop. BeprukansHoe
JmThe siBJIsieTcst Oosiee A(pHEKTUBHBIM IPH MOTYyYEHUH MOJIbIX 3ar0TOBOK.

B 3aBucuMocTd oT Marepuaia pabouel MoyocTH JiuTelHble (hopMbl (Kpuctaumsaropbl) 2 (puc.
14.11) nozpa3iesisoT Ha MeTaUInUecKue (BBITOJIHEHHBIC U3 MEIH, aTFOMUHNS, CTAIIN) WK TPa(HTOBBIC.
B mocnemneM ciydae ucnonbs3yrotrcsi TpadMTOBBIE BCTABKU, KOTOPBIE MOTYT OBITh MOHOJIMTHBIMU WA
MOJIBIMK.  briarosiapst BBICOKOMY KOMIUICKCY TEIUIO(PU3MUIECKHX CBOWCTB rpadura (TepMOCTOMKOCTS,
BBICOKAsl  TEIUIONPOBOJHOCT, HHM3KHH KOS(PMHUIMEHT, TPEHMSA, HECMAYMBAEMOCTh METajlIaMHK)
rpagUTOBbIE  KPUCTANIM3ATOPHl  MOJMYYWIH  TPUOPUTETHOE TPUMEHEHHE TI0 CPaBHEHHIO C

MCTAJUIMYCCKHNMU.
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Puc. 14.11. Cxema yCTaHOBKU HENPEPHIBHOTO FTOPU30HTAIBLHOTO JIUTHS:
1— paznarounas neds; 2 — jmrelinas popMa (KpUCTaUM3aTOp); 3 — 3aTBEPIEBIIAs YacTh
OTIIMBKH, 4 — POJIMKH JU1s1 BBITSDKKH OTIHBKH, 5 — IiTa (Pe3ak

BryTpenHsist paboyast MoJIoCTh KPUCTALTH3ATOPA, HETIOCPEICTBEHHO KOHTAKTHPYFOIIIAs C PACILIABOM,
oxnaxmaercss Bomor (puc. 14.11). Ona Qopmupyer B COOTBETCTBHHM C KOH(HUIypammeil CBOEro
MOTIEPEYHOro  ceueHns mpodwab Oymaymed ommBkda. [lpu  BeIOOpe MPOTSHKEHHOTO — pasmepa
KPHCTALTM3aTOPa YUUTHIBAKOTCS TEIUIOIPOBOIHOCTD M TEXHOJIOTMYESCKUE CBOMCTBA MaTepraia OTIIMBKY, a
TAKKe ITUIOIAb € TIONEePeYHOro ceueHust. Tak, JUis JIMThs CIUIABOB HA OCHOBE ATFOMHHHUSI U MEIH
HCTIOJIB3YFOT KpUCTALTH3aTophl JiHOH 10 300 MM, a CTali U Yyr'yHbI JIBIOT B 3HAYMTEIHHO (B 3—b5 pas)
OoJiee TMHHbIE (GOPMBI.

B kpucraumzatope BO3HUKACT OOJIBILON TPAMEHT TEMIIEPATyp MO CEYCHUIO OTIIMBKH, YTO CO3/aCT
YCIIOBUSL JUTSI €€ TOCIICIOBATENBHOIO 3aTBepieBanust. [Ipy 5TOM 3aBepiiicHHE 3aTBEpICBAHNUS TIPOUCXO/IAT
MO0 B KPUCTALTM3ATOPE, JMOO0 yKe BHE ero. st perymMpoBaHusi CKOPOCTH KPUCTAILTU3AINN OT/IMBKH
(mo ee mepuMeTpy) CrCIMATBLHO BBOIST B 3a30p MEKIY IpadUTOBOM BCTAaBKOM M KOPITyCOM (HOPMBI
(kpucTaM3aTOpa) CIIOH TEIUIONPOBOAHOM MacThl. OOBIYHO TOJIIMHA TOTO CJIOSI TUTABHO M3MEHSIETCS OT
MHHMMATBHOM (B BEpXHEH 30HE OTJIMBKH) JI0 MaKCHMalbHOW (B HybKHEH). B crydae 3arBepieBamws
OTJIMBKM BHE KPHCT/LIM3aTOpa B HEH HEKOTOPOEC BPEMsI COXPAHSCTCS CIE JKUIKOS SJIPO, AKTHBHO
OTJIAIOIee CBOK TEIUIOTY MOBEPXHOCTHOMY CJIOKO. [IpM OTCYICTBMM BHEIIHErO HWHTCHCHBHOTO
OXJIOKJICHHS 3TO MOXKET TPUBECTH K PE3KOMY HarpeBy MoBepXHOCTH. 1o Mepe yhaneHust or (GopMbl
JKUIIKOE SIIPO OTJIMBKU OXJIAXKIACTCS, MPH 3TOM MEXaHM3M KPUCTALTM3AIMKA MOXET M3MEHHUTHCS OT
HOCIIEIOBATEIHOTO K 0OBEMHOMY, YTO BBI30BET M3MECHEHHE CBOKCTB M3/ICIHSL.

Ha puc. 14.11 npezcraieHa cxema yCTaHOBKH TSl TOPH30HTATILHOTO JIMTHS. PactiiaB B kprictaymsaTop 2
MOCTYITaeT W3 pa3maToyHol meur 1. 3arBepjeBaroias 4acTh OTIMBKA 3 BBITATHBACTCS (OOBIYHO B
NPEPBIBUCTOM pekuMe) U3 (HOpMBI 2 ¢ MOMOIIBI0 POMKOB 4. TIpu 3TOM OTJIMBKY MEpPHUOIMYECKA
Pa3IEIISIIOT Ha YacTH OTPEIEIICHHOTO pa3Mepa muiiol (nm pe3akoM) 5. B mporiecce HEMpepbIBHOTO JINThsI
Yyr'yHa CKOPOCTb BBITSDKKH (Ipr ee mpoospkuTesHocTtr 1—10 ¢) kosebneres B npenerax 3,3—33 mmi/c.
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B naHHOM citydae mpoJIoIDKUTEIbHOCTh 0CTaHOBKH (2—20 €) B Cpe/IHEM 3HAYMTENBHO MPEBBIIIACT BPEMsI
BBITATHBaHMS. [l0MTyHETIpephIBHOE JIMTHE OCHOBAHO Ha MOMTYYEHUH OTIIMBKY 32 OJIWH IMKJI C TIEPEPHIBOM B
To/1a4e pacIuiaBa, HeOOXOAMMBIM TSI IOATOTOBKH MOCIIE/TYFOIIIETO IIAKIIA JIATHSL.

[NpenmymiectBamMu crioco0a HEMPEPBIBHOTO JIMTHS SIBIISIFOTCS: HEOTPAaHMYEHHOCTh JUTHHBI OTIIMBKH,
OJTHOPOJTHOCTh CBOWCTB OTJIMBKM IO JUIMHE, TIOBBIIICHHAS IUIOTHOCTh METAUIA, PeaTn3aIisl
HANPaBJICHHOTO 3aTBEp/ICBAHMS; OTCYTCTBHE JIATHUKOBOM CHCTEMBI; OOJIBIIION MPOIIEHT BBIXOJIa TOAHOTO
METAIUIA; TIOBBIIICHHbIE TOYHOCTh M YHCTOTA MOBEPXHOCTH OTJIMBKH; OTCYTCTBHE OIEPAIMH BHIOMBKU
¢dbopM, OOpyOKM W OUMCTKH OTJHMBOK, OTHOCHUTEIRHO HEBBICOKAS CTOMMOCTh JIUTEHHBIX (HopM,;
TIOBBIIIICHHAS TIPOM3BO/IUTEILHOCTb TPY/Ia.

K Henocratkam JaHHOTO CIOC00a JIMThSI MOSKHO OTHECTH: BO3MOMKHOCTH M3TOTOBJICHHMSI OTIIMBOK HE
OYEHb CJIOKHOM KOH(UTYpAIMH; OTPAaHMIEHHOCTh HOMEHKIIATYPhI U3ICIIHIA.

MetoioM HenpephIBHOIO (WM TMOJYHEIPEPhIBHOIO) JIMThSI M3MOTABIMBAIOT TPYObI C IIMPOKHM
JMana3oHoM pasmepoB (muamerpom 10 1000 M), BTYIKK [T THIB3 AU3E/IBHBIX JIBUTATENCH, 3arOTOBKU
JUTS TaeK, IIIeCTEPEH, TIPOKATHBIX BAJIKOB H JIP.

14.3.2. dnexrpouniakosoe urbe (L)

Cymmocte mporiecca  OIIUJI  3akmodaeTcss B MOCTENEHHOM — AJIEKTPOILIIAKOBOM  TTEPETUIABE
pacxoyemoro a1ektposa 1 (puc. 14.12) B BoooXIaK1aeMoii MeTauTiYecKoit (hopme 5 1 roceyroreit
KpUCTAIN3ALMHU PACIUIABIEHHOIO METAILIA B HEM.

0

3
N
3
3

N

e,

N

hrreTey
My

Puc. 14.12. Cxema noirydeHus! OTIIMBOK CIIOCOOOM AJIEKTPOIIIIAKOBOTO JIUTHS: 1 — pacxoayemblid
EKTPOJT; 2 — IIUTAKOBAsk BAaHHA, 3 — METAUINYCSCKas BaHHA, 4 — OoTHBKa; 5 — ymrelinas dopma; 6—
TIO/IIOH
[Ipy MPOXOXKIEHUH 3NEKTPUYECKOTO TOKA Yepe3 paciUlaB Hulaka 2 B HeM (BCIICACTBUE BBICOKOIO
WIEKTPUYECKOTO COMPOTHBIICHHUSI) BBIIEIACTCS OOJIBIIOS KOJIMUYECTBO TEILIOTHI, B PE3YIBTATE YEro ILIaK
Harpesaercss Ha 150—300 °C Bblie TeMIepaTyphl IUIABJICHMS METAUIMYECKOTO CIUIABa (Marepuaia
pacxoyemoro anekrpoza 1). Tlpu 3ToM MpOMCXOIUT OIUTaBIICHIE KOHI[A MIEKTPO/IA; KHUIKHI METalT B
BUJIC Karlelb IMPOHM3BIBACT IUIAK, OJHOBPEMEHHO OUMINACh B HEM, W CKAIUIMBACTCS IO IIUTAKOM,
o0pasysl Meraumdeckyro BaHHY 3. CJIOHM paciniaBa, pacIioIOOKCHHBIM BOMM3M  KPUCTALIH3ATOPA,
3aTBepeBacT ObIcTpee. Pacxos1 aNeKTpoia KOMIIGHCUPYETCSI €ro TIepeMellieHIeM BHI3 (B BEPTUKATBHOM

HAIPaBIICHUH).

OTJIMBKM YCIIOBHO TIOZPA3/ICIISIFOT Ha JIBE TPYIIIbL: OTIMBKH CIUIOMIHOTO cedenus (puc. 14.12) u
OTJIMBKM C BHYTPEHHUMH HECKBO3HBIMH mojiocTsiMu (puc. 14.13). Ecimi B 000MX CiTydasx BHEIIHSSA
TIOBEPXHOCTh OTJIMBKM COOTBETCTBYET KOH(UTYpAIMH JIMTEHHOW (POPMBI-KPHCTALT3ATOPa, TO BHYT-
PEHHIOIO TOJIOCTh B HEl BBITIONHSFOT € MOMOIIIBIO BOJIOOXIIAKIAEMOTO METALTHYECKOro cTrepokHs 3 (puc.
14.13).
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Puc. 14.13. Tomydenre OTIIMBKY KOPITyca 3allOpHON apMarypsl criocooom DI
| — pacxoyemsiit arekTpo; 2 — nuTeiiHast popma, 3— BOJOOXITKIASMBIN METAITNYESCKUMA
CTepIKEeHbB,; 4— NUTAKOBas BaHHA, 5 — MeTa/UIIecKast BaHHa, 6 — OTIIMBKA; /— 3aTpaBKa

ITpu The KOpITyCa 3anopHOi apMartypbl (prc. 14.13) B MeIHbINH KPUCTAUTH3ATOP 2 3/IMBAIOT TPE/l-
BapUTEIIBHO PACIUIABICHHBIN 1UIaK ((DTOPH KATBIWs), B KOTOPBIN MOIPY:KalOT 3IEKTpOoasl 1; K HUM U
3aTpaBKe 7, HAXOISIIICHCS B HIDKHEH YacTH KPUCTAUTM3ATOPA, TIOJIBOIAT EKTPUUESCKHUI TOK OKoJIo 20 A
¢ HanpspkeaneM 45—60 B Ha 1 Mm mramerpa anektpona. [anee mporiece MpoTeKaer o paHee U3jio-
YKEHHOM CXEME.

Bcernencraue 3aTekanust sKUIKOTO IITaKa B 3a30p MEXITy (POPMOIA 1 OTIIMBKOM CBOUTCS IO MUHIMYMa
B3aMMO/ICHCTBHE PACILIABIIEHHOIO MeTauia ¢ MarepuaioM (opmbl. [Ipy 3TOM MOBEPXHOCTH OTIIMBKU
TMOTY9YaeTCs YUCTOH, TIIAJIKOM M YacTO HE HY)KIAETCsl B TIOCIISYOIIEH MEXaHIMUECKOH 00paboTKe.

B cBsi3u ¢ mocrenoBaTelbHbIM OIUIABJICHHEM 3JIEKTpoza (WM 3JIEKTPOJIOB) M HAMpPABJICHHOM
KpUCTaUIM3aLMe HeOONMbIINX MOPLMI MeTalla OTJIMBKH MPHOOPETAIOT MOBBILICHHYI0 XUMUYECKYIO U
CTPYKTYPHYIO OJHOpPOAHOCTb. B OTJMBKax OTCYTCTBYeT JIMKBAllMs, BO3pAacTaeT MX IUIOTHOCTb M
YMEHBIIAETCS] KOJIMYECTBO BPEIHBIX IPUMECEH M METAUIMYECKMX BKIIOYEHHHM B HHUX. Bcee 310
o0ecrieyrBaeT OTIIMBKAaM BbICOKHE MEXaHUUECKHE CBOMCTBA.

KoncrpykruHO-TexHOomornueckue ocooerHoctn DI (coBMelieHne oreparii  pacIuiaBICHUS
MeTaljla B IUJIaBUJILHOM arperare ¢ 3ajIMBKOM €ro B (hopMy, IOCJIENIOBATEbHOE IUIABJIEHUE JIEKTPO/Ia,
padHHUpOBaHME METALIA IIJIAKOM, HAIpaBjieHHas KPUCTAJUIM3ALMS OTIMBKH, BBICOKAS OJJHOPOJHOCTH
CTPYKTYpPbI — OTCYTCTBHE YCAJIOUHBIX PAKOBHH U OCEBOM PHIXJIOCTH) TIO3BOJISFOT OCYILECTBIISATH MPOLIECC
JUThsi 0€3 HCIIOJB30BAHUS 3JIEMEHTOB JIMTHUKOBBIX CHCTEM (IMTATeNei, BBIOPOB M IPUOBLICH).
[loBbITIeHHBIC SKCIUTyaTAIllMOHHBIE CBOMCTBA OTIMBOK, MONMydeHHBIX MetozoM OIIUI, momyckaror
HJIWYME B HUX OCTPBIX YIVIOB U PE3KHX MEPEXOJIOB OT CEUEHHs K CeueHHI0. B pesynbrare npumeHeHus
JTAHHOM TEXHOJIOTUH TIOBBIIIACTCS KOA(M(DHUIIMEHT HCIONBb30BaHKMA Merayuia. Crocod MOXKET YCIEITHO
3aMEHUTH PsJi OMEpALMid, BBIIOIHAEMBIX KOBKOHM, INTAMIIOBKOM M CBapKOW, MPH HM3rOTOBICHUW PsIa
OTBETCTBEHHBIX JeTaliel. DNIEKTPOIILIAKOBBIM JIMTHEM HOYYatOT KaK MEJIKME OTJIIMBKU MacCOM B JIECSTKU
rpaMMoB (3yOHbIe TpOTE3bl), Tak ¥ KpymHble — Maccod 10 100 T u Oonee (BaKu Ui XOJIOHOM
MPOKAaTKH, COCY/Ibl CBEPXBBICOKOIO JIABJICHUS], KOJEHYAThle Bajbl M ILATYHbl CYHOBBIX JU3EIBHBIX
JIBUTATENICH, JICTAITH apMaTypbl — KOPITyCa KIIAllaHOB ¥ 33IBIKEK JICKTPOCTAHIIMIA U 11P.).
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KOHTpO.TIbeIe BOIIPOCHI

1. HazoBure cramu mporiecca noxydeHus: 000JI09KOBBIX (DOpM.
2. Tlepeunciite OCHOBHBIE TPYITIBI MOJIETBHBIX COCTABOB, HCTIONB3YEMbIX TIPH JIUTHE 10 BHILIABIISIEMBIM
MO/JIETISIM.

3. Tlo xakuM MpU3HAKaM KJIACCU(PUIMPYFOTCS KOKHIIA?

4. KakoBbI cOCTaBbI M METO/IbI (POPMUPOBAHUS TIOKPHITHIA HA KOKWJISIX ?

5. B gem cyniHoCTh (PU3HKO-XMMIYECKHUX TIPOIIECCOB, MPOTEKAFOIIMX TIPY JITH CIUIABOB TT0J] IABJICHHEM ?
Kak 310 oTpakaercst Ha CBOMCTBAaX OTJIMBOK?

6. KaxoBbI mprHIMIHATIBHBIE 0COOCHHOCTH TEXHOJIOTHYECKOTO TIPOLIECCa JITHSI IO/ HU3KHM JABJICHHEM ?

7. KakoBbI penMyIIiecTBa U HEIOCTATKH JINTHS] BAKYYMHBIM BCACHIBAHUEM ?

8. Kak wmaccurmpyrorcst mporiecchl ()OpMHUPOBAHUS OTIIMBOK TP JIMThE C KPUCTALIA3AIUCH IO
TTABJICHUEM ?

9. HazoBuTe OCHOBHBIE BapHaHThI KOHCTPYKIIMI IIEHTPOOSKHBIX MAIIIHH.
10. B geM cyniHoCTb Crioco0a JIMThsT BBhKUMaHHUEM ? J[J1s1 JINThsT KaKiX M3/CITNi OH TIPEIHA3HAYCH ?
11.Yem oTn9aroTCs pa3HOBUHOCTH CTIOCOOOB HEMPEPHIBHOTO U TIOITYHEIPEPBIBHOTO JIUTHS ?

12. KakoBbI KOHCTPYKTUBHO-TEXHOJIOTMUECKHE OCOOCHHOCTH AEKTPOIILIAKOBOTO JIUTHS?

14



