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PA3JIEJI 1 - MUKPOCTPYKTYPA U CBOMCTBA UYTYHA.
KIACCUHOPUKALIUA YYT'YHOB

MOAYJIb 1
Tema 1.1 ®opMmupoBaHue CTPYKTYPbI YyI'yHA

Jlekuusi 1 IIpou3BoacTBO OTIIMBOK U3 4YyryHa. ®@opMHUpOBaHHe CTPYKTYpPbI
YyyryHa B Ipouecce NEPBHYHONH KPHUCTAIM3ALUUM B JIUTCHHOH
dpopme. ®opmoodpazoBanme rpadpura B UyryHe.

Jlumepamypa: [1], c. 7-53; [2], 125-134; [3], 144, 153-176; [4], 7-17, 25-39, 233-

240, 255-256; [5], 3-7, 25-30, 173-175; [6], 12-24, 38-49.

1. Knaccudukarus 9yryHos.
2. Ocob6ennocTu GOpMUPOBAHUS CTPYKTYPhI YYT'YHHBIX OTJIUBOK
3. Huarpamma cocrosiuusi Fe—C

MeTozmqecm/le YKazaHus

CBolicTBa 4YyryHa OMNpENENSIOTCS TJaBHBIM 00pa3oM €ro CTPYKTYpOH,
dbopMHpoBaHHE  KOTOPOM  SIBISIETCA  PE3YJbTaTOM  KpUCTANIM3ALUU |
NEPEKPUCTAIIIN3ALNH. OneMeHTapHOe  MNPEACTABICHHME O  IPOLEeccax,
MPOTEKAIOIINX NP KPUCTAIUIU3AIUH KUJKOTO YyTryHa JaeT JuarpaMma COCTOSIHUS
Fe—C. uarpammy Fe—C wu300paxaroT JIBOWHBIMH JIMHUSIMH, OTpa)aroUuMu
OIHOBPEMEHHO JBa KpaWHHUX cJly4ass: HCTUHHO pPABHOBECHOE COCTOSIHHE C
KpUCTaNIM3aluedl yriepoAa TOJIbKO B CBOOOJHOM COCTOSHMM B BuUie rpadura
(criolIHBIE JMHUM) U YCIOBHO PABHOBECHOE COCTOSHHE C KpUCTaJIM3aluei
yriepoja NOJHOCTHIO B BUJIE IEMEHTUTA (IITPUXOBBIC JTUHUM ).

JpyruM  BaXKHBIM  MPOLIECCOM  SIBIISIETCS  MPOLECC  IpapuUTU3ALNH,
OIIPENEIAIONINI HE TOJBKO KOJMYECTBO, (GOpMy M pacnpeieieHue rpadura B
YyryHE, HO W CTPOEHUE €ro METaJUIMYECKOW OCHOBBI WM Marpuibl. Popma
rpaUTOBBIX BKIIIOUEHHUH SBISETCS BaXKHEHIIEH XapaKTEepUCTUKON ¢ TOUKH 3pEHUS
BIIMSHUS HAa MEXAHUYECKHE M TEXHOJIOTMYECKHE CBOMCTBAa 4yryHa. OCHOBHBbIE
¢dbopmbl rpaduTa: nuacTUuHYaTasi, XJOMbEBUIHAS, IIAPOBUIHAS U BEPMUKYIISIPHASL.

B 3aBucuMocTH OT cocTaBa M XapakTepa KpHUCTAUIM3alUMHU 4YyryHa
NepBUYHBIMU (Da3aMU €ro MOryT ObITb aycmeHum B Cllydae JOIBTEKTHYECKOTO
COCTaBa U yemeHmum Wi epagum (IUTACTUHYATHIN WIKM IIAPOBUIHBIN) - B CiIyyae
3a3BTEKTUYECKOTO.

Kunaccudpuxanusi 4yryHon

UyryH - camMblil paCIpOCTPaHEHHBIA JIUTEUHBIN MaTEpUaN: IpuMepHO 75%
OTJIMBOK MOJIy4aroT U3 yyryHa. @PopMUpOBaHUE CTPYKTYPHl YyIr'yHa, €r0 MapKu
U (PU3MKO-MEXaHUYEeCKHEe CBOMCTBA, OCOOCHHOCTH IJIAaBKU U JIUThs Bbl y3HaeTe,
n3yuuB kypc "[TPOU3BOACTBO OTJIMBOK U3 UYI'VHA".
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UyryHbl MOKHO KJIACCU(UIUPOBATH MO pa3IMYHBIM Npu3Hakam [1]. Baxxuenmumu
U3 HUX SIBJISIOTCS CIIEAYIOIINE:

[. B 3aBucuMocTH OT pacnoyioKeHuss Ha jauarpamme cocrosHus Fe-C mo
OTHOILEHUIO K 3BTEKTUYECKON TOYKE:
1 JJOSBTEKTUYECKHE.
2 OBTEKTHYECKUE.
3 349BTEKTHYECKHE.

II. B 3aBucumocTH OT cCOCTOSAHMS U (POPMBI Yriiepojia, 0OyCIOBIMBAIOIIETO BU/T
u3JIoMa:

1. CEPAIE, B KOTOpBIX yriepoj HaXOJIUTCs, TJIaBHBIM 00pa3oM, B CBOOOJHOM
COCTOSIHMM, Yallle BCEro B BHUJAE IUIACTMHYATOrO TpaduTa, 4TO MpUIAET
YYI'YHY CEPBIA U3JIOM.

2. BEJIBIE, B KOTOPBIX YIJIEPOJ HAXOAUTCS B CBSI3AHHOM COCTOSIHUM B BUIE
KapOUJ0B, YTO 00YCIOBIMBAET OEJIbII U3I0M.

3. IIOJIOBUHYATHIE, B KOTOpBIX YIJIEpoA HaXOIUTCS Kak B CBOOOJHOM
(rpaduT), TAK ¥ B CBSI3aHHOM COCTOSIHUM B BHJI€ KapOWUJIOB (LIEMEHTHT).
Cesi3aHHOTO yriepona B HUX conepxutcsa oosee 0,9%. UyryHn B usnome -
CBETJIO-CEPBIN € OEIBIMU BKIIOUEHUSIMHU.

4. OTBEJIEHHAKIE, dacth cedyeHus B OTIMBKaX KOTOPBIX COCTOUT U3 OEoro
gyryHa (4ale BHEIIHssI), a Jpyras - u3 ceporo (BHYTPEHHss): MHOTJA
ObIBacT HA0OOPOT.

5. KOBKHUE, nony4yaemble B pe3yibTaTe OTXKHUra Oenbix 4yryHoB. KoBkue
YYT'yHbI, B CBOIO OYEPEAD, OAPA3AEISIIOTCS Ha CIEAYIOIINE:

a) OernocepaeyHble, MOMy4YaeMble 32 CUET OKUCICHUS W YAAJIeHUs YT-
nepoaa (006e3yriepokuBaHue OTIUBOK). Takue 4yryHbl. Ha3bIBaeMble
€BPONENCKUMU, IPUMEHSIOTCS BCE PEXKE :

0) depHocepIeUHbIe, MOJIydyaeMble 3a CUeT pacmajga KapOuaoB c 00-
pa3oBaHMEM BKIIIOUEHHMI CBOOOJHOrO yriepoja - yriepoaa OTKHra
(amepUKaHCKUE YYTYHBI).

6. BBICOKOIIPOYHLBIE, B KOTOpBIX 3a CUET NPUCATOK MAarHus WU JAPYTUX
CHeIUaIbHBIX MOJIU(PHUKATOPOB TpadUT NMPUHUMAET MIAPOBUAHYIO (HOPMY.

7. C BEPMUKYVJIIPHBIM I'PAD®HUTOM, B KOTOpBIX 3a CYET MPHUCATOK
MOIU(DUKATOPOB TpauT NpUHUMAET YepBeoOpazHyo hopmy.

III. B 3aBUCUMOCTH OT CTPYKTYphl METANIMYECKOH OCHOBBI (MaTpHIIbI),
00yCIJIOBJIEHHOM pa3InyHON CTENEeHbIO IpaUTH3ALUU:

1. IIEPJINTO-JTEMEHTUTHABIE (11 + 1] 1.

2. IIEPJINTHBIE (11).

3. ®EPPUTHO-IIEPJIUTHBIE (@ + II).

4. OEPPUTHABIE (D).

IV. B 3aBucumMoCTH OT XUMHYECKOI'0 COCTaBA:
1. TPOCTBIE (mmpumecu conepxatcsi B OOBIYHBIX Mpeaenax):




C = 3,0...4,0%; Si = 0,5...3,0%; Mn = 0,3...1,5%; S = 0,02...0,15%; P =
0,07...0,5%
2. JIETUPOBAHHBIE (xpoMm, HUKEIb, ME/Ib, TUTAH U JP.)
a) HU3KOJETMPOBAHHBIC - C CYMMAapHBIM COJACPKAHUEM JIETUPYIOIIUX
n06aBok (#e cumras Siu Mn) 10 2,5 % ;
0) cpeanenerupoBanHbie - oT 2.5 10 10% ; B) BBICOKOJIETUPOBAHHBIC -
cBbiie 10%.
V. B 3aBUCHMOCTH OT 3KCILTyaTallUOHHBIX CBOMCTB:
1. KOHCTPYKI[UOHHPBIE.
2. CO CIIELJUAJIbHBIMHY CBOHCTBAMMU:
a) Xy0’)KE€CTBEHHBIE;
0) aHTU(DPUKIIMOHHBIE M U3HOCOCTOMKHE; B)POCTO- U HKAPOCTONKHUE;
') KOPPO3UOHHO-CTONKHE;
1) CO CTEIUaIbHBIMU AJIEKTPOMArHUTHBIMUA CBOMCTBAMU U JIP.

Oco0enHocT (OPMHUPOBAHNUS CTPYKTYPBI YyT'YHHBIX OTJIMBOK

Cramu u YyIr'yYHBI ABJIAIOTCA CJIOXHBIMHU II0 COCTABY (MHOFOKOMHO-
HCHTHBIMI/I) CIulaBaMHd, HO B OCHOBHOM COCTOAT H3 JIOBYX IJIaBHEHUIIIN X
KOMITOHCHTOB: KCJIC3a U yIJICpoaa. HOG)TOMy X C U3BCCTHBIM l'IpI/I6JII/I)KCHI/IeM
MOXHO paCcCMAaTpUBATh KaK HBOﬁHBIC JKCJIC30-YIITICPOAUCTBIC CIIJIaBbI [2]

Juarpamma cocrosinusa Fe—C

CBoiicTBa 4YyryHa OMNpEIENSIOTCS TJIaBHBIM 00pa3oM €ro CTPYKTYpPOH,
dbopmMupoBaHHWE KOTOPOM  SIBISIETCS  pE3yJAbTaTOM  KPHUCTAUIM3ALMU U
MEepPEeKPUCTAIIN3AIMU.  DJEMEHTapHOE  TPEACTaBIEHUE O  CTPYKTYPHBIX
COCTABJISIONMINX, OOPA3YIONIUXCS MPU KPUCTAIUIU3AIMN CIIJIABOB B PAaBHOBECHBIX
YCIOBUSX, JAlOT JuarpaMMbl cocTossHMs. OHH  MPENCTaBISIIOT  cOOOM
TEPMOJUHAMHUYUECKUE XaPaKTEPUCTUKH, OMPEICISIONINE COCTAaB U KOJIUYECTBO
CTPYKTYPHBIX COCTaBJISIFOIIUX B 3aBUCHUMOCTH OT TEMIEpaTypbl B YCIOBHUAX
paBHOBECHSI.

Ha puc.1 u 2 nokazaHbsl auarpaMmbl cocTostHUSI ABOMHBIX Fe-C criaBos.
[ToHas nuarpamma coctosinus (puc.1) O6bi1a omy6aukoBaHa B 1964 1[1]
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Puc. 1. [lonnas auarpamma coctosinus cmiaBos Fe—C

Huarpammy Fe—C u300pakaroT NBOWHBIMH JTMHHSIMH, OTPaKAOIIMMH
OJIHOBPEMEHHO JBa KpalHUX Cclly4as: MCTMHHO PaBHOBECHOE (CTaOMIIBLHOE)
COCTOSIHHE C KPHCTAJUTH3AIel yriiepoja TOJNBKO B CBOOOJTHOM COCTOSHUU B
Buje rpadgurta (I')) m ycioBHO paBHOBecHOE (METacTaOMIIbHOE) COCTOSIHHUE C
KPUCTAJUTM3AIMEH yTiiepoJa TONTHOCTHIO B CBSI3aHHOM COCTOSIHUU B BHUJC
nemenTuTa (11).

[IpomexXyTOUHBIE COCTOSIHHMSI KaK HEPaBHOBECHBIE Jake B YCIOBHOM
CMBICJIE ITOTO CJIOBa HE MPEJICTABICHBI HAa IUarpaMMe COCTOSTHHS, HECMOTpS Ha
UX MIPAKTHIECKOE 3HAYCHHE.

B pesynbrare cTaOWIBHONW KPHUCTAUIM3AIMHA W TEPEKPUCTATUTH3AIIH
00pa3yrTcs cepble YYTYHBI, a TPU METAacTaOMIBHOW - OeIbie; CMeIlaHHBIHI
XapakTep KpUCTATU3ANN TPUBOIUT K TIOTYUYSHHUIO TIOJIOBHHYATHIX YYTYHOB.
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Puc. 2. JIBoitnas nuarpamma coctosinusi Fe—C crutaBos: 1 - crabuinibHoe, 2 -
METacTaOMIIBHOC

OO6bIyHO TpaduTHAs cucTeMa W300pakaeTcsl Ha AMarpaMMax MyHKTHPOM,
[EMEHTUTHas - cIomHbIMU JIuHusIMU. H.I'. T'upmoBuy BnosHe o00OCHOBaHHO
CUMTAET 3TO METOJUWYECKH OMIMOOYHBIM, TaK Kak rpadurHas cHUCTeMa Kak
HCTUHHO CTaOUJIbHAA SIBISIETCS HA JuarpaMmax ocHoBHOM. [ToaTomy Ha puc. 1 u
2 npuHATH 0003HaYeHUs] cTaOuiabHOU cucteMbl Fe-C crulomHbIMU JIMHUSIMU,
meractabminbHoll  Fe—Fe;C -nmynktupabsiMu [1], cTaOMIBHOMY COCTOSIHUIO
paBHOBecusa. UTo kacaeTcsi HaOII0aeMOT0 B CIUIaBaX rpadura, TO OH SBISETCA
MIPOJYKTOM paclnajia HEMEHTUTA, HACTYIIAKOLIEr0 MOCIIE BbIAEIEHUS MOCIEIHETO,
no3ToMy rpaduty HeT MecTa Ha [uarpamme[2].

Komnonentamu cucrembel Fe-C sBastoTCcs Xenme30 W yriaepona, a oc-
HOBHBIMH (pa3aMM — ayCTEHUT, (DEPPUT U LIEMEHTHT.

B nosBTekTHueckuX yyryHax (C cojaepkaHueM yriiepona X, COCTaB-
oM E<X<C wnu E'<X<C') ¢ noHmkeHHeM TeMmmepaTypbl U3 >KHIKOTO
paciuiaBa BbINaJaeT aycTeHUT (A), B TO BpeMsi Kak B 3a3BTEKTHYECKUX (C
conepxkannem yriaepona 6onee C uwimm C') - rpadur (I') nmu6o nementut (II).
Konen kpucraminzanuum 4YyryHOB BCEIZa XapaKTEPHU3YeTCs IBTEKTUYECKHUM
npeBpanieHreM. Clie1oBaTellbHO, YYIyH TMPEICTaBIISIET CIUIAB JKEJNe3a C
YIIAEPOAOM, XapaKTePU3YIOIIUNUCS HAIUYMEeM HBTEKTHMUYECKOTO MpeBpallleHUs -
cTaOMIBHOTO (TpaUTHOTO) MIIU METACTaOUIIBHOTO (LIEMEHTUTHOTO).

B peanbHBIX yyryHax MoOJ0KEeHHE BCEX KPUTHUECKUX TOUEK U3MEHSIETCS B
3aBUCUMOCTH  OT  COJEp)KaHMsS ~ APYTUX  DJIEMEHTOB  (JErHpYIOIIUX,
TEXHOJIOTUYECKHUX WIIH MPUMECEH ) U CKOPOCTH OXJIAXKICHUSI.

[lonoxenue vyryHa OTHOCUTENbHO 3BTekTHueckoi Touku C (C' om-
pefleNnseTcs BENMUMHON YIJIEPOJHOTO »SKBHBaleHTa (5 WM  CTETEHBIO
ABTEKTUYHOCTH S¢:

C3 = Cosu + 0,3[S1], (1)

NJIn
C3 = Copu + 0,3([Si] + [P]), )
Sc ot ___ (3)

= 426-03([Si|+[P])

rae Copy — COIEpXKaHHME yriepoja (CBA3aHHOrO M cBOOoxHOro), %; [Si], [P] —
coJiep KaHre COOTBETCTBEHHO KpeMHus U ocdopa, %.
TONBKO B 3aBUCHMOCTH OT BenMuMHBI C3; WM S; peaNbHbIE UyTYHEI
JENATCS Ha JTODBTEKTHUECKHE, YBTEKTUICCKUE U 3a3BTEKTHUECKHE [3].
YThnepoaHpli JKBHUBAJEHT B pPEANbHBIX YYT'yHax Il TEMIEpaTyphl
JMKBUIYC COCTABIISICT



A =[c1+ 1/, [si1+ 1/, [P). (4)

To xe IJIA dKUAKOTCKYUYCCTH

ci = [c1+ 1/51si1+ 1/, [P]. (5)

CrnenoBaTesbHO, BEIMYMHA YIIIEPOJHOTO YKBUBAJICHTA Cg U3MEHSIETCS OT
XUMHYECKOI0 COCTaBa YyryHa II0-pasHOMY-B 3aBUCUMOCTH OT OIIPEIEIIsIEMOU
XapaKTEePUCTUKHU.

B oOmemM ciyyae cTpyKTypa YyryHa COCTOMT M3 NEpBUYHON (a3bl
(aycTenuta s JAODBTEKTHMYECKMX; TIpadura WIM  LEMEHTHTAa i
3a9BTEKTUYECKUX) U OBTEKTHKH, KOTOpas B Clydyae LEMEHTUTHON CHUCTEMBI
Ha3bIBaeTcs Je1e0ypUTOM.

OBTekTdeckoe mnpespaienue npoucxoaut Ha jguHud EF (E' F') mo
cXeMaM:

KA+ 10 15810 KA+ T
L ——
ABTEKTHKA = JIEACOYpPUT IBTEKTHKA

KonudecTBo BbIIENMBIIMXCS MPU 3aTBEpJieBaHUM (a3 U COOTHOUICHUS
MEXIy HUMHU B YCJIOBHUSIX paBHOBeCHUs (CTAOMJIBHOIO WJIM METAacTaOWIBLHOIO)
ONpEeNeNsAeTCs] M3 JuarpaMMbl COCTOSIHMS 10 TpaBuily oTpe3koB. Cama
SBTEKTHKA® COCTOUT H3'

a) ayCTeHHUTA U IIEMEHTHUTA (MeTacTaOuiIbHas ),

0) aycrenuta u rpadura (crabuibHasi). COOTHOUIEHUE MEXIY
KOMIIOHEHTaMU HSBTEKTUKH B YCIIOBHUSX PAaBHOBECHS TAKKE OMNPEAEIAECTCS IO
MpaBUily OTpe3koB. lIpu oxnakaeHWn B TBEPAOM COCTOSHMM W3 ayCTEHHUTA
BCIICICTBUE  NOHWKEHUS  PACTBOPUMOCTH  IPOJOJKAET  BBIAECHATHCA
M30BITOYHBIN yraepoa B Buae rpadura mo iunuu ES wunm  nemeHTuTa 1o
maann E'S'. Tlpu noctikennu temmepatyps! Ha muamsx PSK wmu P'S'K' stot
MPOLIECC COMPOBOXKAACTCS IBTEKTOMJIHBIM IMpEBpallleHueM ¢ 00pa3oBaHHEM
ctabuinbHOTO (@ + I') mnm meracradunsHoro (O + I = [lepaut) 3BTEKTOMIA.

[Ipu nanpHeHIIEM OXJaXACHUU B MOJKPUTHYECKON 00siacTH u3 (peppura
BBIJICJISIIOTCSI BeChMa HEOOJIBIINE KOJWYecTBa yriaepona no jgunusiMm PQ u P'Q'.
CrnenoBarenbHO, CTPYKTypHas  JHarpaMMa  JKEJIEe30yINIEPOAUCTBIX CIUIABOB
BBITVISIIUT CJIEAYIOMKUM oOpaszom (puc. 3):
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Puc.3. Crpykrypnas nuarpamma coctosinusg Fe—C u Fe—Fe;C cniaBos

Kak crnegyer w3 cCTpykTypHOW pauarpamMmbl (puc. 3), OCHOBHBIMU
CTPYKTYPHBIMU COCTABJISIOIIMMHU CUCTEMBI JKEJI€30-yIIEPO] SABISIOTCA (eppUt
(®), aycrenur (A), uementut (L), rpadur (I'), nepnur (IT) u nenedyput (JI).

OEPPUT - TBepaplii pacTBOp BHEAPEHHUs yriaepoaa B 0O - JKejese.
Kpucrannuueckas pemietka - o0beMHO-IIeHTHpoBaHHas kKyoudeckas (OLIK).
IInotHocTs M 20°C coctaBisieT 7,87 r/cw’. YIaepo HAXOZHTCS B PACTBOPE B
BUJIE€ aTOMOB (MOHOB) U CBSI3aH METAJUIMYECKON CBA3bIO C aTOMaMM KeJje3a.
@epput  sBIsAeTca  Haubojee  MATKOM  MJIACTUYHOW  COCTaBISIOIICH.
MexaHndeckue CBOWCTBA €ro 3aBUCIT OT YUCTOTHI CILJIaBa U BEJIMYMHBI 3€pHA U
COCTaBJISAIOT:

og=300...350 MIIa; 6 = 30...50 % : HB = 80...90;

os=100...120 MITa;KCU = 2,5...3,0 M x/m".

bricTpo oxnaxkIeHHbII M3 001acTh BBICOKMX TemiiepaTtyp @ moxker
yliepKaTh 3HAUNTEIbHOE KOJIMYECTBO YIiiepoja (MakcuMalibHasi paCTBOPUMOCTD
koroporo cocraBimsier 0,02% mnpu 738 C). IlomydeHHBINH IE€PECHIIIEHHBIN
pPacTBOp CKJIOHEH K CTapeHUIO - BbIAEJIEHHIO M30bITOUHOM (ha3wl (yriieposaa), B
pe3ysbTaTe Yero TMOBBIAETCA MPOYHOCTh. Bpicokas macTU4HOCTh @
oOycJiOBJieHa TE€M. YTO IUlacTUdeckue aedopmanuu (CABUTH) MPOUCXOIAT IO
KpUCTa/IorpaUueckuM  IJIOCKOCTSAM, Haumbojee IUIOTHO  HACBIIIEHHBIX
atomamu. Pemerka ¢depputa wumeer 6 pazIMUYHBIX (HEMapaJUIeNIbHbIX)
IUIOCKOCTEH  CABUTA, OOYCIOBIMBAIOIIUX  BBICOKYIO  Je(hOpMaMOHHYIO
CIIOCOOHOCTb.

AYCTEHHUT - Takxe MOHU3UPOBAHHBINA TBEPAbI PACTBOP BHEIPEHHUS
yraepona B y-xkenese ( ¢ I'IIK pemerkoit). IlmotHocTs A Kosebiercs B
npenenax 7,874...7,830 r/cM' B 3aBHCHMOCTH OT COJEp)KaHHs yriepomaa. B
ayCTEHHUTE JOCTATOYHO BeiuKka ckopocTh auddysuu yraepona. Koapduument
madoysun mpu  1000°C  pasen (1700..2300) 10~ cwm/CyTkH. AyCTCHHT
JOCTaTOYHO IJIACTUYEH BCIEACTBUE HAJUYMUS HECKOJBKHUX IJIOCKOCTEH CBUTa,
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xapaktepHbix st OLIK m T'IK pemerok. Ilpegen mpoyHOCTHM aycTEeHHUTA
coctasiisieT 400 MITa; TBepaocts HB = 200.

HEMEHTHUT npencrasnser coboii MeracTaOuiabHy0 a3y ¢ y3KUMU
npenesaMd TOMOTE€HHOCTH Mo yriaepoay. HesHauuTenbHO KoJeOmtomunics
XUMHYECKUN COCTaB ILeMeHTUTa onuckiBaercs (opmynoit Fe;C, koropas
OTpakaeT €ro JIMIIb NMPUOIMKEHHO U HE YAOBIETBOPSIET MPaBUily BaJe€HTHOCTH.
[Io Mepe ycCOBEpILIEHCTBOBAHHMS METOAMKUA MCCIEIOBAaHUS COCTaBa OBLIO
YCTaHOBJIEHO, YTO COJAEpPKaHHUE yriepojia B IIeMEHTUTe OJn3Ko K 6,67%, HO He
ABJIETCSI CTPOTO TTOCTOSIHHBIM.

Hcxons u3 HEOObIYHOro cTexuoMerpuieckoro cootnomenusi Fe u C B
HEeMEHTUTe U KoseOmromerocs cocraBa, A.A. baiikoB mnpennoxun, uto 1]
ABIIAETCS HE XMMUYECKUM COEIUHEHUEM, a TBEPAbIM PACTBOPOM IEPEMEHHOIO
cocraBa. B peasbHbIX uyyryHax ueMeHTUT mnogoono @ u A sBusercs
OJTHOBPEMEHHO  TBEPAbIM  pacTBOPOM  3aMEIlEHUS U  BHEJPEHUs ¢
METaUNIMYECKUMHU CBSI3SIMHU.

[lo cBoiicTBaM 1LIEMEHTHUT, HUMEIOIIUNA OPTOPOMOUYECKYIO PpEIIETKY,
ABIIAETCS TBEPAbIM U XpynkuM BemiecTtBoM (TBepaocte HRC = 70...75 unu HB =
800: GB= 3500 MIla, yanuHeHWE NPaKTUYECKH OTCYTCTBYET). ILmoTHOCTH
IIEMEHTHUTA cocTaBjseT 7,69 /e

[PA®UT-oqna u3 Tpex moaudukanui yriepoja, HEOpraHU4YeCKui
LHEMHOM moauMep C IUIOCKMMHU MoJiekyidamu. Kpucramidueckas pelerka
rpajura - rekcaroHanbHas HekomnaktHas (I'HK) c¢ mocnoiineiM  pac-
MOJIO)KEHHMEM aTOMOB. B closXx MexIy aToMamMu JACHCTBYIOT CHJIbHBIE
KOBQJICHTHBIC (WJIM TOMEOIOJISIPHBIE) CBsA3W ¢ dSHeprued mopsiaka 420...500
kJI>k/MOIb.

Cs3p atromMa €O CBOMMHU 3-MSl COCEASIMH IO CJOK OCYIIECTBIISIETCS
MOCPEJICTBOM TPEX AJIEKTPOHOB, B TO BPEMS KaK YETBEPTHIN JEKTPOH SBIISETCS
o0LIUM JIJISl BCETO CJ0s. DTUM OOYCJIOBIIEH METAINTMYECKUI XapakTep CBS3U U
AJEKTPONPOBOHOCTH rpaduTa.

Mexny crnosmu rpadura ACHCTBYIOT ciaOble BaH-IEp-BaallbCOBbBI
(MOJIeKyJISIpHBIE) CWJIBI, PHEPTUs CBSI3U KOTOPBIX cocTamisieT Bcero 4,2...12,6
k/[/Monb. B COOTBETCTBUU € 3TUM TBEPAOCTh W MPOUYHOCTH rpaduTa BIOJIb
[JIaBHOW TeKCaroHajdbHOM OCHM MHOro OoJiblie, YeM B MEPHEHIUKYISIPHOM
HanpaBienuu.  I[lostomy I'  oOmamaer  cMa304yHBIMH  CBOWCTBaMH,
00yCJIOBIEHHBIMU CJ1a00#i CBsA3bI0 Mexay ciosMmu. [lpu pactBopenun [' B
KUJIKOM KeJle3e MIACTUHKU [ JIerko paculierisioTcsl Ha CJIOM, OJTHAKO MOJHOE
paspymenue ['HK pemerku npoucxoaut npu temmneparype okoiio 4000°C (cm.
puc.l). IInotHocts I' cocraBnsier 2,22 r/cMm , mpeAes MPOYHOCTH Ha CHKAaTHE
okoiio 2000 MITa.

ITEPJIUT - sBrekTounnas cmech u3 88,5% ¢eppura coctaBa Touku P' (C
=0,02%, puc. 2) u 11,5% uementuta cocraBa Touku K (C=6,67%),
oOpasyroriasics B pe3yJibTaTe pacrnaja ayctreHuta npu remmnepatype 727°C. Tlon
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KoiudecTBOoM I B cTpyKkType 4yryHa MOHUMAIOT CPEAHHUM MPOLIEHT IUIOLIAIH,
3anumaemoit I1 Ha Mukponuinde B OCHOBHON METaNIMYECKON MaTpHIIE.

B ceppix uyrynax mepoi konuuectBa Il MOXET CIy’)XUTh KOJIUYECTBO
CBSI3aHHOTO YTJIEPO/a, YBEIMUYEHHE KOTOPOTo (cleoBaTellbHO, U Konnuectsa 11
MPUBOJUT K YIIPOUHEHHUIO YyTyHA.

Ces,% 0 0,20 0,28 0,48 0,52 0,78

o, MIla | 86 115 147 176 240 290

Tsepnocte II coctaBnsier HB=200...250, oTHOCUTENbHOE YUIMHEHHE 0=
6...8%, IIOTHOCTH (pacdeTHas) IpUMEpHO 7,85 T/cM.

JIEBEBYPUT - 3BTekTnueckas cmech U3 52,3% aycTeHUuTa cOCTaBa TOYKH
E' (C=2,14%) u 47,7% uementuta cocraa Touku F'(C=6,67%), oOpasyrormiasics
B pe3yJbTaTe YBTEKTHUECKOTO MpeBparienus npu temmeparype 1147°C Ipuc. 2).
Oprexktnueckas touka C', coorBercTByromas 4,30% yriaepoma s YUCTHIX
CIUIABOB KEJI€30-IIEMEHTUTHOW CHUCTEMBI, IMOJ BJIUSHUEM TNpUMEcEed WM
JETUPYIONIMX 3JIEMEHTOB MOXET CABUTaThCS TOJIBKO BJIEBO IO IIKajie
KOHIIEHTpAIMU YyTiepoja, a TakkKe BBEPX WM BHU3 MO IIKaJe TEeMIEpaTyphl.
[loaTOMy 1l TEXHHMYECKMX MApOK YYT'yHOB SBTEKTHUYECKYIO TEMIIEpaTypy
OTIPEIEIISIIOT IKCIIEPUMEHTATBHO.

JI. mpenacrasnsromuii coboit muactuHky L. mpoHu3aHHyIO crosmu A,
ABJIIETCS] BEChbMa TBEPION U XPYIKOM COCTABIISIIONICH B UyT'yHE.

OpHako, MONB3YSACHh CTPYKTYpHOH JaMarpaMMod M JAMarpamMMoil co-
CTOSIHMSI, CJIEIyeT YYUThIBaTh, YTO peEalbHbIE YCIOBUS 3aTBEpACBaHUS
OTJIMYAIOTCS OT paBHOBECHbIX. [l0o3TOMY AuarpaMMbl COCTOSTHUSI MOTYT J1aTh
MpeACTaBlIeHHEe O CcocTaBe M KoiudectBe (00beMe)  CTPYKTYPHBIX
cocrapisiomux. Cyxnaenne o ¢opme obOpasyromuxca (a3 U MexaHu3Me
MPOLIECCOB KPUCTAILTU3AIMN Ha OCHOBE AMArpaMM COCTOSIHUS CIEIaHO ObITh HE
MOJXKET.

Jleknus 2 I'padurnzanus u kapounoodpazosanue B uyryne. Chepongusanus

B uyryne. @®opmMupoBaH#ie CTPYKTYPbI YyI'yHa.

Jumepamypa: [11, c. 7-53; [2], 125-134; [3], 144, 153-176; [4], 7-17, 25-39, 233-

240, 255-256; [5], 3-7, 25-30, 173-175; [6], 12-24, 38-49.

Kpucrannuzamus rpadura

dopmoobpazoBaHue rpadura

Kpucrannuzamus u 3aTBep/ieBaHie EPBUYHBIX (a3 U IBTEKTHUKU
[Iporiecchl nepekpucTamIn3aiuy (BTOpUYHAS KPUCTAITA3AIS )

el

Kpucraannuzanus rpadpura

CBoiicTBa 4yryHa OIIPENEISIOTCS IJIaBHBIM 0O0pa3oM €ro CTPYKTypoOil.
dopMUpOBaHUE CTPYKTYpHI UyTryHa SABISIETCS PE3YJIbTATOM KPUCTAUIM3ALUU U
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nepekpuctaiuianui. Haunbosee BaKHBIM NPOLECCOM MPU ITOM  SABISETCS
rpaduTHzanus, ONpeAeNdrolmas He  TOJbKO  KOJIMYECTBO, (GopMy H
pacnpeneneHue rpadura B YyryHe, HO U CTPOCHHE €ro METaJNINYeCKON OCHOBBI
Wiy MaTpuisl [1].

IPAOGUTUBALIMEN HasbiBaetcs mpollecc KpucTaum3anuu rpadura,
MPOUCXONAIIMNA KaK HEMOCPEICTBEHHO MPU 3aTBEPACBAHUU M OXJIAXKICHHUU
yyryHa B (opme, Tak U IpHU MOCIEAYIOIIEM OTKUTE B TBEPJOM COCTOSIHUH.
['paduruzanus npu 3aTBepeBaHUM XapaKkTepHa JJis OTIIMBOK U3 CEpOro 4yryHa,
rpaduTH3anus Opy OTXKUTE - B OCHOBHOM [IJIsi KOBKOT'O W JIMIIb OTYACTU IS
ceporo (B ciiydae TepMudeckoir o0pabotku) [4]. I'padutuzamus noguuHseTcs
o0LIMM 3aKOHAM KPUCTALTU3ALMK U GOPMUPYET CTPYKTYpPY UyryHa B Ipolecce
€€ TIEPBUYHON ¥ BTOPUYHOMN KPUCTAIIIU3ALINH .

[MPOLOECC TPA®OUTU3ZALINN sBasercss 4YacTHBIM CIy4aeM KpH-
CTAJJTU3alMM, MHOTHE BOIPOCHI KOTOPOrO A0 CHX IOpP SIBJISIOTCS CIOPHBIMHU.
TBepao ycTaHoBleHa JHIIbL Oughghy3uonnas npupoda mporiecca. MHa4e HEIb3s
MPEICTaBUTh, KAKUM 00pa30M pa3pO3HEHHbIE aTOMBI YIJIepoa U3 pacTBOpa WIH
[EMEHTUTA COOUPAIOTCA U OOBEIUHSIOTCS B OT/AEJIbHbBIE TOJUKPUCTATUIMYECKHUE
BKJIIOUeHHsI Trpaduta. [7TaBHBIM TYHKTOM pacXOoXACHUS B CYIIECTBYIOIIUX
Teopusx TrpaduTH3alUU SBISETCS BOIPOC O BO3MOKHOCTH HEMOCPEACTBEHHOM
KpUCTaNIM3aluu rpadura u3 pactBopa (TBEpAOro WIH KUIKOTO) [4].

[Ipouecchl rpaguTH3alKU. COTJIACHO CYIIECTBYIOIIMM TEOPUSM, MOKHO
MPEJICTABUTH MO CIACAYIOIIUM CXEMaM.

CXEMA 1. I'padut BbIAENSETCS HEMOCPEIACTBEHHO M3 MEPECHIIIEHHOTO
pacTBopa (TBEPAOIO WM KUJIKOTO):

PACTBOP (C) — PACTBOP (C) + Crp. (10)

CXEMA 2. I'padut BblAensieTcs 3a CUET pacrnajia KapOusi0B, B YaCTHOCTH
LEMEHTHUTA, IPEABAPUTEIBHO BBIICIUBIINXCS U3 PACTBOPA:

PACTBOP (C) — PACTBOP (C) + Fe;C — Pactop (C) + Crp (11)
WK

PACTBOP (C’) + Fe;C — PactBop (C) + Fe;C + Crp

WITH

PACTBOP (C*) — PactBop (C) + Crp,
rme C u C - KOHICHTPALMH YIJEpOga B METACTAOMIBHOM M CTAOHIBHOM
pacTBOpax.
Kaxxnas u3 mpuBeeHHBIX CXE€M MPOLECCOB IpaUTH3alMU COCTOUT M3
psijia MPOMEKYTOUHBIX 3BEHBEB (JIEeMEHTapHbBIX IpoleccoB). B ciyuae cxemwr 1
TaKUMH MPOLECCAMU SIBIISIOTCS:
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1) muddy3ust yriepoaa B pacTBOpe BCIEACTBUE CO3JAIOIIErocs rpa-
JMEHTa XUMHUYECKOT0 TOTeHIIMala (B YaCTHOCTH, KOHIICHTPAIIUH );
2) KpUCTAJITU3AIUs yIiiepoa B BUe [ Ha UMEIONTUXCS 3apOIbIIiax.

B cnyuae cxemul 2 unyT creayromme mporecchl:

1) BeIIETIEHNE IIEMEHTUTA U3 PACTBOPA;

2) nuccouuarys eMeHTUTa;

3) pacTBOpeHue yrieposa;

4) nuddysus yriepoaa:

5) xpuctannuzanus yriaepoaa B Buze I

Cxema 2 (akTUYECKH MPUXOJIUT K cXeMme 1, Tak KaK BBIICISIONIUNCS U3
MeTacTabMIbHOTO pacTBopa Ll 3areM pacnagaercs u sIBISIETCS POMEHNCYMOUHOU
Gasoul.

Hekotopbie ydeHble mojaraiy, 4YTO CKOPOCTh TpaduTHU3aIUU OIpe-
NENAETCS CKOPOCThIO "y3x020 36ema”, T.e. TOro 3JIEMEHTApHOIO Ipolecca,
KOTOPBIN XapaKTepHU3yeTCsl HAUMEHbIIEeH CKOpPOCThi0. OAHAKO 3TO CIIpaBeIMBO
JWIIb B TOM CJlly4ae, KOrja CKOpOCTh "y3KOro 3BeHa" Hecouzmepumo maia 1o
CPaBHEHHUIO CO CKOPOCTSIMH CMEXKHBIX MpOLEccOoB. B ocTaimpHBIX K€ ciydasx
CKOPOCTh TpadUTHU3MNIMA B 1EJIOM OIPEAENsIeTCs CKOPOCTSAMH BCEX TeX
MOCJIEIOBATENBHBIX MPOLECCOB, CKOPOCTU KOTOPHIX COU3MEPUMBI.

[IpuBeneHHble cXeMbl TpaduUTHU3AIUU TOAACPKUBAIOTCS HE BCEMH
teopeTukamMu. OJHU ydYeHble TIPU3HAIOT BBIJICJICHUE TpaduTa MOILKO
HenocpedcmeeHHo W3 pacTBopa, a Jpyrue - TOJBKO nymem pacnaoa
npeosapumenbHo 8bloeUSUUXCS Kapouoos. TIpu ATOM HEKOTOphIE W3 HHUX
CUMTAIOT BpPEMs CYIICCTBOBAHHS MPEIBAPUTEIIHLHO BBIJCIUBIINXCA KapOUIOB
BeChMa HE3HAYMUTENIBHBIM, TaK YTO IO HX NPEACTaBICHUIO KapOHUIbI
pacrazarTcsi Jae B MOMEHT CBOEro BBIICJICHHS. TpeTbs rpymnmna ydeHbIX
MIPU3HAET BO3MOXKHOCTD BCEX MPUBEIACHHBIX CXeM IrpaduTH3aINH.

®opmoodpazoBanue rpapura

®opma [ sBsieTCSA BaXKHEUIIIEN XapaKTEPUCTUKON C TOUKH 3PEHUS BIMSHUS HA
MEXaHWYECKHE U TeXHOJIOTHYECKHe CBOMCTBa uyryHa. OcHoBHbIE (hOpMBI [
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Puc.4. OcHoBHble (hopMbI IpaduTa B CEPOM UyT'yHE

1. [InacTuH4aras (B cepom 4yryHe):
a) MEXIACHIPUTHAS;
0)HEOpHUEHTUPOBAHHAS.

2. T'He3noo6pa3Hasi, WK XJIOMbEBUIHAS (B KOBKOM YYyT'YHE).

3. IllapoBunnas (B BEBICOKOIIPOYHOM YYT'yHE WM B KOBKOM MPH BHICOKOM
COOTHOIIEHUH S:Mn).

4. BepmukyispHas (uepBeoOpazHasi).

Peanbupie Gopmbl ' 3HauutensHo pasHooOpasnee. Tak. maacmunxu T°
MOT'YT OBITh TNPSMBIMH W B PA3HOM CTENEHU HW3OTHYTHIMU; XA0NbEBUOHbLLL
yenepoo omacuea - pa3IiuHO Pa3BETBICHHBIM; UAPOBUOHBIL epagum - ¢ pa3HOI
OTpaHKOM M B pa3HOW CTENEHW KOMIAKTHBIA. ClenyeT Takxke pa3nudath [,
KPUCTAUIM3YIOIIMICS B 9BTEKTUYECKOM 3€pHE, a TakKe pachpeeieHue
BKJIFOUEHUH [ 10 [1yiMHe, TOJMIIWHE U T.1.

OTtcroia CTaHOBUTCSI OYEBUIHBIM, HACKOJBKO MHOTOOOpa3HbI SIBJICHUS
rpaduTHU3aIMd U ¢ KaKUMU TPYIHOCTSIMH CBSI3aHO CO3/IaHUE MPABUIBLHON H
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BceoOweMioniet teopun (popmoodpazoBanus I'. Co3ganue equHON Teopuu
YCITIOKHSIETCS €Ille TEM OOCTOSATEIHCTBOM, YTO TIOUYTH BCE YKa3aHHBIE (GOpMBI I
MOTYT OBITh TMOJIy4eHBI KaK B IPOLIECCE KPUCTAUIM3ALMU.TAK U B IpoIllecce
OTXWTa.

Bce mHorooGpasue rumnote3, oObsICHSOWUX (GopMooOpasoBanue I B
yyryne, H.I'. T'upmoBuy [1] pa3ouBaet Ha 3 rpynmnsi:

1 rpynma - QopmooOpa3zoBaHue CBs3aHO C MPUPOAOH, (GOpMOH Hu
CTPOCHUEM 3apOJIbILIEH;

2 rpymma - QopMooOpa3oBaHUe OIpeeNsieTcsl BO3JEUCTBUEM Me-
xaHn4ecknx MaKkTopoB;

3 rpymma - ¢opMooOpa3oBaHHE OMNPEIEISIETCS COOTHOIIEHHUEM CKO-
pocrten pocrta rpanen 1.

PaccmoTpum Gonee moapoOHO Kaxkayto TPYIIy.

I'PVIIITA TUIIOTE3 1. MHorue ucciaemoBaTead CYMTAIOT, YTO BKIIIO-
YeHHs, KpUcCTauIM3yrommecss B Kyoudeckod cucreme (MgS, Mg;N,, Mg,0,
MgO), crocoOCTBYIOT 00pa30BaHUIO wapogudoHo2o Tpadurta, B TO BpeMs Kak
BKJIFOUEHHSI T€KCaroHajJbHOro win apyroro crpoenus (Si0,, SiO, SiC) ciyxat
3apoAblllaMu ISl nmaacmunuyamozo  rpaduta, Xota o6e Qopmbr I
XapaKTEepU3yITCSI OAHUM WU TeM JK€ CTPOCHHEM KPUCTAITTMYECKOW PEIIeTKH.
BMecte ¢ Tem, MpOTHB HUX CBUACTENBCTBYET psan ¢akTtopoB. Hampumep,
mrapoBuaHbI [ oOpasyercss mpu mpucaake Mg TeMm Jierde, 4eM MeEHBIIE
coliepkaHue S B UyryHe, B TO BpeMsl KaK C TOYKH 3PCHHS 3apOIBIIICBOTO
nercTBus cynbPuaoB (B yacTHOCTH, MgS) momxkHO ObITh HaoOopoT. Kpome
TOTO, THUIIOTE3BI, MBITatomuecs yBs3aTh Gopmy [ ¢ mpupomol, ctpoeHueM u
dbopMoii 3apojwiicii, HE B COCTOSHUU OOBSICHUTH BIUSHUE TEMIIEPATYPHI,
CKOPOCTH OXJIKJICHUS M MHOTHX ApYyrux (akropoB Ha popmy I

I'PYIIIIA THUIIOTE3 2. Otu runote3sbl cBs3bIBaloT (opmy rpadura ¢
BO3CHCTBHEM (PU3NYECKUX CHJI, K KOTOPHIM B TIEPBYIO OYEpPEAb OTHOCSTCS
CHJIBI TIOBEPXHOCTHOTO HATSIKEHUS U COMPOTUBIICHUE CPEIBI.

CTOpOHHHKH THIIOTE3bI CHJI TIOBEPXHOCTHOTO HATSKEHUS OMMPAIOTCS Ha
TOT (akt, uto npu npucaake Mg, Ce u APyrux rio0yIu3uPYIOMUX FIEMEHTOB
MMOBEPXHOCTHOE HATSKEHUE IMOoBbIaeTcs B 1,5 pasza (1,0...1,6)-1072 H/cm), B TO
BpeMsl Kak MpHUCAIKH Aerio0ynu3upyronux snemeHtoB (Pb, Sb u ap.) winm
BBIICP)KKA W TEperpeB 4UyryHa TOCIEe TMPHCATKH MAarHds TOHWKAIOT
MOBEPXHOCTHOE  HATSDKEHHE JO0  YPOBHS, TMpPU  KOTOpPOM  oOpaszyercs
wractuH4atelii . KputnueckuM 3HadeHWEM MeEX(Pa3HOTO MOBEPXHOCTHOTO
HaTsokeHns (Mexay I, A m kuaxum pactBopom) siasiercs 1.2:10°° H/em. Taxoe
BIVMSIHUE TJIOOYNIHM3UPYIONIMX O3JIEMEHTOB Ha TIOBEPXHOCTHOE HATSIKCHUE
OOBSICHSIETCSI OOBIYHO YAAJIEHUEM TTOBEPXHOCTHO-aKTUBHBIX Ta30B U CEpHI (puC.
5). IloaToMy NOBEpPXHOCTHOE HATSIKEHUE CHAYalla nosvluiaemcs, a TOTOM
CHUXMCaemcs TIpU JajbHEWIlIeM YBETWYEHUM MNpucagku Mg, T.e. ero M30BITOK,
OCTAIOIIMICS TOCJI€ CBSI3bIBAHMS T'a30B U CEPbI, OKA3bIBAETCS MOBEPXHOCTHO-
aKTUBHBIM, TIOHWKAIOIIMM TOBEPXHOCTHOE HATsDKeHHE dyryHa. OmHako 3Ta
THIOTe3a HE MOXET OOBSICHHUTh TOT (DaKT, dYTO TPH BBOJAE JAPYTUX
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JEra3upyromux U 00ecCepuBalolIMX 3IEMEHTOB, HanmpuMmep Al, MOBBIIAIOMINX
MOBEPXHOCTHOE HATsHKEHHE YYT'yHa, BOBce HE oOpasyeTcsi mapoBHHas Gopma
IpaBUTA.
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Puc 5. Bnusaue Mg (a), cepbl u kuciopoga (6) Ha TOBEPXHOCTHOE
HATSOHKEHUE YYTyHA.

CnegoBaTenbHO, OJIHOTO  BBICOKOTO  TOBEPXHOCTHOTO  HATSKEHHS
OKa3bIBAETCS HeOooCmamouyHo s KpUCTAIIU3aluu Tpaduta B MIAPOBUIAHOU
dopme. K TomMy ke Teopusi MOBEPXHOCTHOTO HATSKEHUS HUTHOPUPYET TO
00CTOSITENBCTBO, YTO MAPOBUAHBIN [ OTIIMYaeTCs OT TUIACTUHYATOTO HE TOJBKO
1o ¢opMe, HO U MO TEKCTYpE.

HeoOocHoBaHHOI OKa3bpIBaeTCsi M TUIOTE3a, MO KoTopod ¢(opma I
onpejeNsieTcsl XapakTepoM M CONpOTHUBICHHEM cpeapl. OHAa HE MOXKET
OOBSCHUTh, HANPUMEp, MOUYEMY CIHelib KPUCTAUIU3YETCS B MAACMUHYAMOLU
dbopme B uIEaTbHOW H30TPOMHOW KHUAKOM cpeae OObIYHOrO 4YyryHa U B
waposuonou (hopMme - pu mpucagke Mg uinm Ipyrux 3JIeMEHTOB.

Bmecte ¢ TeM coOmpoTHBIEHHE Cpelbl B psJie CiIydaeB OKa3bIBaeT
Oonpiioe BiausHUE Ha ¢opmy [, orpaHuumMBasi CKOPOCTb pPOCTa OBICTPO
pactymux rpaHedt . 9To yMeHbIlIaeT pa3HUILy B CKOPOCTSAX POCTa OTAECIbHBIX
rpadeii u I' mpuoOperaer Oojee KOMMAKTHYIO OKpyriyioo Gopmy. DTUM H
OOBSACHSAETCS TO. YTO MPHU KPUCTAJUIM3ALMU B TBEPAOM COCTOSHUM (TIPU OTHKUTE
Oenoro uyryHa) oOpasyeTcsi He IUIACTUHYATHIM, a KOMITAKTHBINA XJIOTEBHUIHBIN
win wapoBuaHb . BenencTBre aHU30TPOMHOCTU CPEIbl M HAJUYMS TPAHMIL
3epeH, a TaKXKe HEMOJHOTO pPaBEHCTBa CKOpOCTell pocTa rpaHeit, I’ Moxer
OPUHUMATh pPa3Iu4yHyl0 (OpMy U BKIIOYEHHS [MOJYYalOTCd B Pa3IUyHOM
CTETNIeHU Pa3BETBICHHBIMU. OJTHAKO CONMPOTUBIIEHUE CPEbI PU ITOM BIIUSIET HE
HEIMOCPEJICTBEHHO, a 4Yepe3 M3MEHEHHE CKOPOCTEH pOcTa pPa3MUYHBIX T'paHeil
rpadura.

I'PVIIIA T'UIIOTE3 3. I[lo maenuto H.I'. I'mpumioBuya, runoresbl 3Tou
IpyHIbL SBISIOTCA Hanbosaee 000CHOBaHHBIMU. OHU OOBSICHSIOT pa3Hbie POPMBI
[’ paznuuumem ckopocTeld pocTa €ro OTAENbHBIX TIpaHeid; MPUYMHOM HTOTO
pas3nuuMs SBISIIOTCS KaK BHYTPEHHEE CTPOEHHE M aHU30TPOIMHOCTh I, Tak u
BJIMSIHUE BHEIIHUX YCJIOBUH.

3HAUUTEIBHYIO POJb B OSTOM OTHOIIEHWH WIpAIOT MPUMECH, HE3Ha-
YUTEJIbHBIE KOJIMYECTBA KOTOPBIX MOT'YT PE3KO M3MEHUTh OI'PAHKY KPHUCTAILJIOB.
Mg, Ce, Th, a B HekoTOpbIX ciydasx Ca u gaxe S (B O0JNbIINX KOHLEHTPAIUSIX)
crocoOCTBYIOT 00pa3oBaHuI0 uaposuonozo rpadura; Pb, Bi, Al, Ti, H, u S (B
CPEIHUX KOHIIGHTpAlUAX), HAa0O0OpOT, OJAroNpUATCTBYIOT KpUCTAJIM3aLUU
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rpaduta B nracmunuamoti popme; Te u ero komOunHarmu ¢ Ce criocoOCTBYIOT
0o0pa3oBaHMIO  KOMIIAKTHOTO W TPHUTOM  pa3BeTBIEHHOro  Tpadwura,
HAaIIOMUHAIOIIETO YTJepOa OT)KHra KOBKOTO YyryHa, B OCOOEHHOCTH IIpHU
HU3KoM coaepxkanuu C, Siu S.

MexanusM BIHSSHHS TpUMeceil BecbMa pa3HooOpa3eH: OHH MOTYT
MEXaHWYECKH BHEAPATHCS B pemieTKy | wim n3buparensHo aacopOoupoBaThCs Ha
rpaHsx ['. COOTBETCTBEHHO HM3MEHSSI CKOPOCTh WX pocTta. OHM MOTYT TaKxkKe
OTTAJIKUBATHCS K TPAHUIAM PACTYIIETO KpUCTAIa U, 00pa3ys cBOeOOpa3HBIi
Oapeep, TeM caMbIM YMEHbBIIATh CKOPOCTh POCTa BCETO0 KpHUCTAUIa WU HX
KOJIOHMH B 1eJIoM. Bo BceX cirydasiX MpUMECH OKa3bIBAIOT Pa3IMYHOE BIIHSTHHE
Ha CKOPOCTh pOCTa OTACIBbHBIX IPpaHel KpucTamia, n3MeHss ero Gopmy. [axe B
cllydae W3MEHEHHs OOIeH CKOpPOCTH pOCTa KpUCTaia, HampuMmep, MpH
oOpa3oBaHuU Oapbepa, ITO CKa3bIBaeTCS MPEXkKAEC BCETO HA TPaHU, PacTyIIeh ¢
MaKCUMaJbHOH CKOpPOCTBIO: €€ CKOpOCTh 0o0jiee pEe3KO YMEHBIIACTCS W
MIOCTENIEHHO BBIPABHUBAETCS CO CKOPOCTAMH pPOCTa JAPYTUX TpaHeH, IoKa,
HAKOHEIl, JTUMHTHPYIOINUM (akTopoM He craHeT nuddysus yriaepoma depes
Oapbep nmpumecei.

B srtom cmydae dopma I' OymeT ompeaensTbes TONBKO COOTHOIICHHUEM
CKOpOCTEW JIOCTaBKM aTOMOB YTJEpofa C pa3HbIX CTOPOH, a KpPUCTAJUIBI
CTaHOBSTCS AJTIOTPUOMOP(PHBIMHU.

Kpucranaunsauus u 3aTBepeBaHne NEPBUYHBIX (a3 U IBTEKTHKH

B 3aBucuMoOCTM OT coCTaBa M XapakTepa KpPUCTaJUIM3alUM YyT'yHa
NEePBUYHBIMU (pa3aMH €ro MOTYT OBITb aycmeHum B CIy4ae JI0IBTEKTHUYECKOIrO
cocTaBa M yemeHmum WM epagum (NIACTUHYATHIA WIM IIAPOBUAHBIN) - B
ciy4yae  3a’BTekTHueckoro. IlepBuunble  a3zbpl  KPUCTAIM3YIOTCS U3
MIEPECHIIIEHHBIX KUIKUX PACTBOPOB HEMOCPEACTBEHHO, CIAEAOBATENBHO, IS UX
KpUCTAIM3al[MU XapaKTepHbl 0OJblIasi CKOPOCTh KOHBEKTUBHON nuddy3uun u
Majoe COMNPOTUBJIEHUE CPEIbl, YTO CO3AAeT ONaronpusTHbIC YCIOBUS IS
CBOOOTHOTO pa3BUTHS MEPBUUHBIX (a3.

Aycmenum KXpucTamiuzyercs OObIYHO B (opMmMe ACHAPUTOB, XapakTep
KOTOPBIX COXpPAHSIETCs, HECMOTPS Ha MOCJIEAYIOUIYIO TEPEKPUCTAIIIU3ZAIUIO (T.€.
BTOPUUHYIO KpUcCTau3aiuio). Kaxapiii 1eHIpuT ABISETCS MOHOKPHUCTAIIOM,
pacTeT M3 CBOEro ILEHTpPa, MOITOMY KOJMYECTBO M pa3MEpPbl JACHAPHUTOB
ONPENEIATCA YUCIOM 3apOJbIIIEii, KOTOPOE, B CBOI OYEPENb, 3aBUCHUT OT
KUJKOrO0 COCTOSIHMSI METAalIa U BEJIIMYMHBI NepeoxyiaxkacHus. llocnennss npu
MPOYUX PABHBIX YCJIOBHUSAX OOYCIOBIMBAETCA CKOPOCTBIO OXJAXKACHHS: YeM
00JIbIlIE CKOPOCTh TEIUIOOTBOJIA, TeM OO0Jbllle 0O0OBEMHAsA, a MPU JTAaHHOM YHUCIIE
3apOJBIIIEN U JMHEWHAs CKOPOCTh KPUCTAJUIM3AIMU, U TEM Pa3BETBICHHOE
TIEHIPU-THI.

18



xdodsd
RTINS

" i I
g‘TIJII'i?I:rI'

*.3—1—~Ll-
-=-:' ol

—IL.-|_

Tersagmddad

Puc.6 Cxema pocta AE€HIPUTOB

Ecnu mpouecc kpucTaluiM3alMd HE YCIEBaeT CleoBaTh 3a CKOPOCTHIO
TEIJI00TBO/A. TO TEMIIEpaTypa MOHMKAETCS, NePEOXIIaXKACHUE YBEIUUYUBACTCS U
YHCJIO 3apOJbIlIeld BO3pPACTaeT, YTO BEJIET K U3MENbUEHHUI0 NeHApUTOB. [lpu
ATOM JIEHJPUTHI UMEIOT JAJIEKO HE OJUHAKOBBIE YCIOBUS ISl pOCTa.

B naubonee 61aronpusTHBIX YCJIOBUAX B 3TOM OTHOUIEHWU HAXOASTCS
JIEHAPUTHI, TIABHbIE OCH  KOTOPBIX BBITSHYTBI 600.1b MENI068020 NOMOKA.
bnarogapsi 3ToMy NpPOUCXOJUT YACTUYHOE BBHIKIMHMBAHUE OJHUX JEHIPUTOB
Apyrumu (puc.6), B 0COOCHHOCTH B HAPYKHBIX CIOSIX OTJIMBKHU.

B yemmpanvueix e dYacTsIX, TJe TEIJIOBOJ HMEET MEHbIIUNA TeM-
nepaTypHblii TPaJueHT M HE CTOJb pPE3KO BBIPAKEHO €ro HampaBlIeHHE,
O0eHOpumosl umerom bojiee pasHOMEPHYI0 OPUESHMAYUIO.

B nponecce kpucramidzanuu Kak paciuiaB, TaK U BbIIAJAIOMIUNA ayCTEHUT
collepKaT pa3IMyHOE KOJIMYECTBO yriepojaa (puc.7.a), coiep:kaHue KOTOPOro
BO3pacTaeT KaKk B AayCTeHUTEe, TaK M B JKUJIKOM pacijlaBe, O YeM
CBUJICTENIbCTBYIOT I'PAJAMEHThl KOHUEHTpauuu yriaepoxa 1' 2' 3" m 1" 2" 3"
[Tocnennue cinou aycrenuta cogepxkat -2% C. a ocraBuuiics pacmias - 4,3% C.
OpHoBpeMeHHO pa3BuBaeTcss IudPy3MOHHBIA TMEepeHoC yriepoAa Kak B
KHUJKOCTH, TaK U B AayCTEHUTE B HaIpaBJICHUU OT (POHTA KPUCTAIU3AIUH,
oborarnieHHoro yriepoaoM (puc. 8,a). OgHaKko B peadbHBIX YCIOBHUSAX, JATCKUX
OT PaBHOBECHBIX, BBIPABHMBAaHUE COCTaBa MPOTEKaeT He 10 KoHIa. [loaTomy B
ayCTeHHUTE pa3BUBaeTcs "mpsamas" BHYTPUKpUCTAIIMYECKas (IEHIPUTHAS) JIUK-
Barust. OXHAKO BBICOKasi CKOpOcTh aubdy3un yriepona (zo 230010 cm/cyTk)
OTrpaHUYMBAET PAa3BUTHUE JIMKBALIUH.
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Puc.7. Cxema u3MeHEHUsI COJlepKaHUs yriiepoia B MepBUYHON ¢asze u
KUJKOM pacIljiaBe TI0IBTEKTUYECKHUX (a) U 3adBTEKTHYECKHX (0) UyTyHOB

[Ipu kpucTamIu3auu 3a36Mmekmuyecko2o 4yryHa nepBUIHoON (pazoii MOKET ObITh
yemeHmum WU epagum B 3aBUCUMOCTH OT CKOPOCTH OXJIAXKIEHUS, COCTaBa
qyryHa W Jpyrux ¢akTopoB. B 3TOM ciyuyae XKuJkuii paciuiaB Ha (pPOHTE
KpUCTAJTU3AIMU OO0eHsIeTCs yriaepoaoM (puc. 7,0) BCIEIACTBHE BbIJICICHUS
BBICOKOYTJICpOANCTON (a3pl. DTO NPHUBOIUT K AUGOY3HOHHOMY IEPEHOCY
yriaepo/ia 1Mo HampapiIeHUIO paszjena "eMeHTUT (TpaduT) - )KUAKOCTh " UId, YTO
TO ke camoe, K nuddy3un Fe or ¢ppoHTa KpUCTAIIIU3AIMK BriayOb >KHUIKOCTH
(puc.8,6). 1 B 3TOM cnydae BCIEACTBUE HecoBepiieHCTBAa Aubdy3un B
MOTPAaHUYHOM CJIO€ KHJAKOCTH 00pa3yeTcss TpPaJMeHT KOHIIEHTPAIUH. YTO
CrOCOOCTBYET JNCHAPUTHOW KPHUCTA/UIM3AlMKM IIeMeHTUTa. [[elicTBUTENbHO, B
3aBUCUMOCTH OT YCJIOBUH TEPBUYHBIA IIEMEHTHUT MOXKET KPHUCTANIM30BATHCS B
BUJIC ICHAPUTOB WK 1iacTuH. OTHAKO MOCEIHUE M0 CYIIECTBY TaK)KE COCTOAT
U3 TUTIOCKUX JICHAPUTOB, OCH KOTOPBIX, pa3pacrasch, 00pa3yr0T MOHOJUTHBIC
IUTACTHHBI;, OPHCHTAIMS M pa3Mep HMX 3aBUCAT OT YCJIOBHH KPHUCTAILIU3AINH
(Ham4us 3apojblliel, CKOPOCTH TEILUIOOTBOJA M Jpyrux (aktopos). Korma
MAaTOYHBIM PacTBOp MO MEpe KpUCTaUIM3auu nepBudHoi ¢assl (A mubo I, ')
JOCTUTAET OIPEICIEHHOTO COCTaBa, HAYMHACTCS 968MeEKmuiecKoe npespaujenue
(WM DBTEKTHYECKHH pacraji >KUIKOCTH), SBISOIICeCS HanOoJiee BaKHBIM
ATAriOM KPHUCTAJUTM3AMK YyryHa. B mporiecce 3BTEKTHYECKOTO MPEBPAICHHUS
ompejeNnsieTcss OCHOBHOM TUN TMody4aeMoro uyryHa (Oemnblif, cepslid,
BBICOKOIIPOYHBIN WJIHM TTOJIOBHHYATHIN), a TaKKe XapakTep rpadura U BEIMYUHA
ABTEKTHYECKOro 3epHa. OcobeHnocmbvlo npoyecca SBISETCS NoOaUGazHblil
XapaKTep KPUCTAJUTM3AIUHU, T.€. OJHOBPEMEHHOE WJIM TIOYTH OJIHOBPEMEHHOE
BBIJICJICHUE M3 JKHJIKOTO PacTBOpa HECKOJIBKHX, B MPOCTECHINEM Ciydac IBYX
¢da3z: g Fe-C cmimaBoB TakuMu (¢a3amMul SBIISIOTCS ayCTCHHT M OJHA W3
BBICOKOYTJICPOAMCTHIX (a3 - IEMEHTHUT WIH rpaduT.

20



l?__u'l I*'ﬁﬂ'_ﬁ_'fﬂ-d.-ﬂrl—'.-' ?.n:_-l,:.;.-'.._-: ﬁ__'_r' Ao 'l:'ﬁ..i_..'lf..ri.-:l-rl'.-'-'h.fl.' I'EE#'L;:

Nedew s Mesdevude e ons (Tepkorypma 2
gecrial peia Al pocasag | pola Tl i
E- — — e FE E-I—_—_#
Fagtim ~Fcsi
S s KA ad s

Puc.8. Hanpasnenue nuddysun C u Fe B nepBUUHBIX (Pazax U KUIKOM
pacruiaBe

DBTEKTUYECKasl KPUCTALTU3AIMs MOXET TPUBECTH K OOpa30BaHMIO Kak
XapaKTEepHOW [JIsl IBTEKTUKU JUCIEPCHONH CTPYKTYPBI, TaK H CTPYKTYpHI
rpyboro konriomeparta (mo repmuHosoruu A.A.bousapa).

[lpu 6vicmpom OXNaXXACHWU KpUCTAUIM3YyIommecs (as3pl depemyrorcs,
YTO NPUBOJUT K OOpPA30BAHUIO OUCHEPCHOU CMPYKmMYpbl, XapaKTEPHOU IS
IBTEKTUKH.

[Ipu meodnenHom OXNAKICHUN COCTAB KHJIKOT'O pacTBOpa Ha MeX(a3HbIX
MOBEPXHOCTSX YCIIEBA€T BBIPOBHATHCS, MOATOMY 00€ das3bl npodorsicaiom
c606000HO0 pacmu 10 B3aUMHON BCTpeud, oOpa3ys rpyOblii KOHIJIOMEpar
KpUCTAIUTUTOB. (CJemoBaTeNIbHO, XapaKTepHas I DBTCKTHKW JAHCIIEPCHAsS
CTPYKTYypa JaJIeKO HE BCETAa COMPOBOXKIAET IBTEKTHUECKOE MTPEBpAILlCHHE.

B bonvwuncmee cnyuaes kpucmaniuzayus MemacmaouibHoOu 26mMeKmuKu
(A+1=JI) naumnHaeTcs Ha LEMEHTUTE (MHULHUHUPYETCS IIEMEHTUTOM), Ha
KOTOPOM  3apOXKJIAIOTCsl  KpUCTalibl — aycreHuTa. Benymas ¢asza (L)
XapakTepuszyercst OOJBIION JIMHEMHONW CKOPOCTHIO POCTa U BBIIABUTaeTCs IpPH
KPUCTAJUTH3AINH BIIyOb )KUAKOTO pacTBOPA, OTNiepexkasi HECKOJIBKO POCT BTOPOid
¢a3bl (A). DTO UMeeT CBOMM MOCIEICTBUEM CHUKEHUE KOHIICHTPALMH YIIIepoa
y (poHTa KpUCTAIIM3AaIMM W BO3HUKHOBCHHE 3apOJBIINICH ayCTeHHUTa W
nanpHedmmii pocT uxX. Kpucrammmzamus A, B CBOIO O4epeab, BBI3BIBAET POCT
KOHILIGHTPAllMM Yriepoaa Ha Mex(}a30BOW TrpaHuUIle W CO3AAET YCIOBUS IS
nanpHelmen kpuctamumzauuu L. CregoBarenbHO, HaIMIO OAHOBPEMEHHO -
MOTIEPEMEHHBIN POCT COCTABIISIOIINX IBTEKTUKH (as3.

W3 »Toro cmemyeT, 4YTO IS TIOJIYYEHHUS TOHKOTO JBTEKTUYECKOTO
CTpOEHHUs] HeoOXoauMa J0CTaTodHasi OOJbIIasi CKOPOCTh OXJIaKICHHS, YTOOBI
g dy3us He ycreBaia BEIPOBHATH COCTaB Y PpOHTA KPUCTAIIN3AIINN.

MenneHHBIN TETIOOTBOJ OTPAHUYHMBAET YKCIIO IEHTPOB KPUCTATUTA3AIIH
U3-32 MaJIoTO TEPEOXTKICHUS U TMO3BOJSAET AUQPQY3UH BBIPOBHATH COCTaB
pactBopa y (¢ponta Kpuctamuzanuu. IloaTomy o06e a3l pacrtyt
OJTHOBpEMEHHO, 00pa3ys TpyObIii KoHTIoMepaT. [Ipyu 3ToM B 4UyryHe ¢ HU3KUM
COJEp)KaHUEM  yriiepola  OBTEKTHUECKHMA A MOXET  TOJHOCTBHIO
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KPUCTAJZTU30BATBLCSA HA TMEPBUYHOM, a DIBTEKTHKA KaK CTPYKTypHas
COCTAaBJISIOIIAs TOTJ]a BOBCE OTCYTCTBYET.

Ilpu cmabunvroll Kpucmariuzayuu, B TPOTUBOTIOJIOKHOCTD JIeeOypuUTY,
ayCTEHUTHO-TpaUTHAS SBTEKTHKA BBIICIACTCS B BUEC CPEPUUECKUX arperaros,
MpuYeM BeIyIIeH MOXKET OBITh JIF00ast IBTeKTHUYEcKast (a3a (B 3aBUCUMOCTH OT
nepeoxyiaxaeHusi). [Ipn ManbIx CKOPOCTAX OXJaXKICHUs (2 3HAYUT U MajoM
MepeoXJIXKISHUN) U3 KUJIKOCTH CHauaja BbIJEIseTCs TpaduT, 3aTeM ayCTEHUTA
npu OOJBIIUX - HAOOOPOT, CHayajga ayCcTeHUT, a 3aTeM rpadut. [Ipu oueHb
OOJIBIIINX TEPEOXTKACHUAX TpaUT BOBCE HE BBIJCIAETCA U3 KUIKOCTH HETO-
CPEACTBEHHO ( KpUCTALTU3AIUS TIEPEXOAUT B METACTAOUIIBLHYIO - C BhIJCIICHUEM
IIEMEHTHUTa, a o0pazyeTcs B pe3ysibTaTe paciiajia BeIACISIONIETOCs [IEMEHTHUTA.

Orcroma cneayer, 4To B 3aBUCUMOCTH OT TEPEOXJIAXKICHUS MEHSIETCS
XapakTep Beayieh ¢asbl, a TAKKe MOJTyJarTCcsl cepbie, Oesible U MOJIOBUHYATHIC

YYT'YHBI.
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Puc. 9. BnusiHue ckopocTH OXJaXIEHHUS Ha pa3Mep IBTEKTHYECKOIO
3epHa

Takum 00pa3oM, MEepBUYHAS KPUCTAUIM3ANMSA YyTyHa COCTOUT U3 JBYX
ATANoB: gbldesieHUue nepsuyrol gaszvl (A - B T0IBTEKTUYECKUX YyryHaX, L min
['-B 329BTEKTUUECKUX) U pacnad mamouHoz2o pacmeopa. CKOpOCTh TEIII00TBOAA
OKa3bIBaeT OOJBINIOE BIUSHUE HA KPUCTAUIM3AIMIO KaK MEPBUYHBIX (a3, Tak u
IBTEKTUKHU: YEM OO/IbUEe CKOPOCTb OXIANCOeHUs TIPU IPOYUX PABHBIX YCIOBHUSAX,
mem Oonbule nepeoxiaxcoeHue paciiaBa, TeM 0o/ble YUCTIO 3apoobluieli U TEM,
CJIeIOBAaTENIbHO, Menbue OeHOpumsl nepsuunvl (a3, TeM ciabee paszsumol
96MeKmudecKue KoIOHUU U OUCHepCHee UX 6HYmpeHHee CIMpOeHUe.

Kak cnenyer u3 puc. 9, 3BTEKTHKAa H3MEIBYACTCS C YBEIUUYCHHUEM
CKOPOCTH OXJIQXJCHUSA: YeM MEHBIIEe TOJIIWHA OTJIMBKH, TEM MeEIbye
IBTEKTUYECKOE 3epHO. B100aBOK, 3epHO MeIbue Ha MOBEPXHOCTH OTIUBOK, YEM
B 1ieHTpe. [lomo0HbIM 00pa3oM NEHCTBYIOT APYTrUe TEXHOJIOTHYECKHE (haKTOPHI,
YCKOPSIIONINE OXJAXKICHUE OTIMBOK WM YBEIWYCHHE APYTUM IyTeM YHCIIa
3apoJpIlliei B TEPHOA KpHCTAIM3aluK (HampuMep, MOIUPHUIIMPOBAHUE,
BUOpaIys, HEHTPOOESKHbIE CUIIBI U JP.)

BMecte ¢ Tem. yBeNIMYEHHE CKOPOCTH OXJQXKICHUS ¥ BEIHMYUHBI
NEPEOXTAKICHUS U3MEHSIET TaKXKe MUKPOMOPGHON02uio IBTEKTUUECKOTO 3€pHa,
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MOBBIIIAS TEHACHIMIO K OOpa3oBaHUIO JIYYUCO-NEPUCTNO20 WIH JIYYUCHO-
cgheponumno2o CTpOEHUs KOJOHU.

Puc. 10. BiusHue CKOPOCTH OXJIAKEHUS HA BKIIOYEHUS Tpadura

[To »oroit >xe mnpuuymHe rpadUT B HAPYKHOH YACTH HBTEKTUUYECKHUX
kojoHu# (puc.10) oxaszwpiBaeTcs 0OoJjiee KPYyNMHBIM M T'pyObIM, YeM B Hadyaje
mporecca KpUCTaJUTM3allMk, a CJIeJOoBaTeIbHO, MPH OOJBIIUX CKOPOCTIX
KPUCTAJTU3AIMU U OoJbllieM mnepeoxiaxacHuu. CraeaoBaTeabHO, TEIIO0TBOJ
ABJSIETCS  BeAymuM (akTopoM Kak MoHoda3HOW, Tak U mnosudasHoi
KPUCTAJTU3AIUH, ONpPEeNsis B MOCIEIHEM CIydyae CKOPOCTh POCTa HE TOJBKO
ABTEKTUYECKOM KOJIOHWU B IeJoM, HO U ee ¢a3[l]. M3 ckazaHHOro BBIIIE
BBITEKAET, YTO B UYT'YHE CJICYET pasiinyaTh nepsuyHoe ayCmeHUmHoe 3epHo,
oOpasymolieecss TpU KPUCTAUIM3ALUKM TEPBUYHON (a3bl, U JaumetiHoe, UlU
ssmexmuyeckoe, 3epHo, OO0Opasylolleecs MpU KPUCTAUIM3ALMUKN IBTEKTHUKH.
AYCTEHUTHOE U 3BTEKTHUECKOE 3epHa 00pa3yIOTCsl Ha pa3HBIX dTamax OJHOTO U
TOTO e Mpolecca MePBUYHON KpucTau3anuu. VX ciaeayer oTanyaTh OT 3epHa
M3JI0OMa, KOTOpoe OOHapyKUBAETCS MPHU Pa3pylICHUH YyTryHa M. CIEAOBATEILHO,
MIPOXOJUT 0 HamboJiee c1adbIM MECTaM B CEYEHUN OTIIMBOK[4].

HekoTopbie 0cOOEHHOCTH 3aTBEpICBAaHUS OTJIMBOK M3 UyT'yYHa Kak CIlIaBa
C DIBTEKTHYECKHM TNIPEBpaIeHUEM MOXKHO MPOJAEMOHCTPUPOBAThL HA MPUMEPE
OTJIMBOK U3 JIOOBTEKTUUYECKOTO YYT'yHa B MECUaHON U METANTUYECKOU popmax.

Kak cnemyer u3 puc.11, xpuctainuzamus yyryHa B IecUaHbIX (opmax
MpOTEKaeT o0OvemHo. BbleneHne TEpPBUYHOIO AayCTCHHTa HAYMHAETCS
MPAaKTUYECKH TI0 BCEMY CEUEHHUIO OJHOBPEMEHHO M TOJBKO TIOCJIE €ro
3aBEpIICHUS] ~ HAYMHAETCA  KPUCTAJIM3aIUs  JBTEKTHKHU. [Tporecchr
3aTBEp/JCBAHUSI TIEPBUYHOIO ayCTEHHUTa U HIBTEKTUUECKOE IMPEBpAIlCHHE
MPOUCXOJIAT MPEUMYIIIECTBEHHO 10C1€008AMENbHO.

B cnyyae meramiundeckor popMbl (Ipy HHTEHCUBHOM TEIJIOOTBO/IE) BOJIHBI 000MX

MIPOIIECCOB HAKJIA/IBIBAIOTCSA JIPYT HA APYTa, TaK YTO IBTEKTUUECKOE

MpeBpalleHne HAUUMHACTCSI B HAPYKHBIX CIOSX OTIUBKH JI0 TOTO, KaK
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KpUCTAJUIN3alUA IICPBUYIHOI'O AyCTCHHUTA 3aKOHYMJIACh B IICHTPC.
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Puc. 11. Kunetnka kpucTaliiu3aliy ayCTEHUTa U OBTETHUKU IO CEYCHUIO
OTJIMBOK (a - B mecuanoit popme, 0 - B METAILITUYECKOHN popMme):

l-Hayanmo KpUCTAUTM3allMd  ayCTeHWTAa: 2-KOHEI] KPHUCTaUIH3aIiH
ayCTeHUTA; 3-Hadajo KPUCTAIM3ALWU JBTCTHKH; 4-KOHEI] KPHCTaUIH3aIHH
IBTCTHKH"

CJICI[OBEITCJIBHO, IIpH 3aTBCPACBAHUN OTIIMBKH B MIeCYaHOMU d)ODMe HMCECT
MCECTO NPCUMYHICCTBCHHO IIOCJICOOBATCIIBHOC BBLIACICHUC HepBI/I‘IHOﬁ (1)21351 n
OBTCKTUYCCKOI'O IIPCBpAIlICHUA, a4 B METaAJUIMYECKOM (I)OpMC - IPCUMYIICCTBCHHO
COBMCIIICHHOC.

IIpouecchyl nepekpucTANIN3ANUN (BTOPUYHAS KPUCTALIIN3AIMS)

[lepexpuctamnuzamnuss MOXKeT OBbITh pa3lieJieHa Ha IMpPOLEecChl, MpPo-
TEKaroIIue:

a) B ayCTCHUTHCH 00J1acTH;

0) B 00JacTH y— 0 PEBPAILICHHUS;

B) B (heppUTHOI 00J1aCTH.

Brigenenne BropuuHbix a3 (rpaduta - no auauu ES miam nemenrtura -
no yuaun E'S’, puc. 2) mpoMcXoIUT BIOJIHE aHAJIOTMYHO MEPBUYHBIM C TOU
JUIIb pa3HUIICH, YTO Halu4yue TMOCIAEAHUX HWHULUUPYET U 00JierdaeT
nepekpucTauianmio. [loatomy Bropuunbie ¢a3bl OTKIAIBIBAIOTCS OOBIYHO HA
MEPBUYHBIX U IBTEKTUUYECKUX (a3ax.

B cepuix n03BTEKTHYECKUX YYryHaxX M3 MEPBUYHOTO U IBTEKTUUYECKOTO
ayCTEHHWTa, OKPYKAIOIIEr0 HBTEKTUYECKUH Tpadur, Tmnpu  MEIJICHHOM
OXJIAXKJICHUU BBIACISIETCS GMOpUYHbIL epagum W OTKIAJbIBAETCA Ha YXKe
UMEIOIIEMCSI IBTEKTUUYECKOM. B 6Oenvix dyryHax, KpUCTAJZIM30BABIIMXCS IO
METacTaOWIbHOW CHCTEME, M3 ayCTECHUTAa BbBINIAJACT 6MOPUUHbIL YeMeHmum,
KOTOpBIN OTKJIaabIBaeTCsd Ha »BTeKTHYeckoM. Kornma copepskaHue yriepoja B
aycrenute cHusutcs 10 0,69% (0,765%).uto coorBercTBYeT TOoukam S (S’) Ha
nuarpamme cocrtosiHuss Fe - C  (puc. 2), HauuMHaercs BTOpOHMl dTamn
NEePeKPUCTAIIM3AMH B 00JaCTH MpPEeBpaLICHUsS Y—>0.

Ha »sTom stane gopmupyercst mampuya (Meraandeckass OCHOBA) YyTyHa.
B 3aBucuMOCTM OT TIOJHOTHI TMpEeBpalleHUs] Kak [EepPBUYHOTO, TaK M
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ABTEKTUYECKOTO ayCTEHUTA, a TAKXKE OT CXEMbl MpeBpalieHus (1Mo cTabuiIbHOM
WM MeTacTaOWJIbHOM CHCTEME) MaTpuila YYryHa MOXKET TOJIYYUThCS
AyCMeHUmHOU, MAPMEeHCUMHOU.  U2OTbYAMO-MPOOCMUMHOU  (OelHUMHOLL),
nepaumuoll, geppumroill Ui ¢ pa3InuyHbIM COOTHOIIICHHEM ATUX (a3.

Bo Bcex uyryHax - cepoM, BBICOKOIPOYHOM, KOBKOM - BHauajieé BHE
3aBUCUMOCTH OT TEPEOXJTaXKACHUS TMPAKTUYECKH 0e3 WHKYOalMOHHOTO
MepHoa’” HAYMHACT BBILACIATHCS IPAdHT, KOTOPBI OTKIAIBIBACTCS HA YIKE
MMEIOIIUXCS BKIIOUCHHUSAX. TakuM oOpa3om, IpaduT B ITOM cliyyae Bcerjia
SBJISIETCS Beaylen (a3zoi mpeBpalieHus. 3aTeM HAYMHAET BBIICTATHCS HeppuT
U OTKJIAQABIBAThCSA BOKPYr Tpadura 1O TrpaHUIIaM WIM  BHYTPH  3€pEH
aycrenura. Crie1oBaTeNIbHO, UET NpeBpalCHUE:

A—T + O. (13)

B cepoM uyyryHe STOT MpoIecCC MOXET 3aBEPUIMTHCS IMOJHOCTHIO B
CTaOMJIBHOM 3BTEKTOMJHOM HWHTEpBaje€ IMpPU JIOCTATOUYHON BBIIEPXKKE C
MOJIYYeHHEM YUCTO (EePPUTHON MATPUILIBI U CTPYKTYpPHI (D + T).

B BBICOKOITPOYHOM UYyTr'yHE HAaKJIAJbIBAIOTCS MHTEPBaJbl CTaAOWUIBHOTO U
MeTacTabMIBHOIO pPAaBHOBECHs, IIOITOMY Ipolecc oOpa3zoBaHus (¢eppura
HUKOI'/Ia HE MPOTEKAET 10 KOHIA. B 3TOM uyryHe npeBpalleHue et rmo cxeme:

A—II nnu, garo 10 ke, A — O + 11, (14)

B cepom u KOBKOM 4YyryHax Bce OoJblliee 3HA4YCHHE NpUOOpeTaeT
peakuus (14), koTopas HMMEET MECTO TpPH OOJBIINX TEPEOXIAKIACHUIX B
00J1aCTH HWXKE CTaOMIBLHOTO 3BTCKTOMJIHOTO TPEBPAIICHHUS W HMICT Hapsay C
peakiueit (13):

A—-T + @;
A—O+I1=1IL

B pesynbraTe nomydaercst GeppUTHO-TIEPIUTHASI MAaTPHUIIA CO CTPYKTYPOM
(® + II) wm (® + L), a obmast CTpykTypa 4yyryHa COOTBETCTBYET ¢dopmylie
(O +I+T)wm (O + I+ 1).

[Ipu yBenudyeHUH CKOPOCTH OXJIAXKJCHMSI BECh ayCTEHHUT B CEPOM UYT'YHE
MEePEXOUT B MEPIIUT:

A—O+I=1IL (15)
[Tonyuaercst nmepnutHas matpuna (I1) wim (O +- 1), a obmas cTpykTypa yyryHa
crtanoButcs (I1+I') wu (@ + 1+ T).

JlanpHelee yBEIMYEHHE CKOPOCTU OXJIAXKIEHUS TPUBOAUT K TMpe-
BpAIICHUIO ayCTeHUTA B 00Jiee TUCTIEPCHYIO CTPYKTYPY:
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A—beiiauT wn A—MapTeHCcuT.

Yro kacaeTcst 3BTEKTUYECKOI0 M 3a9BTEKTUUYECKOT0 CEPOro UyryHa, TO B
HEM IPOIIECChl MEPEKPUCTATIIU3AIUN MTPOTEKAIOT MO0 AHAJOTUYHBIM CXEMaM C
TEM JUIIb A00aBIECHUEM, YTO KOJMYECTBO Tpadutra B CTPYKTYpE pacTeT
MPOIOPLIMOHATBEHO COJEPKAHUIO yIiieposa B uyryHe [5].

[Ipoueccrl, mpoTeKawue MOCIe pacnada aycmeHuma 6 KPUTUYECKOU
00J1aCTH, HOCAT TaKOW e XapakTep, KaKk M MPOIECChl B HAAKPUTHUECKOU
obnactu. D10 - 8videnenue uzdvimounvix ¢paz (I wm 1) u3 dbeppura, pacnao
yemeHmuma, a TaKXKe TPOIECChl YMEHBIICHHUS TOBEPXHOCTHON HHEPruu
CUCTEMBI - KoalecyeHyus; cgepououzayus u kKoa2ynsiyus. XOTs KOIUYECTBO
M30BITOYHBIX (a3. BeiMagaomux u3 pepputa (no auauu PQ - tperuunsiit I', mo
nuaun P'Q'- Tperuunsiii 1), BeCcbMa HEBEIHMKO, OHM MOTYT UIpaTh HWHOTAA
OOJBIIYIO  POJb, HAMpuUMEp, MpPU  JUCIEPCUOHHOM  TBEPJACHUU  WIH
OXpyMYMBAaHUM YYT'YHOB (B YACTHOCTH, MpH 0OpazoBaHuM " Oenoro uzioma' B
KOBKOM YyTYHE).

[Ipouecchl — koanecHeHus, cPeponu3anus U Koaryasius - SBISIFOTCS
CIEICTBUEM  €CTECTBEHHOIO  CTPEMJICHHS  CUCTEMbl K  YMEHBIICHUIO
MOBEPXHOCTHOM SHEPIUHU.

Koanecniennuss — cobuparenbHas PeKpUCTAIUIM3ANNSA, COCTOSIIAs B OOBETMHEHUU COCEIHHUX
KpHUCTAJIJIOB B OAUH
Cdepounnuzanus (ot cepa u rpedeckoro eidos — BuI) — CKpyrieHue, NpuaaHue MapoBHIHON

(bopMbl.
Koarymsiuus (ot narunckoro coagulafio - crymienue) - ykpynHeHHe 4YacTUll B JUCHEPCHBIX U
0COOEHHO KOJIJIOUJHBIX CHCTEMaX

3aaHue HA CAaMOCTOATEJIbHYIO padoTy
1. O3nakomutrca ¢ I'OCT 3443-87 “OTnauBKM W3 YyryHa C pa3InyHON
dbopmotii rpaduta. Metoasl onpeneneHus: CTpyKTyphl”.
2. IloBToputsh nuarpammsl coctostHus cucteM Fe—C, Fe—C—Si, Fe—Fe;C.

Bonpocel 1151 CaMOKOHTP OIS

1. Yyrynsl. Knaccupukanus mo ¢opMe BKIIOYCHHH rpadura W
METAJJINYECKON MaTPULIE.

2. [Iporeccyl popmMupoBaHUsl CTPYKTYpHI B uyryHe. /[narpamMmma cOCTOSHUS
Fe—C.

3. ®opmoobpazoBanue rpaduTa Npy NEPBUYHON KPUCTAUIU3AIUU.

4. I'padutnzanus dyryHa. [ MmoTe3sl 0 MeXaHU3Max U KHHETHKE Ipoliecca
rpaduTH3aUy 9yryHa.

5. 'padpurmsupyromue MOAUGUKATOPEI U CITOCOOBI UX BBEICHUS B KUIKUH

YyT'yH.
6. Chepounusupyromue MOAUGUKATOPHI U CITIOCOOBI UX BBEJICHUS B JKUJIKUN

YYyT'yH.
7. ®opMUpOBaHUE CTPYKTYPbl MAaTPUIbl UYyTYHOB P KPUCTAJUIM3ALNAH.
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8. Brnusinue ycnoBuil KpucTtaluiM3auud Ha (GopMy M pa3Mep BKIIOYEHHH
rpadura.

9. BnusiHMe CTPYKTYpPHBIX COCTaBIAIOIIMX HA MEXaHUYECKHE CBOMCTBa
YyT'yHa.
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Tema 1.2 CpoiicTBa, CTpOeHHMe, MAapPKHPOBKa, O0CO0CHHOCTH
MOJIy4YeHHS U IPUMEHEHHS Pa3JIMYHbIX BUA0OB YYT'YHOB

MeTtoauyeckue ykasaHus

Cepplif 4yryH ¢ miacTuHyaThiM TpadutoM. MapkupoBka. Biushue
XUMHUYECKOTO COCTaBa, CKOPOCTH OXJIAXKAECHUS, TEMIIEPATYPhI 3aJIUBKU U IPYTUX
(bakToOpoB Ha CTPYKTYpY U CBOMCTBa ceporo 4yyryHa. O6iacTb NpUMEHEHUS U
TEXHOJIOTUS TMOJIYYEHUsI CEeporo 4uyryHa. TeXHOJOrHYEeCKHe OCOOEHHOCTH
[IOJIy4YE€HUS OTIUBOK U3 CEPOro 4yryHa.

Knaccudukanus koBkux 4yryHoB. O01masi xapakTepucTriKa, MapKUpOBKa.
O6nactb TNpUMEHEHUST W  TEXHOJOTUs TMOJY4YEeHUsT KOBKOTO  YyryHa.
TexHnonornyeckne 0COGEHHOCTH MOTYUYEHUS OTIIMBOK M3 KOBKOTO UYyT'YHA.

Bricokonpounslii yyryH ¢ mapoBugHbiM rpadutom (BUILLIIY). O6mas
XapaKTepucTuka, MapkupoBka. O0IacTh MPUMEHEHUS U TEXHOJIOTHUS MOJYyUYEHUS
BUIII'. Texnonornueckue ocoO€HHOCTH MoxyyeHus: otiuBok u3 BUILT .

BricokonpouHsblii yyryH ¢ BepMHKYIsipHbIM Tpadurom (BUBI'). O6mas
xapaktepuctuka. O06macTh NpUMEHEHUsT U TexHosnorus mnoiydeHus BUBI.
TexHnonornyeckue 0coOOEHHOCTH MoaydeHus ook u3 BUBT.

benpiit yyryn. OOmas XxapakTepucThka, o0JacTb MPUMEHEHUS U
TEXHOJIOTUS TONy4eHUs: Oenoro 4yryHa. TeXHOJOrH4ecKHe OCOOEHHOCTH
MOJIYYeHHsI OTIIUBOK U3 O€JI0oro 4yryHa.

JlerupoBanHble uyryHbl. OOIas XapakTepucTHKa, MapkupoBka. O0IacTh
IMPUMEHEHUSI W TEXHOJOTWS  IOJIYyYEHUS  JIETUPOBAHHOIO  YyIyHA.
TexHonornyeckue OCOOEHHOCTH TOJYYEHHUS OTJIMBOK U3 JIETMPOBAHHOTO
YyryHa.

Jlekuusa 3 Ceppblii 4yryH ¢ miacTuH4arbiM rpagurom. KoBkmil 4yryH.
BpIcOKONPOYHBIN YYI'YH ¢ IIAPOBUIAHBIM rpaguTom.
Jlumepamypa: [2], 151-163; [3], 217-222, 261-270; [4], 45-67, 81-91; [5], 176-
178.

Jlekuusi 4 BpICOKONPOYHBIN YYI'YH C BepMHUKYJISPHbIM rpagurom. besbii
4yryH. JlerupoBaHHble YyryHbI.

Jlumepamypa: [2], 151-163; [3], 217-222, 261-270; [4], 45-67, 81-91; [5], 176-
178.

Biausinue pasian4HbIX (paxTopos Ha KPHCTALIU3ALHUIO "
rpagpuTH3aANUI0 YyryHa
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Kpucrammmzamus u rpadutuzanuss 4YyryHa ONpPEAEsIOTCS COCTaBOM
MeTajla, €ro JKHJIKUM COCTOSHHUEM, CKOPOCTBIO OXJIQXJACHHUS OTJIUBKH,
TepMOOOpPaOOTKOM M  JIpyruMu (aKTOpaMH, Bapbupys KOTOPBIMH, MOXKHO
MIOJIYYUTh Ty WJIN UHYIO CTPYKTYPY, a CJIEIOBATEIbHO, U CBOMCTBA Uy-T'yHa[6].

O01mme 3aKOHOMEPHOCTH BJIMSIHHUS 3JIEMEHTOB

XUMHUYECKHE DIIEMEHTBl OKa3bIBAIOT PA3JIMYHOE BIMSHUE Ha MaTPHILY
(MeTalIM4eCcKyl0 OCHOBY) M TpaduTHble BKIIOYeHUss B uyyryHe. [lo cuie
BO3JEHCTBUST Ha TrpaduTH3anuio Haubosnee BaKHbIE OJEMEHThI  MOXKHO
PACIIOJIOKUTH B CICAYIOIIUN IPUMEPHBIN PSL:

Al, C, Si, Ti, Ni. Cu. P. Co. Zr. Nb. W. Mn, Mo, Cr, V, S, Mg, Ce, Te, B

(+) )

DJeMeHTHI cieBa COCOOCTBYIOT rpadUTU3alliy, ClipaBa - MPENsSTCTBYIOT, B
CepeIiHe - ABISIOTCS HEHTPaTbHEIMK® . OJHAKO BIHSHHE KAXIOTO M3 3IEMEHTOB
Ha rpaUTU3ALUIO0 3aBUCUT OT MHOTHUX (PaKTOPOB (COAEpKaHUs APYTUX NMPUMECEH,
CKOPOCTH OXJIaXJEeHUs U Ap.). Bce 3T0 ycnokHsSeT mpolecc U 4acTo MPUBOAUT K
pe3ysibTaTaM SIBHO HECOMOCTABUMBIM HM3-3a Pa3JIMYUs B YCIOBUSX HCCIEIOBAHUMN.
JIo cux mop OKa3bIBAIOTCS HECOCTOSITEIbHBIMH BCE IMOMBITKM CBECTH MHOT000-
pasue AeUcTBYIOIMX (PAKTOPOB K KaKOMY-HHUOYIb OZHOMY MNpU OOBSCHEHUU
MEeXaHU3Ma BIUSAHUS 3JIEMEHTOB Ha MPOoLECcC rpauTH3aLUK.

OpHu uccrnenoBaTeNy MBITAIOTCS YBA3aTh MEXaHU3M TrpadUTU3H-PYIOLIETO
BJIUSIHUSL DJIEMEHTOB C KX BO3JCHCTBUEM Ha TMOJIOKEHUE KPUTHUYECKUX TOYEK
[MarpaMM  COCTOSIHMS°. JIpyrue O5TO BIIMSHHE CBS3BIBAIOT C AKTHBHOCTBIO
yriaepoaa W JIETUPYIOUIMX D3JEMEHTOB, TPETbH CBA3BIBAIOT KOA(DPUIIUEHT
b dy3un yriepoia v xese3a co CKOpOCThbIO rpaUTH3ALUY.

Buoumo, naubonee npasunvbHou B 3TOM OTHOILIEHWUU SIBISETCS MOMBITKA
YCTAHOBJICHUS CBSI3U MexCcOy epagumusupyrowum Gluanuem 3JIEMEHTOB U
noaodicenuemM ux 8 nepuoouyeckou cucmeme /[.U. Menoeneesa, a cnenoBaTeibHO,
U C UX DJIEKTPOHHBIM CTPOEHUEM, XOTS YCTAaHOBUTH KOJMYECTBEHHOE BBIPAXKEHUE
ATOMW CBSI3U MOKA HE yJIaeTCH.

COrIacHO JTOH THIOTE3e, TEePeXOHbIE SIEMEHTH , MMeromme Ha 3d -
YPOBHE MeHbule JJIEKTPOHOB, uyeM xene3o (Sc. Ti. V. Cr. Mm. 10JDKHBI
npensamcmeosams TpapuTH3aALMU. a UMerolue Oobliee yuciao 3yekTpoHoB (Co,
Mi, Cu) pomkHbl crnocoOcTBOBaTh rpadutu3a-uuu. Takas 3aBUCHMOCTH
noATBepxkAaeTcss mnpakThukoil. Oanako B oTHomeHuun Ti (u, BeposiTHO, Sc)
HaOJIoaeTcsl OTCTYIUIEHHE OT oO0uieil 3aKoHOMEpHOCTU. 77 cnocobcmayem
epagumuzayuu, HO 3T0 0OBACHSIETCS TEM, UTO OUYEHb OOJIBIIIOE CPOACTBO DJIEMEHTA
(xak u Zr, oryactd Mb) K yriaepoay ¥ HEKOTOPbIM JIPYTUM HEMeTallJlaM MPUBOJUT
K OOpa30BaHUIO MPAKTUYECKH HEpaACMEOPUMbBIX COEOUHEHUN, CAYHCAUWUX 3apPO-
oviuamu 0ns epaguma. TlpoTuBornoniokHas KapTUHA HAOII0aeTCsl B OTHOIICHUU
npyrux psaoB asemeHToB (Al, Si, P, S), B KOTOpBIX 110 Mepe JOCTPOUKHU 3p-ypOBHS
M-0005104KkH rpadUTH3UPYIONIAs CHOCOOHOCTD MAJAEeT, a HE YBEIUUUBACTCSI.
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Bausinue yriepoaa u KpeMHHUA

HaubGonee BaXHbIM B NPAKTUYECKOM OTHOIICHUH JETUPYIOUIUM
AIIEMEHTOM SIBJISIETCS KPEMHHM, KOTOpPBIM BMECTE€ C YIJIEpPOJOM OKa3bIBaeT
HaumOoJplIee BIUSHHME Ha CTPYKTYpy UM CBOWCTBa uyryHa. l3meHnenuem
CoJIep KaHMs ITUX IEMEHTOB MPAKTUYECKU JOOUBAIOTCS TOW WIM MHOW CTEIIEHU
rpaduTH3anuu U KeaaeMo CTPYKTypbl uyryHa. C yBEeTUUYEHHEM COJEPKaHUS
OJIHOTO U3 HUX, KaK MPaBUII0, CHIKAIOT COJEPKaHUE JIPYTroro.

['padutuzupyromee BausiHUE yriaepoAa OOBSICHAETCA TEM. YTO OH
YBEJIMUMBAET YUCIO 3apoAbIIEH. Si KaK 3JE€MEHT, paclIupsIomui o0JacTh Y-
pacTBOpa, MOCTENEHHO BHIKJIMHUBAET 00JAaCTh Y-pacTBOpA. MPU 3TOM CABUTAET
BBEpPX U BJIEBO IBTEKTHUYECKYIO M 3BTEKTOMIAHYIO TOUKH (T.€. B CTOpOHY Ooiee
BBICOKUX TeMIeparyp u Oosee HU3KMX KOHIEHTpaluuil yriepoaa). GakTuuecku
Si uHTeHcuBHO BbITecHaeT C wu3 pacTBopoB. BiusHue Si Ha TOuky
ABTEKTOMIHOTO npeBpaiieHus S (S') mokazaHo Ha puc. 5.

bnarorBopHoe BaussHue Si u C Ha rpa@uTH3aLMI0 YyryHa B IMpOILECCE
KpUCTAUIM3alUU WIUTIOCTpUpYETCst puc 6. Pe3ko BhIpake€HbI JBa KPUTHUYECKUX
comepxkanusi Si: I - cooTrBeTcTBYeT mepexony Oemnoro uzinoma B cepbiid; Il -
MaKCHUMaJIbHOMY KOJIMYECTBY Ipauta B UyryHe.

3aaHue HA CAaMOCTOATEJIbHYIO padoTy

CBolicTBa pa3IMYHBIX BUJOB UYT'YHOB, TEXHOJOTUYECKHE OCOOCHHOCTU UX
MOJIy4eHus, u3roropiaeHus oTuBok. M3yuenne 'OCT 1412-85, 1215-79, 7293-
85, 7769-82.

Bonpocel 1151 CaMOKOHTP OIS

1. Cepoiii uyryn. 'OCT 1412-85. OOmas xapakTepuCTHUKa, CTPYKTypa.
MapkupoBka.

2. BnusiHue OTIOenbHBIX AJIEMEHTOB Ha CBOMCTBa ceporo uyryHa. O6mactb
IPUMEHEHUS.

3. TexHonorus noay4eHus: OTIIMBOK U3 CEPOro YyryHa.

4. KoBkuit uyryn. 'OCT 1215-79. OOmas xapakTepucTuka, CTPYKTypa.
MapkupoBka. BrnusiHue OTHENbHBIX 3JEeMEHTOB Ha cBoicTBa. OO0nacTh
IPUMEHEHUSI.

5. TexHONOru4ecKne 0COOEHHOCTH MOTYYEHUS OTIIMBOK U3 KOBKOTO YYT'yHA.

6. BoicokonpouHslii 4yryH c mapoBugHbiM rpadurom. I'OCT 7293-85.
OO6mast XapakTepucTuka, CTpyKTypa. MapkupoBka. BrusiHue OTIeNbHBIX
AJIEMEHTOB Ha cBoMcTBa. O01aCTh MPUMEHEHHS.

7. TexHonorus TOJNYYeHHUS] OTIMBOK M3 BBICOKONPOYHOIO YYyryHa ¢
IAPOBUHBIM rpaduTOM.

30



8. BbIcOKONpOYHBIA  4YyTyH € BEpMUKYJSIpHBIM Tpadurom. OOmas
XapaKTEpUCTHUKA, CTPYKTypa. MapkupoBka. BnusiHue OTHENBHBIX 3JIEMEHTOB Ha
cBoiicTBa. O6nacTh MPUMEHEHUS.

9. Texnonornuyeckue 0COOEHHOCTH MOJTyYEHHUS OTJINBOK u3
BBICOKOIIPOYHOTO YyTYHa C BEPMUKYJISIPHBIM IPa(UTOM.

10. benpiit uyryn. OOmas xapakTepucTHKa, CTPYKTypa. MapKupoBKa.
BrnusiHue oT/AeNbHBIX 3JIEMEHTOB Ha cBoicTBa. O0IacTh MPUMEHEHUS.

11. Texnonoruueckre 0COOEHHOCTH NOTYUYEHUS OTIMBOK U3 OEJIOro YyryHa.

12 JlerupoBanusie uyrynbl. ['OCT 7769-82. OOmas xapakTepuUCTHKA,
CTpyKTypa. MapkupoBka. BiusiHue oTHeNbHBIX 371€MEHTOB Ha cBoicTBa. O0nacTh
MIPUMEHEHMUS.

13. TexHonoruueckne 0COOCHHOCTH MOJIYYEHHUS OTIMBOK U3 JIETHPOBAHHOIO

YyryHa.
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PA3JEJI 2 - TEOPUA U TEXHOJIOTUA U3I'OTOBJIEHUSA
YYI'YHHBIX OTJIUBOK

MOJY.JIb 2

Tema 2.1 MaTepuaJibl, TCOPUA U TEXHOJIOTHS BbIIVIABKHU YyTI'yHA.

MeTtoauyeckue ykasaHus

[Ipy mony4eHUH XUAKOTO YyryHa JUIsl OTJIIMBOK HEOOXOJAMMO YUYUTHIBATh
OCOOEHHOCTH 3THX OTIMBOK U TPEOOBAHUS K UYTYyHY, T. €. JIOJDKHBI OBITH oOec-
ne4yeHbl HE TOJIBKO 3aJJaHHble MEXaHMYEeCKUEe CBOICTBa B oOpa3uax, HO H
MUKpPOCTPYKTYpa U TBEPIOCTh B pabOyuX y3jaxX OTIMBOK, COOTBETCTBYIOIINE
TpeOOBAHUSIM TEXHUUYECKHUX YCIOBUI.

[Ipu BbIOOpE TEXHOJIOTMH MOJYYEHUS Yyr'yHa HEOOXOJUMO YYUTHIBATH €ro
XUMUYECKUI COCTaB, METOJ IIMXTOBKH M HACJIEACTBEHHBIE CBOMCTBA IIMXTOBBIX
MaTepHalioB, TUIABUIIbHBIEC arperaThl (BarpaHku, 3JEKTPOINEUn) U PEXXUM IUIABKU B
HUX, a TAK)KE€ BHEMEUHYI0 00pabOTKy UyryHa.

OOHOBPEMEHHO C XMMHYECKMM COCTaBOM Ha (POPMHUPOBAHHE CTPYKTYpHI U
CBOMCTB YUYr'yHa B OTJIMBKE CHJIbHO BJIUSIOT IIMXTOBBIE MaTEPHUAJIbI, UX CBOKCTBA U
COJIEp/KaHHE B LIUXTE.

Jlekuus S Teopusi M TEXHOJIOrUs BBIIVIABKHY YYyI'YHA B BaIrPaHKax

1. Marepuansl 1715 BBIIIJIABKU YyT'yHa
2. PacueTr mmXThl 1S BBIIUIABKU YyT'yHa
3. TexHonorus miIaBkKu 4yryHa B BarpaHKax

Jlumepamypa: [2], 311-325; [4], 138-203; [5], 34-53, 62-100;
[8], 41-85, 88-93.

MaTepl/IaJ'lbI JJIA BBIIUVIABKH YYI'YHA

[Ipy mony4eHUM XUAKOTO YyryHa JUIsi OTJIMBOK HEOOXOJAMMO YUYUTHIBATh
OCOOEHHOCTH 3THX OTIMBOK U TPEOOBAHUS K UYTYyHY, T. €. JIOJDKHBI OBITH oOec-
ne4yeHbl HE TOJIBKO 3aJJaHHble MEXaHMYEeCKUEe CBOICTBa B oOpa3lax, HO H
MUKpPOCTPYKTYpa U TBEPIOCTh B pabOuYUX y3jaxX OTIMBOK, COOTBETCTBYIOIINE
TpeOOBAHUSIM TEXHUUYECKHUX YCIOBUI.

JIns KOpIYyCHBIX OTJIMBOK CTaHKOB XapaKTEPHO COYETAHUE MAaCCUBHBIX
paboyux y3J10B C OTHOCUTEIBHO TOHKMMHM CTeHKamH. [lonydyeHue mnepiauTHON
CTPYKTYpPBbI, MEJIKOro rpadutra M BBICOKOW TBEPAOCTH B MACCHUBHBIX CEUEHHSIX
OTJIMBKM M HUCKJIOYEHHE O0TOeNa B TOHKHUX CTEHKAaX JOJKHBI ObITh 00€CIeyYEHBI
IIPU BBICOKOM KBa3MM3OTPOIMHM YYTryHa. JTO AOCTUTAETCS MYTEM HCIOJIb30BAHUS
HanOoJiee COBEPILICHHON TEXHOJIOTUU TIOJYYESHHSI YyTYyHa.
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[Ipu BbIOOpE TEXHOJIOTMH IMOJYYEHUS YyryHa HEOOXOJUMO YUYHUTHIBATH €r0
XUMHYECKUN COCTaB, METOJ| IIMXTOBKM U HACIEICTBEHHBIE CBOMCTBA IIMXTOBBIX
MaTepHalioB, TUIAaBHIIbHBIEC arperaThl (BarpaHkH, 3JEKTPOINEUn) U PEXUM IUIABKU B
HUX, a TAK)KE€ BHEMEUHYIO0 00pabOTKy UyryHa.

M3BecTHa 3aKOHOMEPHOCTh — YKPYNHEHHE BKIIOUEHHUM Tpaduta mnpu
MOBBILIEHUU YTIJIEPOAHOIO KBUBaNeHTa. CHUYKEHHUE YTIIEPOIHOTO SKBUBAJIEHTA J10
3,4 npu npuHsATOM oTHOUIEHUU C/S1 B BarpaHOYHOM M JIEKTPONIEYHOM UyT'yHaX He
obecrieunBaeT MONy4YEeHUs OTHOCHTEIIBHO MENIKUX BKIo4eHHH rpadura (I, < 250
MKM), COOTBETCTBYIOIINX TpeboBanusm TY.

[Ipy wWCHONB30BAaHMU IIMXTHI, COCTOAILIEH B OCHOBHOM H3 COOCTBEHHBIX
Bo3BpaToB U 30% cTajapHOM CTPYXKH, AaKe MPU HMHIYKIHOHHOHN TIUIaBKE HeE
MIPOUCXOJIUT CYUIECTBEHHOI'O pa3MelbueHus Tpadutra B 00pa3nax yKazaHHBIX
CEUCHHMI. YBEJIMYEHHE YIJIEPOJHOTO SKBUBAJIEHTA 3HAYMTENbHO BIHSET Ha
CHI)KEHHE CKJIOHHOCTHM YyryHa K OTOEIMBAHHIO, XapaKTepU3yeMoW IIIyOUHOM
0TOEJIEHHOM 30HbI TEXHOJOTHYECKON POoObl. UyryHbl HHAYKIIMOHHON IJIABKU TOTO
K€ XMMHUYECKOr0 COCTaBa, YTO M BarpaHOYHbIE YYTyHbI, 00yanaloT OoJblIei
CKJIOHHOCTBIO K OTOEJTMBAHHUIO.

Jist m3rotoBneHus KpynHbelx oTimBok I u Il kmaccoB rpymmbel 6 0e3
XOJOJIUIBHUKOB B 3aBUCUMOCTH OT MAacChl M TOJIIMHBI HAaMpPaBISIOMIHUX
UCIIOJIB3YIOT UYYTYH C TIOHMXKEHHBIM cojJepkaHnuem yriaepoja (2,9—3,1%),
BBIIUIABJICHHBIA Ha MmuUXTe, coaepxaiiert 1o 40—50% cranpHoro noma. MHorna
ATOT YYyryH TNOJBepraroT MoauduuupoBaHuio. Ha OONbIIMHCTBE 3aBOJIOB 3TH
gyryHsl Jerupytor 0,2—0,4% Cr, Ha 3aBoae «Cubmurmann» 0,15—0,3% Ni, Ha
JICO um. CrepaiioBa Ni + Cu =0,4%.

[Ipy W3rOTOBIEHMM OTIMBOK PA3JIMYHOW MAacCChl IIHPOKO HCIONB3YIOT
XOJOUIBHUKHU. B 3TOM cllydae NpUMEHSIOT YyryH C OTHOCHUTEIBHO BBICOKUM
coaepxkanuem yriaepona (3,1—3,3%) 1 HU3KUM cojep)KaHUEM CTAJIBHOTO JIOMa B
muxre (20—30%). Macca OTIMBOK M TOJIIMHA HANPABISAIOMINUX, NMPU KOTOPBIX
1[eJeco00pa3HO MCMHOJB30BaTh XOJOJIWJIBHUKH, HA KaXJIOM 3aBOJIE pa3HbIC.
Cnenatb 1O 3TOMY BOIPOCY Kakue-InO0o 0000mamIe BBIBOABI W JaTh
PEKOMEHJAIIMU HE TIPEJICTABISAECTCS BO3MOKHBIM.

[IpuBeneHHbIE AaHHBIE TMOKA3bIBAIOT, YTO JUIsI CTAOMJIBHOTO TMOJy4YEHHUs
menkoro rpaguta (I, < 250 MKM) B OTHOCHTEIIBHO TOJCTBIX CEYEHHUAX OTIMBKU
MPUMEHSIOT CIAEAYIOINE METObI:

1) camxenue C, u C/Si B uyryHe (pu BarpaHOYHOM IJIaBKE 3TO JOMYCTUMO
B M3BECTHBIX MPE/IeNiaX U CBSI3aHO C YXYJIUIEHUEM JTUTEHHBIX CBONCTB UYT'yHA);

2) OBBIIIEHHE CKOPOCTH OXJIAXKJIEHHUS C TOMOIIBIO XOJI0UIbHUKOB.

B psane cnyuyaeB JHUTEHHIMKM BBIHYXKIEHBI HMCIOJIB30BATh BTOPOH METOI,
XOTS OH U CBA3aH C OPraHu3allMOHHBIMH TPYIHOCTSIMHU, TOBBIIIEHUEM
TPYJOEMKOCTH U OMACHOCTBIO MOSBICHUS creupuyeckux ne(eKToB B OTIMBKAX
(cm. rnaBy I).

OOHOBPEMEHHO C XMMHYECKMM COCTaBOM Ha (POPMHUPOBAHHUE CTPYKTYPHI U
CBOICTB UyryHa B OTJIMBKE OUY€Hb BIUSIOT LIMXTOBBIE MaTepHallbl, UX CBOMCTBA U
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COZIep)KaHME B IIMXTE. B mepByrO oyepellb 3TO OTHOCUTCSA K CTAIBHOMY JIOMY M
JIOMEHHBIM YyT'YHaM.

JlomeHHble 4yryHbl. KauecTBO OTIMBOK, JUTEHHBIE W MEXaHHMYECKHUE
CBOMCTBA YyryHa IPU IMPOYMUX PABHBIX YCIIOBUAX 3aBUCAT OT MPOUCXOKICHUS U
CBOMCTB JIOMEHHOTO 4YYIyHa, HCIIOJb3YEMOIO B IIUXTE U NOATBEPKICHO
MHOTOJIETHEW TpakTUKOW. HacneacTBEHHOCTh CBOMCTB CKa3bIBAETCS B TEM
OoJiblel CTETIEHH, YeM OOJIbIIe COAepKaHUe JOMEHHOTO YyryHa B IIIUXTE.

[To nannaeim JI. U. JIeBu, Ha MEXaHUYECKHUE CBOMCTBA YYyT'YHOB OJJMHAKOBOT'O
XUMHYECKOT0 cOCTaBa (MO0 OCHOBHBIM 3JIEMEHTaM) OKa3bIBae€T CYIECTBEHHOE
BIIMSHHUE COJEp)KaHUE B HHUX a30Ta, KOTOpOE KOJIEOJNEeTCS B 3HAYMUTEIIBHBIX
Npenenax B 3aBUCUMOCTH OT MPOUCXOKICHUS JOMEHHOIO Yyr'yHa, UCTIOIb3YEMOTO
MIPU TUTABKE.

HUccnemoBanuss JUTEMHBIX JOMEHHBIX UYYTYHOB Pa3JIMYHBIX 3aBOJIOB
MOKa3bIBAIOT, UYTO TpyOble BKIIOYEHUs TrpaduTra B ITUX YyTYHaX BBI3BIBAIOT
KPUCTAUIM3ALAK YyryHa BTOPUYHOW IUIABKA C TIOBBIIICHHOW CTEICHBIO
rpaduTHU3alMd M KPYINHBIM TpaguToM. ITO OOBICHAECTCS 3HAYUTEIBLHOU
YCTOMYUBOCTHIO TpPH ITUTABKE M TMEeperpeBe BKIIOYEHUN TpaduTa HCXOIHBIX
MaTepuasioB, SBIISIONIUXCS 3apOBIIIEBON (ha30il B KUIKOM METaLIC.

Becbma BaxxHO, 4TOOBI KaKIbIH JTUTEHHBIN 1IEX MOTydal JOMEHHBIM YyTYH €
OIPEAECICHHOI0 METAJUIypruieckoro 3asoaa. Ho m B 3ToM ciydae mpuxoauTcs
CUUTATBHCS C TEM, YTO HA OJJHOM U TOM K€ METAJUTYPIrUYECKOM 3aBOJIE NIPU IIJIABKE
B Pa3JIMYHBIX JOMEHHBIX I€YaxX WJIM NPU U3MEHEHHHU PEXKMMa JOMECHHOM IUIaBKHU
MOJYYalOT 4YYTyHbl C pa3JIMYHBIMH HACJIEACTBEHHBIMU CBOWCTBaMH. [l
WCKJIFOYCHUS BIUSHUA 3TOro (hakTopa B TUTeHHBbIX 1exax IlIBeitnapuu, rae ocodoe
BHUMAaHUE YAECIAETCS KAyeCTBY UYT'yHA JJIi CTAHOYHOTO JINThS, B BarPAaHOYHYIO
WIHUXTY BBOJAT, KaK IPABUJIO, OJJHOBPEMEHHO YYI'YH JBYX-TPEX Pa3HbIX COPTOB,
MPUYEM OJIMH U3 HUX T€MaTUTOBBIH [59].

Takas MHOTOKOMIIOHEHTHAsi IIMXTOBKA CBf3aHAa C CYIIECTBEHHBIMU
MPOU3BOJICTBEHHBIMU TPYIHOCTIMH, ITOATOMY MOXHO PEKOMEHI0BATH CIICAYIOIINN
onpapaaBiuii cebs meton. IlocTymarommii Ha 3aBOJi B BaroHax JOMEHHBIN
JIUTEUHBIM YYT'YH PACCOPTUPOBBIBAIOT HA OTACIbHBIC IAPTHUH, B KAXKIAYI H3
KOTOPBIX MOJOUPAIOT YYT'YHBI OJMHAKOBOTO KJlacca W TPYMIBI U C COAEpKaHUEM
KpeMHus, oTiauvarommmcss He Oonee +0,1 % oT cpeaHero Ijsi 3TON MapTUU.
YUyryHbl KaXaoW MApPTUHU YKIAABIBAIOT TaK, YTO YYTYH M3 KaXJIOrO BaroHa
oOpasyeT cnoil B «mupore». UyryH co ckiaja B JMTEHHBIA IieX MOAaeTcs
MarHuTHOM IIai0o0#, KOTOpOW cTpeMATcs 3a0paTh YYIMIKA W3 MaKCHUMAaJIbHOTO
Yyclia Pa3MYHbIX ClI0eB. JTo obOecrneunBaeT MpH HIMXTOBKE HauOoliee MOJHOE
MEpEMEIIMBAHUE YYIIEK U3 PA3IMYHBIX BAarOHOB.

Bonpoc o0 BIUsIHUM JOMEHHOIO 4yryHa Ha CBOMCTBA Uyr'yHa BarpaHOYHOM
IUIaBKU MpuoOperaeT emle OoJblliee 3HAYEHUE B CBSI3M C 3aMEHOW JIMTEHHOTO
JIOMEHHOTO YyT'yHa MEPEICIIbHBIM.

Jl1st Toro 4TOOBI IPU 3aMeHE JUTEHHOTO JOMEHHOTO YyryHa IepelesIbHbIM
o0ecrnieynTh CTaOWJIBHBIE CBOWCTBA BBIIJIABIISIEMOTO YyT'YHa M TIPEIOTBPATUTH
yXyAIIEHUE KayecTBa OTJIMBOK, HEOOXOAUMO HMETh JOCTOBEPHBIC CBEICHHUS O
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CTPYKTYpE U CBOMCTBax IMOJy4ae€MbIX UYI'YHOB NIPHU HUCIOJIb30BAaHUU B IIHUXTE
Pa3TUYHbBIX TOMEHHBIX YyTYHOB.
[Ipu 3aMeHe AUTEHHOTrO JIOMEHHOTO YYT'YHA MEePEICIbHBIM

1) cyliecTBEHHO YBETMUMBACTCS KUAKOTEKYUeCTh yyryHa (puc. 29);

2) HECKOJIBLKO TMOBBINIAETCS CKIIOHHOCTH YyryHa K oroenuBanuio (puc. 30).

3) HECKOJIBKO YMEHBILIAETCS KOJIMYECTBO rpaduTa, pa3MenbyaloTcs ero
BKJIFOYEHHSI U TIOBBIIIAETCS JUCHEPCHOCTh MEPIUTa; 3TU U3MEHEHHS B OCHOBHOM
OTHOCATCA K «MSTKUM)» 4YyryHaMm, [0 COCTaBy MNpUOIMXKAIOUIUMCI K
ABTEKTUYECKUM; MHUKPOCTPYKTypa <«wkecTkux» uyryHo (C, = 3,5-7-3.8),
UCIIOJIb3YEeMbIX JIJI KOPIIYCHBIX OTIMBOK CTAHKOB, CYIIIECTBEHHO HE OTJIMYAETCS;

4) He3HAUMTENbHO TOBBIMAIOTCS (Ha 5—8%) MexaHuMdeckue CBOMCTBa
«MSTKOT0» YyryHa; HE OTMEYaeTcs CKOJb-IUOO CYIIECTBEHHOIO0 W3MEHEHMS
MPOYHOCTH «OKECTKUX» YYTYHOB.

OOBICHUTH YKAa3aHHYIO PA3HUILY B HACIEJCTBEHHBIX CBOMCTBAX MOXKHO TEM,
YTO B MEpPEeIbHOM YYryHE IO CPaBHEHUIO C JIMTEHHBIM MEHBIIE COACPKUTCS
rpyboro mnepBUYHOro rpaduTa, KOTOPBIM HE YCIEBAET PACTBOPUTHCS TPHU
pacIUIaBICHUH U TEpEerpeBe 4yryHa. ODTH BKJIIOYEHUs rpaduTa MOTYT SBISTHCA
HEHTPAMH KPUCTAILTU3AIMHI 3BTEKTUYECKOT O rpaduTa.

3ameHa B BarpaHOYHOM IIMXTE JIUTEHHOTO YyryHa NepeiebHbIM 3aCTaBIISIET
KpOME HACJEJICTBEHHBIX CBOWCTB YYUTHIBATH U TEXHOJOTHYECKHE OCOOEHHOCTH,
KOTOpbIE BIUSIOT HA MOJIYYCHHbIE PE3YJIbTATHI.

CranpHoil oM. Ilpu yBennueHuM cojepKaHHUs CTaIbHOrO JIOMa B IIMXTE
YMEHbBIIIAeTCs] KOJMYECTBO YIiepoja B HEH W B BbIIUIABICHHOM 4yryHe. OJHaKo
IpU pacyerax CcleAyeT YYUThIBaTh, YTO C YBEJIMYEHUEM COJEpXKAHUS CTalu
MOBBIIIAETCS CTENEHb HAYTJIEPOKMBAHMS METAIJIA B MTPOLIECCE TIABKHU.

Ha mnayrinepoxuBaHue CTalbHOM 4YacTH IIMXThl 3HAYUTENIBbHO BIHSIOT
pa3Mepbl KyCKOB CTaJbHOTO JIOMA, TaK KaK 3TOT MPOILECC MPOUCXOAUT TIaBHBIM
o0pa3oM B 30HE BarpaHku Bbllie ¢GypMm. Menkue, TOHKOCTEHHbIE KYCKH CTaJIbHOTO
JoMa TIJIaBATCS B 0oJjiee BBICOKMX 30HAX I€4Yd, MOITOMY HAYIJIEpOKHMBAaHUE
yBEJIMUMBAETCSI; MAacCHUBHbIC, TOJCTOCTEHHbIE KYCKM JioMa IUIaBATCA B Ooiee
HU3KUX 30HaX M B pe3yibTaTe HayrjIepoKUBAHUE YMEHBIIAETCA. ODTUM
OOBSCHAETCS  YCTAaHOBJICHHOE MPAaKTUKOM MpaBUiIO —  Jji1  BBILIABKH
HU3KOYIJIEPOJUCTBIX YYTYHOB HMCHOJB30BaTh TOJCTOCTEHHbIE MACCHUBHBIE KYCKH
CTaJIBHOTO JIOMA.

VBenuueHue CcoAepKaHUs CTAIBHOIO JIOMa B IIHUXTE CIIOCOOCTBYET
MOJIyYEHHIO 4yryHa ¢ Oosee JUCHEPCHOM CTPYKTypod u 0osiee BBICOKUMU
MEXaHMYECKUMHU CBOMCTBAMH, Y€M y YYTr'yHOB TAaKOro € XMMHUYECKOrO0 COCTaBa,
BBITUIABJICHHBIX C MEHBIIIMM COJEPKAaHUEM CTAJILHOTO JIOMA B IIUXTE.

[Ipu Onu3kux 3HayeHusix C; Oojee BHICOKME MEXaHMYECKHE CBOMCTBa
MMEIOT YyTYHBI, BHIIIJIABJICHHBIE C YBEITMUEHHBIM COJEPKaHUEM CTAJIbHOTO JOMa
B uxTte (puc. 27). OTH YyTyHbI OTINYAIOTCS AUCTIEPCHBIM MEPIUTOM U METKUM
rpaduToM.
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Tak, mpu BBEJEHUM B WIUXTY OTHOCHTEIHHO OOJBIIOTO KOJUYECTBA
dbeppocmmnmst | ¢ comepxxanneM 10 18—20% KpPeMHHSI BO3PACTAET OMACHOCTb
MOJIyYeHUs]  3HAYUTEIbHOW  HEPaBHOMEPHOCTH  COJIEp)KaHUS  KPEMHHUS B
BBITUIABIIIEMOM uyryHe. M30exarb 3TOro MOXHO TIyTeM TIIATEIBLHOTO
B3BCIIIMBAHUS TMPEABAPUTEIBHO Pa3apoOJeHHOTO (EeppPOCUIUIUS, YMEHBIICHUS
MacChl Ka)XXJ0M 3aBajikh, YCPEIHECHHS COCTaBa B  KOIMMJIBHUKE JOCTAaTOUYHOMU
€MKOCTH.

2. Pacyer muXTHI JJI BHIIUIABKH YYI'YHa

Pacuer muXThl COCTOUT M3 TPEX MOCIEA0BATEIBHBIX ITAMOB.

1) VYcranoBnenue  TpeOOBaHWI, TPEABABIAEMBIX K  COCTaBY
BBHITIJIABJIIEMOTO CIUIaBa IO COJIEPKAHUIO OCHOBHBIX JJIEMEHTOB M IPUMECEH,
T.€. OIPEICIICHUE PETIAMEHTHPYEMOI'0 XUMHUECKOTO COCTaBa CIIaBa.

2) OrmpeneneHue pacueTHOro cocTaBa ciwiaBa. Ha »3Tom dTame
MpeABApUTEIBLHO BHIOUPAIOT MEPEUYCHBb ITUXTOBBIX MAaTEPUATIOB U3 UMEIOIINXCS
B HaIW4WU. BBOAST OrpaHUYEeHHs] HA HCIOJIB30BaHUE 3THX MaTEpUAJOB B
muxte. DUKCUPYIOT XUMHUUECKUM COCTAB KaXKI0OH U3 COCTABJISIBIICH ITHUXTHI.

B 3aBucuMoOCTH OT MJIABWIBHOTO arperara JJisi BBIIUIABKH CILJIaBa
OTPENICIIAIOT 3HAUCHHUE yrapa pacueTHBIX AJIEMEHTOB.

3) CocraBieHue pacyeTHBIX ypaBHEHUM U UX peireHue. Ha stom sTame
COCTaBJISIOT OAJAaHCOBBIC YpaBHEHHUS MO BCEM PACUYETHBIM DJIEMEHTAM M BUIAM
IIUXTOBBIX MaTepHalioB. B pe3ynbrare MX penieHusl MoJIy4yaroT COOTHOIICHUS
MEX/Iy COCTAaBJISIONIMMU IIUXThI, KOTOPbIC MPHU BBHIOPAHHOM CIOCO0E IUIaBKU
o0ecIeunBaloT 3aJaHHbIM XMMHYECKHH COCTaB CILIaBa.

HcxonHpIMU JaHHBIMU ISl pacdeTa IMIUXThI SBIISIOTCS

1) TpeOyeMblil XUMHUYECKHI1 COCTaB CILIABa;

2) XHMHUYECKHUH COCTaB COCTABJISIONINX METaJI03aBaIKH,

3) yrap 3JeMEeHTOB NpH IJIaBKE.

B o6mieM cnydae mmxTa COCTOMT M3 7 — KOMIIOHEHTOB, KaXKIbI W3
KOTOPBIX HMEET OIpeJeJeHHYI0 KOHIEHTpalui i-ro »3jJeMeHta K, T.e.
MHOECTBO KOHLIEHTPALMU i-T0 deMeHTa M.

My = {Ki1y Kizys - Kimy (1)

Uucino TakMX MHOXKECTB PaBHO YHCIY pacyeTHBIX 23JIeMeHTOB. Jlis
peleHns 3ajladyd pacuera MIMXThl HEOOXOAUMO OINMPEACIUTh MACCOBYIO JIOJIO
Ka)kJ10TO U3 KOMIIOHEHTOB IIMUXTEHI, T.€. X, X, ... ,X.

B mporecce miaBku KOHIIEHTpAIUs 3JeMEHTa U3MEHSETCS, MPOUCXOIUT
aubo yrap, auOO0 mpurap s3JieMeHTa. Eciu yrap NPUHUMAIOT IO ONBITHBIM
JAHHBIM KaK CPeIHECTaTUCTHYECKUN, TO CpeHee COoAepKaHue /-To dJIEMEHTa B
ITUXTE ONPESTSIOT U3 (POPMYIIbI

Kiqwy = Kie) - (100/(100 £ Axy)), ()
e Kj(,,) - CpeiHee CoiepKaHue i-ro dJIEMEHTA B IIHXTE;

1 .
Pexomennyercs ¢eppocniannmii ®C18, Tak Kak Npu NOBBIIIEHUH COePKaHUA KpeMHus 6oJiee 18—20% maTepuas CTAHOBUTCS
HeMArHUTHBIM H TPAHCIIOPTHBIE ONEPALUH YCJIOKHSIOTCS.



Ki(e) - TPEOyEMOE coniepiKaHue -TO SIEMEHTA B JKHUIKOM CILIABE;

Ax;, - yrap (-), mpurap (+) /-ro sjnemMeHTa Bo BpeMs IuiaBku, %. OHAKO
yrapel 3JIEMEHTOB W3 PA3JIUYHBIX KOMIIOHEHTOB IIUXTHl CYIIECTBEHHO
OTJIUYAIOTCS APYT OT jApyra. Tak, HapuMmep, B IPOIECce TUIABKU yrap KPEeMHUS
y MepeAeTbHBIX YYyTYHOB COCTaBIsET 6%, a yrap KpeMHHUS Y JTUTEHHBIX YyTYHOB
3HAYUTEIBHO BBINIE U KOJICOJETCS B 3aBUCMMOCTH OT MapKH B mpenenax 6,5 ...
11,4%.

B Takux ciaydasx IIMXTY PacCUMTHIBAIOT HE MO CPEIHUM yrapam, a 1o ux
KOHKPETHBIM 3HAUCHHUSM IS KaXXJI0r0 M3 KOMIIOHCHTOB IYTEM OIPEICICHHS
MIPUBEACHHOTO COJCPIKAHUS dJICMEHTA B IITUXTE.
r7ie Kl."(’;.) - PUBEJICHHOE COJICP)KAHKE SJIEMEHTA B IITUXTE.

n
3aTeM 3HA4YEHUE Kié’) ucnosb3yercs B cucreme (1) Bmecto Kj,y: Ilo

CpPEIHEMY COCTaBY IIMXThl PACCUUTHIBAIOT MACCOBBIE JOJIM €€ KOMIIOHEHTOB X,
X2, —Xp.

3T10T pacuer MO>KHO MIPOU3BOIUT aHAIMTUYECKUM,
rpaoaHaTUTUYECKUM WM METOAOM MOJI00pa IyTEM PEIICHHUS] CUCTEMBI
JIMHEVHBIX YPaBHECHUM:

X1Ki1y T X2Ki2) + o + X0 Kitny = Kiguys
X1Kq) + X2 Kqy + -+ gy = Kqqus ()
X1+ x+ -+ x, =1,
rJie X; — MaccoBas JI0JIsl KOMIIOHEHTA IIUXThI, %o;
Kq(iyK — MaccoBas 1107151 9J1EMEHTa g B 1-M KOMIIOHEHTE NIUXTHI, Y.

Cy1iecTBy I0T HECKOJIBKO CIIOCOOOB pacyeTa IINXThI:

1) aHAIUTHYECKUIT METOT,

2) rpaduuecKuil METox;

3) rpapoaHaTUTHYECKUN METOI;

4) MeTo/ MOCIEA0BATENILHOIO KOPPEKTUPOBAHUS;

5) pacueT MUXThl METOJOM MOA00Pa;

6) pacyeT MIUXTHI MPU TTOMOIIX BEIYUCTUTEILHON TEXHUKH.

TexHoJI0rusl IVIABKU YyIr'YHA B BarpaHKax
Barpanka

Barpanka npezactaBisier coOoi MiuaBWIBbHYIO Meyb MaxTHoro tumna. Ha
puc. 90 wu300paxkeHa BarpaHka CcO  CTAIlMOHAPHBIM  KOMUJIBLHUKOM.
BeprukanbHbI HWIMHAPUYECKUN KOXKYX 9, N3TOTOBJIECHHBIN U3 JTUCTOBOW CTAJIH
TONIMHOW 8—12 MM, yCTaHOBIEH HU Non0BOM mumuTe /9. BHyTpH KOXyX
¢dbytepoBan orHeynopHeiM mate puaigoMm /(0 tommmHon 250—300 mm. [TonoBas
IUIMTAa YCTAHOBJIIEHA HAa 4YeThIpeX KoJoHHax 2(0. B 1eHTpe MOoJ0BON IUIUTHI
MMEETCSl KpYIJIOE: OTBEpPCTHE I YHAJEHUs OCTaTKOB IUIaBKU. OTBepcrTHe
3aKpBITO JIBYMsI MOJYKPYIJIBIMU JBEepUaMu 2/, MOJABELICHHBIMM Ha METIISX
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CnenuanbHbIl 3aTBOP MCKIIOYAET BO3MOKHOCTH PACKPBITHS ABEpoK MHornma
IBEpLbl MOANMPAIOT CHU3Y CTOMKOM 22. B KOXyxe BarpaHku HMEITCS
OTBEPCTHUSl IJis1 3arpy3o4Horo okHa [2, pabouero okHa [6 dypm 7,
COECIUHUTEILHON JIETKU 0.

YacTp BarpaHky OT 3arpy304HOr0 OKHAa 1O IMOAOBOM IJIUTHI Ha3bIBAIOT
maxtoi /3, a BbIIE 3arpy304HOr0 OkHa — TpyOoul //. Humxke 3arpy3odHoro
okHa (Ha 0,8—1,2 M) MmAxXTy YacTO BBIKJIAJBIBAIOT HE OTHEYNOPHBIMHU, a
YYT'YHHBIMA TyCTOTEIBIMU OJIOKaMH /4, KOTOpbIE XOpOILIO MPOTUBOCTOSIT
ynapam 3arpyxaemoro mertamwia. [lon /8 naOuBHOW. Barpanky paszxuraroT
IpoBaMH uepe3 pabodee OKHO KOTOpOE TNepes] HauyajoM IUIaBKH IUIOTHO
3aKpBIBAIOT IBEpLEH /7.

KonuneHuk 4 mnpennazHadeH miig cOopa HEOOXOIMMOIo KOJIUYECTBa
yyryHa. KonuibHUK, Kak W BarpaHka, UMEeT KOXyX U (yTepoBky. Kuakuii
MeTasll U3 KOMWIbHUKA BBITYCKAIOT Yepes JIETKY 2 10 KeJlo0y /; 1uiak — yepes
nutakoByto Jietky 3. CbeMHBIA cBOJ 5 oOjerdaer yciioBus peMoHTa. Boszmyx
BHayajie mocTymnaeTr B ypMEeHHbIN Mosic 8§ U 3aTeM Mo naTpyokam — K pypmam.
[ubGepsl 15, ycTaHOBIEHHBIE HA MATPYOKaX, MO3BOJIAIOT PEryIUpPOBaTh Pacxo
Bo3nyxa Ha (ypMbl. Ha BepxHeld yacTu JIBIMOBOM TpyOBbI, BBIXOISIIECH H3
31aHUS, YCTAaHABIMBAKOT UCKPOracUTENb, IPEIHA3HAUYCHHBIA ISl yJIABINBAHUS
pacKaJeHHBIX YaCTHI] U MbUIH, BBIOPAChIBAEMBIX U3 BarpaHKU.

Ha puc. 91 nokazan BOJOOXJIaKIa€MBbIii HCKPOTACUTEIND, MO3BOJISFOLIAN
Ha 80% OYMCTUTH BarpaHOYHBIE T'a3bl OT MbUIK. OUYNCTKA Ta30B IPOUCXOIUT MPH
UX COINPUKOCHOBEHHH C TIOTOKOM BOAbL. B kopmyce 3 wuckporacurens
pa3MenieHbl JBE CHUCTEMBbI opolleHHus BoJaoi. IlepBas cuctema BKIIIOYAET
BEpXHUN 2 M HWKHHUN 4 KOJUIEKTOPBI, a BTOpass — 30HT 6, KOJUJIEKTOp 8 H
COeIMHUTENbHBIE TPYOB! 7. ['opsiure BarpaHOYHbIE Ta3bl IO BbIXOAE U3 TPYOBI 9
BarpaHKU OTKJIOHSIOTCSI 30HTOM K KOPITYCY MCKporacuress. XO0J0JHas BoAa U3
TpyOonpoBoa / 3alOTHSAET 30HT U MOCTYIAET B UCKPOTACUTENh YEPE3 CIUBHOM
naTpyOoK 5 Ha KoHLEe 30HTa. Bo Bpemsi paOoThl BarpaHku Mo 30HTY (IO Bceid
OKPYXHOCTH) CTEKAaeT MOTOK BOJbI, Yepe3 KOTOPBIM MPOXOAST BarpaHOYHbIC
ra3bl. Bce KpynHbIe U CpeTHUE YACTHUIbI MBUIM OTAEJIAIOTCS MOTOKOM BOJBI OT
ra3oB W YBIEKAalOTCAd BHM3 K cinuBHOM TpyOe /0. Bopna, cnuBatomasics u3
KOJUIEKTOPOB 2 W 4, JONOJHUTEIBHO OYHWINAET BAarpaHOYHBIE Tra3bl, 4YTO
oOecrneunBaet Bbicokuit KI1J] ycTanoBKH.

[Ipu HenmponOKUTENbHBIX T1aBKaX (3—4 1) ¢pyTepoBKa BHITOPAET JIUIIb
Bbilie ¢GypM. B sTOM ciayuyae peMOHT IUIaBMJIBHOrO Tmosica CBO-AMTES K
3a/ICJIBIBAHUIO  BBITOPEBIIMX MEET HOBBIM OTHEYNOPHBIM  KHUPIHYOM €
NpUMEHEHUEM  pacTBopa M3  orHeymopHod  riuHbel. [lpu  Oonee
MPOJOJDKUTENBHBIX IJIaBKaX BBITOpaHHe (DYTEPOBKM HACTOJIBKO 3HAYUTEIHHO,
41O TpeOyeTcs nmoJiHas 3ameHa (yTepoBKH B pailoHe TIaBUIIBHOTO MOsICA.
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Jlekuuas 6 Teopussi u TexHOJOrWsi BBIILUIABKM 4YYI'YHa B
3JIEKTPUYECKUX AYTOBbIX M HHAYKIHOHHBIX Ne4aX, B IVIAMEHHBIX Ie4ax

1. IlmaBka dyryHa B 3JICKTPUUYCCKUX AYTI'OBbIX U HHAYKIIHMOHHBIX II€YaX
2. IlmaBka dyryHa B INTAMCHHBIX II€YaX

Jumepamypa: [2], 325-334; [4], 204-209, 218-226; [5], 100-155.
Il1aBka qyryHa B 3J'leKTpI/I‘IeCKI/lX )]yl"OBbIX n I/IHl[yKIII/IOHHbIX nmevyax

JIns TUTaBKM 4YyryHa TPUMEHSIOT JYTOBbIE W HWHAYKIMOHHBIE BBICOKO-
YACTOTHBIC DJICKTPUYECKUE TEUH. DJIEKTPUUECKHUE MeUYd MOTYT paboTaTh Kak Ha
TBEpJIOM, Tak W Ha XKUAKOM 3aBasike. [lpm paboTe Ha TBepAOM 3aBayike
WCIIOIB3YIOTCSL  DJICKTPOAYTrOBUE II€UW, MPUMEHsIEMble ISl TUIAaBKU CTal,
emMkocthto 0,5—5,0 m. Jlng paOoTel Ha >KUAKON 3aBajKe MPUMEHSIOTCS
AJIEKTPOYTOBBIE €U €eMKOCThIO 3 1 10 m.

DONEeKTPOIJIaBWIbHBIE TI€YM TMPUMEHSIOTCS TJaBHBIM  00pa3oM iU
MoJTyueHus 0o0Jiee BBICOKOTO MeperpeBa uyyryHa, BBEJACHUS JICTUPYIOMNUX J00ABOK,
JIOBOJIKM YyryHa IO XUMHUYECKOMY COCTaBy. Pexke 3JIeKTpOIUIaBUIIBHBIE TEYr
MPUMEHSIIOTCS I yAaJeHUs: BpeaHbIx npumeceind: ocdopa u cepol. Iloatomy
OOJIBIIIMHCTBO DJIGKTPUYECKUX T€Uel [UId TUIABKM Yyr'yHa UMMEeT KHUCIYIO
OTHEYNOPHYIO (YTEPOBKY.

[InaBka 4yyryHa Ha MIMXTE W3 CTAJIBHOTO JOMa MPOUCXOAUT C J0OaBKOH
Hayryepoxkuparenein B konumyectBe 5—10% ot Beca meranna. B kadecTse
HayTJIepOKUBATENICH MPUMEHSIOT IPEBECHBIN YroJib, KOKC, dJIEKTPOAHBIN OO0 U IIp.

JlpeBecHbIN yroyib npu IjIaBke ycBawBaeTcss metaiioM a0 40%, Kokc 10
50% wu snekTpoanslid 601 10 70%. YacTh yriaepoAuCcThIX MaTEpPUAOB 3arpyKaroT
BMECTE C IIIMXTOM, a IPYTyIO YaCTh 3aChINAaIOT Ha TTOBEPXHOCTD JKUIKOTO METaJIja.

Breigepikka MmeTamia 3aBUCUT OT KauecTBa HayrJIepOXKMBaTellsi M COCTaBa
YyryHa, KOTOPbIH HEOOXOAMMO TMONY4YduTh. JIJIsi pazIMUHBIX COCTABOB YYTr'yYHOB
BBIZIEpKKa KoJieOseTcst B npeaenax ot 80 mo 20 muH.

[locne oxoHYaHWsS HAyTJAEPOXKHBAHUS B BaHHY J00ABISIOT IMOJOTPETHIC
KyCKu (DeppOCHUIIUIIMS U MapraHila, HarpeBaroT METaJUT JI0 3aJlaHHON TeMIlepaTypbl
Y pa3iivBaioOT B (JOPMBI.

[Ipu mnaBke BBICOKOYIJIEPOJUCTOTO UYYT'yHa B I€Ub 3arpykKarT YYIIKH
YyryHa, JIMTHUKHA, YYT'YHHBIH JIOM. JIJIs KOMIIEHCAIIMU BBITOPAIOIIETO YIJiepoja
no0aBis0T HayriaepoxkuBateiab B konuuectBe 0,3—0,4% oT Beca IIMXTHI
YcBoeHue yriepojaa Tpud  3TOM mpolecce IiaBku paBHsiercs  40—50%.
[lepernnaBka MPOU3BOIUTCS O OJHUM IIJTAKOM, KUCIBIM MJIM OCHOBHBIM.

Jlisi TofydyeHus COOTBETCTBYIOLIEIO COCTaBa Ijlaka B TE€Yb J100aBISIOT

¢bmrocsl (B %):
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s meyent ¢ kucJioil pyrepoBkou | [t nevyeit ¢ 0CHOBHOM GyTepOBKOH
o IInaBuKOBOTrO MIIIaTa 25%
KBapuesoro necka 80% o
MonoTtoro Kokca 15%
N3Bectu 20% N3Bectu 60%

B cnyyae HeoOXOAMMOCTH TOJIYY€HUS HU3KOYTJIIEPOJUCTOrO YyTr'yHa B
IJIaBKYy J00aBISIOT COOTBETCTBYIOLIEE KOJMYECTBO cTajnbHOro joma. [locre
pacIiaBlieHus] MeTajyla CHUMAarT 00pa30BaBIIMICS IUIAK U, B 3aBUCUMOCTH OT
(GbyTEepOBKH MEeUH, HABOISAT HOBBIH IIIAK.

[InaBky 4yryHa HeoOXOAMMO BECTH IO BO3MOXXHOCTH ObIcTpee. Yrap
AJIEMEHTOB TMpHU IUJIaBKE B JJICKTPOJAYTOBBIX I€UaX HAXOAUTCS B CIECAYIOIIUX
npezaenax: s neyen ¢ kuciou pyrepokoit 5—10% C; 15—20°/, Mn; Si Mmoxert
npuropath Ha 0,2—0,3%; nist meyeit ¢ ocHOBHOM (pyTepoBKoii yrap Si cocTaBisieT
5—10%; Mn 10—15%; conepxxanue C u3MeHsiercs.

Jlerupyromue 100aBKM MOKHO BBOJUTH B UYT'YH B Pa3jIUYHBIC MEPUOJBI
raBku. [Ipu HeOOIBIIIOM KOJIMUECTBE JOOABOK UX, KaK IMPaBUJIO, BBOJST B I€Uh B
KOHIIE TIJIaBKHU; TIPU OOJIBIIIEM KOJIMYECTBE JOOABOK MX MOXHO BBOJUTH YaCTHUYHO
BMECTE C IIIMXTOBBIMH MaTepUalaMy U YAaCTUYHO — B KOHIIE TIJIaBKH.

CocraB 1UIakOB TP TUTABKE HA TBEPJOM 3aBajKe 3aBUCHUT OT (DYTEPOBKHU
neuu (tadi. 60):

Taoauna 60
dyTepoBKa Coaep:xanue B %
ne4yu SiO, CaO MgO FeO MnO ALO; Ca(C,
Kucaas 55-65 5-25 1-3 5-10 3-7 5-10 -
OcuoBnas | 15-20 | 50-60 - 1-2 1-2 5-8 2-3

B kadecTBe MIaBUIBHBIX arperaToB B UYT'YHOJIUTEHHBIX II€XaX B OCHOBHOM
HAllUIU PacHpOCTPAHEHUE MHIYKIMOHHbIE THUrEJIbHBIE I€YU MPOMBIILICHHON
4acToThl Ojarojapsi CIEIYIOUMM MPEUMYIIEeCTBaM: TIIe4d He TpeOyroT
npeoOpa3oBaTajiel TOkKa W  OTHOCHUTEIBHO TMPOCTHl MO YCTPOWCTBY, a
ANEKTPUUYECKUI KOA(DPUIIUESHT MOJIE3HOTO JIEUCTBUS UX BBICOK (66—75%). Pacxon
AJIEKTPOIHEPTUM Ha TUJIABKY M TeperpeB uyryHa cocrtapiseT 650—700 kBt-u/T.
Temota reHepupyeTcss paBHOMEPHO B CaMOM MeTaie 0e3 MECTHOTO €ro
neperpeBa, W OKUAKAA MeTaul MHTEHCHUBHO IepeMeluBaercs Onarojaaps
BO3JICUCTBUIO 3JIEKTPOMArHUTHBIX CUJI. DTO OOecreyrMBaeT MUHUMAIBHBIA yrap
AJIIEMEHTOB, OBICTpPOE pacTBOpPEHUE J00AaBOK M PABHOMEPHOCTh METAITUYECKON
BaHHBI IO XUMUYECKOMY COCTaBY.

K uynciy HemocTaTKoB 3THX Medeil OTHOCHUTCA Majasi CKOPOCTh IIaBJICHUS
TBEPAOW 3aBaJIKM, YTO CHUXKAeT ee K. M. . [loaromy Hambosee 3p(HEeKTUBHBIM C
TOYKHU 3PEHUs] MPOU3BOJUTEILHOCTH M PACXO0/a JIEKTPOIHEPTUHU SABISIETCS METO]I
IUIaBKUA Ha «00J0Te», T. €. MPHU Ka)XJOM BBIITYCKE U3 MEYU BbIJIACTCS B Pa3iUBOY-
HBII KOBII KOJMYECTBO 4yryHa, cocrtasistomee 30—40% ee emkoctH. 3ateMm B
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KUJKYIO BaHHY 3arpy’ar0T COOTBETCTBYIOIIEE KOJUYECTBO TBEPIBIX IIMXTOBBIX
MarepuaioB. [Ipu 3TOM ypOBEHB KHIKOTO METAIa MOAHUMAETCS O BepXa TUTJIA,
U TIeYb HEMPEPHIBHO pabOTaET C BHICOKUM K. II. 1.

K 4uncny HEZOCTaTKOB MHIAYKIIMOHHBIX I€YEl MPOMBIILUICHHOW YacTOTHI
OTHOCUTCSL OO0JbIIasi MOTPEOHOCTh B MPOM3BOACTBEHHOM IUIOLIAAM, Y€M IIpU
YCTaHOBKE BarpaHOK ¢ TAKOM e o01Iel MPOU3BOIUTEIBHOCTBIO. ITO O0BSCHSIETCA
3HAUUTEIbHOW IJIOLIa/Ibl0, 3aHUMaeMoW TpaHcopmaropoM U Oarapeeit
KOHJICHCAaTOPOB.

JUis  gymekc-mpolecca  HaumOojee IIUPOKO HCHOJIB3YIOT —KaHalbHbIE
WHIYKIMOHHBIE TI€YM MPOMBIIUICHHOW YacToThl. BcnenctBue ocobeHHOcTEN
KOHCTPYKIIMU ¥ METOJIa TeHEPUPOBAHUS TEIJIOTHI 3TH MEYU NIPHU paboTe Ha KUIKON
3aBaJike 00€CIeUnBalOT ONTUMAJIbHBIE TEXHUKO-9KOHOMUYECKHe noka3arenu. K. m.
n. nedeil nocrturaer 90—95%; 3aHmMaemas mionaap U CTOUMOCTh YCTaHOBKH
3HAQUMTEIbHO MEHBIIE, YE€M THUIEIbHBIX INedeill. Pacxon »nexkTposHepruu s
nojAAepkanus temneparypbl yyryHa nopsaka 1400° C cocrasnsier npumepHo 20
kBT-u/T. Jlna pacmiaBneHus TBEPAOW IIMXTHI TAaKUE IE€YM, KaK IMPaBUIIO,, HE
UCIIOJIB3YIOT.

3aaHue HA CAaMOCTOATEIbHYIO padoTy

Oznakomurcs ¢ JICTY 3132-95 «JIutelinsiii uyryn» u ¢ JJCTY 3133-95
«llepenenpHbIN YyTyHY.

Bonpocsl 1151 cCaMOKOHTP OIS

. Orueymnopusie matepuanbl. Kimaccudukanus, Ha3HauCHHE.

. [lepeuunsie maTepuansl. Kitaccudukanus, Ha3HaUYCHHE.

. Jlerupyromue, paduHupytone u MOIUuPUIUPYIONUe J00aBKH.

. TonmuBo. DJIIOCHI.

. Pacuer muXThl 11 BBIIUIABKM YyT'yHa AHAJIUTHYECKUM METOJIOM, METOJ0M
noadopa.

6. Meroauka pacuera mHUXTHI.

A W =
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Tema 2.2 Teopusi U TEXHOJIOTUSA BbIIIABKHA YYI'yHA.

MeTtoauyeckue yKkasaHus

[Ipy wu3ydeHuum »STOM TEMBI ClENyeT yAEIUTh 0co00e BHUMaHUE
KOHCTPYKIMH Meue, MPUHLIUIAM UX paboThl, 0OCOOEHHOCTSIM TEXHOJIOTMUYECKUX
IIPOLIECCOB BBIIIJIABKU YYT'yHA.

Jlekuuss 7 Teopus M TEXHOJOrMsl BBIIUVIABKM 4YYIyHAa AYIUIEKC
npoueccoM

1. ®u3nko-xuMHYeCKasi XapaKTEePUCTUKA MOJTUIIPOLECCOB.
2. TexHonorusi IIIaBKM AYIUIEKC-TIPOLECCAMMT.

Jumepamypa: [2], 325-334; [4], 204-209, 218-226; [5], 100-155.

B nocinenHee BpeMs IWIMPOKOE PaCHpPOCTPAHEHUE IOJIY4YUI JYIUIEKC-
MPOLIECC, IPU KOTOPOM IUIABWIIBHBIE arperatbl NPUMEHSIOTCA B CIEAYIOIINX
COUETAHUSX: BarpaHka — JyroBasi 3JIEKTponedb (IPOU3BOJICTBO KOBKOTO H
MarHMeBOr0 UYT'yYHOB, a TakKKe CEeporo BBICOKMX MAapOK); BarpaHKa—
WHIYKIIMOHHAS TUTeNIbHAs Meyb (IPOU3BOACTBO CEPOro M KOBKOTO YYr'yHOB);
BarpaHka — HMHAYKIIMOHHAsI KaHalbHas medb (IIPOM3BOJICTBO CEPOr0 YyryHa);
AyroBasi — WHIYKUMOHHAs TWUreJdbHAs TMedb (MPOM3BOJACTBO KOBKOTO H
MAarHueBOr0 YYr'yHOB); WMHIYKIMOHHAs TUTENbHAs — JyroBas 3JEKTPOIEUb
(MpOM3BOJCTBO KOBKOT'O M MarHUEBOTO YYT'YHOB); MHAYKIIMOHHAS TUTEJIbHASI —
WHAYKIMOHHAs KaHajbHas Medb (MPOU3BOACTBO CEPOr0 UYTr'yHa BBICOKUX
Mapok). B 3TuX medax BBIIUIABISIOTCS BCE MapKd YYTyHOB  JUIS
WHJVMBHUAYaJbHOIO M MacCOBOTO NPOW3BOACTBA OTIMBOK. llocrmennumii arperar
CIYXWT ISl TIeperpeBa M JOBOJKM YYTr'yHa 10 XUMHUYECKOMY COCTaBy WIIH
BBITIOJIHSAET PYHKIIMK MHKCEpa.

POuU3uK0-XUMHYECKAA XapaKTEepUCTUKA MMOJUIIPOLECCOB.

Bce mponeccel, npotekaromue B nepBuuHbix arperarax (B, AII, UTII),
UIECHTUYHbl PACCMOTPEHHBIM BBIIIE JJISI COOTBETCTBYIOLIMX METOAOB ILIABKH
MoOHonpoueccamMu. M3MeHeHHe XMMHYECKOIO0 COCTaBa YyTyHa BO BTOPHUYHBIX
arperarax ([I1, UTII, UKII) cBsi3aHO C B3anMOJECHCTBHUEM KHUIKOT'O METajja CO
[IUTAKOM U (PYyTEPOBKOM TEUH.

Lynnexc-npoyeccol Mo2ym oCyWecmensamvcsa ¢ 6ecoMa 3HAYUMETbHIM
UBMEHEeHUeM XUMUYECKo20 Ccocmasa uy2yHa u oadce ¢ 000a8KOU mMeepobix
WUXmogvlx mamepuanog (Hampumep, BO3BpaTa M JIPYTUX OTXOJOB NpPU IJIaBKE
BbIcOokonpouyHoro uyryHa BY). Takue mpoueccol mpoucxonar tonbko B Il u
HTII. B sTom ciydae nporecc IUIaBKU CIEAYET pacCMaTpyUBaTh KaK aHAJIOTMYHBIN
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monormpotiecc (B JIl unu UTII) ¢ yacTuuHO# 3aMeHON TBEpION HIMXTHI KUIKON
CaJKOM, KOTOpas IpU MHAYKLUMOHHOW IUJIABKE XapaKTepHA W I MOHOIpoLEcca
(3ymnd).

[Ipu nymnekc-mporiecce 0Oe3 BBEACHHMS IMUXTbI M APYrHUX J00aBOK
M3MEHEHUE XMMHUYECKOTO COCTAaBa CBA3aHO € yrapoM WM IPUrapoM BJIEMEHTOB U
3aJIMBKOW WM OTOOpPOM MopuMi MeTamia. BeiMyck mopiuu Merajiia U3MEHSET
COZECPKAHUE DJIIEMEHTA, HO HE HU3MEHSET KOHLEHTPALMIO 3JIEMEHTA, IO3TOMY
HY>KHO pacCMaTpUBaTh BIMSHHUE HA KOHUEHTPALMIO AJEMEHTa BXOIAIIMX MMOPUUN
MeTauIa.

ITockonbKy 3amMBKa MOPLUHUM METAJUIA U UX BBIIIYCK MOTYT 4YepeloBaThCs
Xa0TUYHO, MPEACTAaBUTHh OOIIYI0 MOJENb B BHJE (POPMYINbI 3aTPYAHUTEIBHO.
[ToaTomy menecoobpasHo, ucnonbzys IBM, cocTaBUTh aNropuT™M MUKCEPOBAHUSI.

TexHoJ10rus NJIABKYU AYNJIEKC-IPOLECCAMHU.

[lepBeiM aymekc-mipoueccoM Obu1 B—/III, KOTOpHIM elie MHOro aecsTH-
JeTUN Ha3al Hadainu NpuMeHsTh s BbllaBku KY. TexHonorus miaBKu 3TUM
IQYTUIEKC-ITPOLIECCOM 3aKJII0UYAETCsl B TOM, YTO B MOATOTOBJICHHYIO OYTOBYIO II€Yb
3a 1—2,5 4 10 Havana pa3nMBKM 3aJMBAIOT KUAKWUW 4YyryH W3 BarpaHku. [lpum
UCIIOJIb30BAaHUM OTXOJIOB (YTO TMpakTUKyeTcss mnpu mpousBoacTBe BY) unx
3arpy’karoT Ha MOAMHY I€Yd [0 CIMBa B IMedb BarpaHo4yHoro yyryHa. Ilocie
3QJIMBKHA YyTYHA B AYTOBYIO I€Ub MPOLECC BEAETCS aHAIOTMYHO MOHOIIPOLECCY B
MEpUoa JOBOJAKH. B AYyroBbIXx medax MPOUCXOAUT 3HAYUTEIBHOE HW3MEHEHUE
XMMHYECKOTO COCTaBa YyryHa, W €ro HEO0XOAMMO KOPPEKTHPOBATh IO
pe3ysibTaTaM 3KCIpecc-aHajnu3a B COOTBETCTBUU C pekoMeHaauusmu t1adn. 10.3.
3HAYUTENBHO MEHBIINM U3MEHEHHUSIM MOJABEPKEH XUMHUECKUN COCTAB YyTr'yHa MpHU
UCIIOJIb30BaHUU KaHAIBHBIX IEYEH.

Hymnekc-npouecc B—UKII mmpoko pacnpocTpaHeH B MUPOBOM ITPAKTHKE.
B namueii ctpane on BHeapeH Ha 3WJle, 'A3e u npyrux 3aBongax.

OOBIYHO B KAHANBHOU Neuu He 00800am 4y2yH 00 3A0AHHO20 COCMAsa, a
HCIIOIB3YIOT €€ TOJBKO ISl YCPEAHEHHUs COCTaBa M MOJOTPEBA KUIAKOTO YyT'yHa.
[Ipucanku npu HEOOXOIUMOCTH BBOJST B IMEpeAaTOYHbIe KOBIIM WM Ha KenoO.
lna obecneuenus ycpeOnenus wy2yna no cocmagy u memnepamype 8 KaHAalbHOU
neuu HeobXoO0UMO NOCMOSHHO NOO0EPIHCUBAMb KOIUYECMB0 YYy2yHaA He MeHee 2/3
gcezo ee obvema.

Hymnekc-nporecc B—MUTII Takxke MmHUPOKO pacrpoOCTpaHEH B JIMTEHHBIX
eXax MalluHOCTPOUTEIIbHBIX 3aBO/IOB.

IIpumenenue uUHOYKYUOHHBIX MUSETbHLIX Neyell 8 Kauecmee GMOPUUHO20
azpezama yenecoobpasHo @ mex CIyuasx, Ko20a 6 meueHue cMeHvl HeoOX00UMO
NoIYYaAmsb HeCKOJIbKO MApPOK Yy2yHd, TaK KaK B ATUX Ie€Yax JIEr4ye KOPPEKTUPOBATh
COCTaB 4YyryHa IMpucagkamMu (eppocIiaBoB, KapOHOpHU3aTOPOB WM CTaIbHBIX
OTXOJOB.

Hymnekc-niporiecc UTIT — MKJI xapakTepeH TeM, YTO YyI'YH MOXET OBITh
MOJIYYeH M3 LIUXThl Ha 0a3e MEJIKOro CTajJbHOrO JIoMa U OTXOAOB B pe3yjbTaTe
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UCIIOJIb30BAHUSL  MEXHON02UUEeCKUX NpeuMywecms UHOYKYUOHHBIX MUSETbHbIX
neueu no cpasHeHuio ¢ eazpankamu. Ha BA3e npuMeHSIOT DyIIeKC-Ipouecce
NTII—MUKIJI npu npou3BOACTBE CEPOrO YyryHa. YCTAaHOBJIEHBI MHAYKIHOHHBIC
TUTEJIbHBIE TIeYM C MAcCOW CaJKu 25 T U KaHajbHas medb ¢ Maccou caaku 45 1. B
KauecTBE IIMXThl MIPUMEHSIOT OTXOJbl KY3HEUHO-IITAMIIOBOYHOTO MPOU3BOICTBA,
BO3BpAT U HEOOJBIIOE KOJWYECTBO JIMTEHHOrO yyryHa. MeTaia u3 oJHOU Mevyu B
Ipyryro mnepeaaercs mno kenoly. CpenHuid XuMHuecKuil coctaB MUXTH (B %):
2,179 C, 2,078 Si, 0,624 Mn, 0,05 S, 0,058 O, 0,184 Cr, 0,035 Sn, 0,0183 Ni,
0,089 Cu. IlnaBka mper nmpubausutenbHo 3 4. Macca Bceil caaku okoyio 26 T.
Uepes 3 u 25 muH nocne 3arpy3ku 20 T MeTajlia NepesiuBaOT B KaHAIbHYIO MEYb.
CocraB atoro uyrysa (8 %): 3,35 C, 1,97 Si, 0,61 Mn, 0,045 S, 0,05 P, 0,15 Cr,
0,038 Sn, 0,29 Ni. Hlnak mmaBku comepxkut 30—42 % Fe,05. 45—53% Si0,,
4,5—5,2 % MnO. B kxaHanbHOIl meuyn XUMHUYECKUM cocTaB uyryHa (B %) wus-
MeHnsieTca HesHauutenbHo: C ot 3,325 nmo 3,33, Si ot 1,935 1o 1,90, Mn ot 0,595
no 0,59. Ilepen 3anuBkoil 20 T MeTajUla U3 TUTEIBLHOW MEYM B KaHAJIBHOW IEUYH
MMEETCS] OCTAaTOK KUAKOIro MeTaiuia 0koJio 20 T.

Hymnekc-npouecc  HII—HUTII Takke npumensaror Ha BA3e, rne
YCTaHOBJIEHBI AYroBble Neur ¢ Maccoil caaku 40 T, B KOTOPBIX pacIliaBiseTcs
TBepAas IIMXTa, a B MHJIYKIMOHHBIX THUTEJIbHBIX MeYax METal JOBOASAT A0
HEOOXOIMMOI'0 COCTaBa M BBIICPKUBAIOT B Ipoiecce 3anuBku ¢dopm. s
BoiliaBkn CY, KY, BY wucnonb3yroTcss MMXThI, COAEpKAIM€ B OCHOBHOM
CTaJIbHBIE OTXOJbI U BO3Bpar, a Takxke 10 11 % uymkoBoro uyryna (ais CH) u
pas3nuuHbIX 100aBoK (@ C, O®MH, rpadur).

Jlsist 6o7ee MONHOro YCBOEHUS rpaduTa U KOMIIEHCAIIMU TEIUIOBBIX MOTEPb
IIpU TEpPEIMBE B TUIEIbHYIO Ileub MeTail neperpeBaercss Ha 50°C  Bblme
TeMIlepaTyp, NpPU KOTOPHIX OH BBIIAETCS M3 IE€YM B 3aJIMBOYHBIE KOBIIH.
Temneparypa neperpesa konebnercs B guanazone 1520 —1580°C.

Koppexmuposka xumuueckoco cocmaea no Kpemnuio u mapzanyy
npouzeooumcst 8 0y2080lU nedu, no yeaepody — 68000M 2cpajuma 8
MemanionpueMHuK nepeiusHo2o dicenoba npu evioave Memanid 8 UHOYKYUOHHYIO
neuyp.

Hymnekc-iporiecc  UTII—AIl npumenstor B ciaydyae HEOOXOAMMOCTH
riyookoi aecynbdypauun yyryHa. Ha ['A3e 3ToT mpoiiecc UCHONB3YIOT NpU
MIPOU3BOJICTBE KOJEHYATHIX BaJIOB M3 BBICOKOIPOYHOI'O UYT'YHa C IIAPOBUIHBIM
rpaduToM.

Ha npaxTtuke BcTpewaroTcs W Apyrue COYETaHUs IUIABWIIBHBIX arperaTtoB
NPUMEHUTENIBHO K  YCIOBUSIM  KOHKPETHOTO  mpou3BojcTBa.  OcobenHo
NePCHeKmuUBHO UCNOIb308aHUe OYNIeKC-Npoyecca OOMEHHAs neyb — 2JIeKmponeyb.
B smom cnyuae snepeemuueckue sampamol MuHumanivhsl 15].
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Jlekuus 8 Teopusi 1 TexHOJIOTMS BHENEYHOI 00pad0TKM YyryHa

1. Jdecyabpypauus 4yrynka

2. DJeKTpouuiakoBasi 00padoTka JKUAKOI0 yy2yHa
3. IlpoayBka 4yryHa razamu

4. IlpumeHeHUe PU3MUYECKUX METOTOB BO31€HCTBUA

Jlumepamypa: [2], 337-349; [4], 226-228, 233-253; [5], 169-173, 187-204; [6], 53-91.

BHeneunble MeTOApl 00pa0OTKM YyryHa IIMPOKO HCIONB3YIOT JJIA U3Me-
HEHUsI B HYKHOM HaIlpaBJICHUHM KHUIKOT'O COCTOSIHUS, CTPYKTYpPhl U CBOICTB
YyryHa B OTJIMBKAaX.

C oTOll LEenpl0 B YYryH MOCIE €ro BbIIyCKa M3 IUIABUJIIBHOTO arperara
BBOJISIT pa3inyHble JOOABKH, KOTOPHIE B3aUMOJEUCTBYIOT C paciyiaBoM. M3MmeHss
COCTaB M KOJHMYECTBO MPUCATOK, MOXKHO B LIMPOKHX Mpeaenax peryaupoBarh
CTPYKTYPY M CBOMCTBA 4yryHa. DT J00ABKM MOXHO BBOJUThH B UyT'YH Ha *kKeynoOe
IUTABWJIBHOTO arperaTta, B pa3jMBOYHOM KOBIIE, B CIELUAJIbHBIX YCTPOWCTBAX.
TemmepaTypa )KUIKOro 4yryHa J0JKHaA cocTaBisiTh MeHee 1450°C, mocKoabKy 3a
BpeMsl BHeTeYHOW 00paboTku oHa moHmkaercs Ha 40—80°C. BBoa no6aBok B
KUIOKUM YyryH MNpPOU3BOAUTCA mpu 3anosHeHuu kosBma Ha 0,15—0,20 ero
BMECTUMOCTH, YTOObI OHHM TNEPEMEIIUBAINCH CTpyeH MeTajula U PaBHOMEPHO
pacnpenensiiuchk BO Bceld Macce uyryHa. st jydiiero pacTBopeHusi 100aBKU
pa3MenpyaloT Ha Kycku pazmepom oT 0,5 nmo 10 MM B 3aBUCHMOCTH OT
TeMIiepaTypbl U Macchl 00pabdaThIBAEMOTO YyTyHa.

Jist noBeiieHus 3G ()EKTUBHOCTH BHENEYHOM OOpabOTKM HHOTIA MpH-
MEHSAIOT JOMOJHUTEIBHOE MEepeMelInBaHue (MEXaHWYeCKOe, JIEKTPOMArHUTHOE,
BUOpanMoHHoe, OapOoTarueit), KOTOpoe MIOKHO OBITh KPaTKOBPEMEHHBIM U
MHTEHCUBHBIM BO U30€KaHNE YPE3MEPHOTO OXJIAKICHHS METala.

Pacxon nmo6aBok kosebnercs B mpenenax 0,05—4,0 % wmaccel oOpaba-
ThiBaeMoro uyrysa. l1lnak, oOpasyromuiicst B pe3ysibTare BHENEYHOU 00pabOTKH,
HEO0OXOUMO YAQISTh.

Pa3nuBKy 00paboTaHHOrO MeTajjia B JIMTEHHbIE (POPMBI IPOU3BOIAT Uepe3
2—3 MuH Toclie BBeJeHUsS 00aBKH, a 3akaHuuBarT yepe3 10— 15 mMuH B
3aBUCUMOCTH OT MAcChl, BU/Ia, MAPKU YyTyHa U IPYrux GakTopos.

KoBmioBeie 100aBKM MCHOJIB3YIOT JJI PACKUCICHHS, JAecylbdypaiuu,
MOAU(PUIUPOBAHUS U MUKPOJIETUPOBAHUS KUJKOTO YyT'yHA.

Cnengyer OTMETUTBH, YTO YKa3aHHBIE MPOLECCHl MPOTEKAIOT OOBIYHO COB-
MECTHO U 4Yallle BCEro OJHOBPEMEHHO, T. €. OHHU B3aUMOCBSI3aHbl. JTOMY
CIIOCOOCTBYIOT OJaronpusiTHble KUHETUYECKHUE YCIOBUS NPOTEKAHUS peaKkIuil
(BBICOKAsl TeMIeparypa, JOCTATOYHOE 3HAYCHHE SHEPIHH aKTUBALMU, SHEPTUYHOE
nepeMelnIMBaHue  JKUJKOr0  MeTajuila) W CTOJb  JKe  OJaronpusTHbIC
TEPMOJIMHAMHMUYECKHE YCIOBUSL (BbICOKas CTENEHb XUMHUYECKOIO CpOJICTBA,
OonbIIMe  OTpULATENbHBbIE  3HAYEHHS  CBOOOJHOM  HSHEPrUM  peakiuid
B3aUMOJICHCTBUA).
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BBeneHue B KUMKW METAI Pa3jM4yHbIX NPUCAZAOK BBI3BIBAET IMOSBICHUE
CUJI XUMHUYECKOH CBSI3M MEXKAY KATHOHAMU DJIEKTPOIIOJI0KUTENBHBIX JJIEMEHTOB U
aHUOHAMM KHUCJIOPOJA, CEpBl, a30Ta, BOAOPOJA M YIVIEPOJA, PACTBOPECHHBIX B
MeTaiie. B pe3ynbpraTe XMMHUYECKOTO B3aWMOJEUCTBUS MPUCAAOK C MPUMECSIMHU
yyryHa (1 cTajiu) 00pa3yroTcsi OKCUABL, CyIb(uabl, HUTPUIbI U KapOUIbI.

Jecynbdypanus 4yyrysa

Hecynbdypaliio 4yryHa OCYILECTBISIOT C TIOMOUIIBIO COJbI, H3BECTH,
KapOuaa KajablHs, a TAK)KEe MarHus ¥ ero CIijIaBoB.

OO6paboTka 4yryHa coaoil M3JaBHA MPUMEHSETCS HAa METALUTyPIMUECKUX U
MalIMHOCTPOUTENbHBIX 3aBojax. lcmonb3oBanue cojbl OOYCIOBIMBAETCA, B
OCHOBHOM, CJEAyIOIUMU (akTopaMu: MPU BBICOKUX TeMmIeparypax KapOoHaT
HATpHsl pas3iaraercs, 0Opa3yroIIMiics OKCUJT HAaTPUsl UMEET BBICOKOE XUMHUYECKOE
CPOJICTBO K cepe; Onarojapsi HU3KOW TeMIlepaType IUIaBI€HUS COJla B KOHTAKTE C
YYyIr'yHOM  pPAcCIUIaBIISE€TCS,  CTAHOBUTCA  Oojiee  PEaKIMOHHO-CIIOCOOHOM;
BBIJICNIAIONIMECS] TPU 3TOM Ta3bl CIOCOOCTBYIOT IMEPEMEUIMBAHUIO METajja Co
[IUIAKOM; CTOMMOCTb COJbI OTHOCUTEJIBHO HeBbicoka. Coja mIaBUTCA MNpHU
temneparype 852°C u 3aTeM BOCCTaHABJIMBAETCS 10 METAJNIMYECKOrO HATpHs,
Temriepatypa miasieHusi koroporo 80°C. Jlecynbdy-panus coloi MpaKkTUUYECKU
3aKaHYMBAETCS B TOT MOMEHT, KOT/la HAUMHAETCSd UHTEHCUBHOE 00pa30BaHMe JIbIMa
B pe3yibTaTe BOCCTAHOBIIEHUS HATpUs M CropaHuss ero B arMocdepe.
OTHOCHUTENbHOE KOJMYECTBO HCHAPAIONIETOCS HATpUs 3aBUCUT OT TEMIIEpPaTyphl
KUJKOTO YyryHa. YCTaHOBJEHO, UTO JeCylb(ypainus COA0H MPOUCXOAUT TEM
JydIie, 4YeM HUXKe TeMIeparypa 4yryHa.

[Ipu necynbdypannu cogoi NPOTEKAIOT CIAEAYIOLINE PEAKIIUU:

(Na,COs3) + [Fe] = (Na,O) + (FeO) + CO; (6.1)
(Na;0) + [FeS] = (Na,S) + (FeO); (6.2)
(Na,0O) + (MnS) -> (Na,S) + (MnO). (6.3)

[Ipu 06paboTke comoii oopazyercs Takxke SO,:
(NayS) + (FeO-SiO,) + 2 (FeO) = (Na,0-Si0,) + 3 [Fe] + SO,. (6.4)
O6paszyromuecs razsl (CO u SO,) 0apOOTHPYIOT YyryH, 4TO OOJierdaeT
OYHUCTKY €r0 OT ra30B M HEMETANTMYSCKUX BKITFOUCHUH.
[Ilmak oOpa3yercss oudeHb kuAKUH. C IENbI0 3aryCTCHHS IIIaKa MeETalll
MPUCHITIAIOT CBEPXY IECKOM, B TPOTHBHOM CJIy4dae cepa MOXET H3 IIjlaKa
MEPEXOUTh OOPATHO B UYT'YH M0 PEAKIIHSIM:

(Na,S) + (S10;) + (FeO) = (Na,'Si0,) + [FeS]; (6.5)

(Na,S) + (S10;) + (MnO) = (Na,0-Si0;) + (MnS); (6.6)

Kpemuesewm, coneprkaiuiicst B muiake, CHIKaeT 3(pheKTUBHOCTh 00paboTKu:
(Na2C03) + (SlOz) = (NaQSiO3) + CO. (67)

[loatoMy mipu pgecynbdypanuu comoi cieayer uzderarb oOpa3oBaHUs
KHCJIOTO ITaKa, a TaKXe MPUMEHEHUs KOBIIeH ¢ kucioi ¢yrepoBkoit. [Iporecc
necynb(dypaly CONpoBOXKAAECTCS CHUKEHUEM TeMiiepaTypbl uyryna Ha 40—50°C
U COAepKaHUs KpeMHus, a MHOrAa u yrieponaa. Pacxoa coabl Ha o0pabOTKy
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YyryHa 3aBUCHUT OT COJIEp>KaHMs Cepbl B Uyr'yHE W cOCTaBisieT 5S—8 kr Ha 1 T
KUJKOTO METaJljla, TP 3TOM CTEINEeHb MCIOJIb30BaHMs COJIbI Ha CBSI3bIBAaHUE W
yaajeHue cepsl He TpeBbiaeT 15 %.

Hapsiny ¢ TmOJOXUTETbHBIMU CTOPOHAMH HCIIOJIB30BaHUE COJNBI IS
necynb(dypali MMeeT psAJl CYUIECTBEHHBIX HEJIOCTAaTKOB, a HMMEHHO: TI1yOMHa
paduHupoBaHusi orpannuuBaerca npumepHo 0,02 % S; npu o6paboTke dyryHa
COJIOM B KOBIUIE WJIU Ha 5KeJI00€ BbIIENsAETCS OOJBIIOE KOJIMYECTBO BPEIHBIX ra30B
U TIBUIM, YTO 3arpsA3HSAET OKPY’KAIOLIYIO CPEAy M yXyIIIaeT YCIOBUS TPYHa; CPOK
Ciy>kObl ()yTEpOBKM KOBLIEH CHUXKAETCS BCJIEACTBHE B3aUMOJEHCTBUS COIOBOIO
nutaka ¢ (QyrepoBkoit koBmia, koddduiuent Hcmonb3oBanus Na,CO; HHU30K,
CTaOMJIBHOCTH IIpOLiecca HEJOCTAaTOYHA.

N3BecTh OTHOCUTCA K TPAJAUIIMOHHBIM pEareHTaMm, MNPUMEHSEMBIM IS
oOpabotku uyryHa. [lpu necynbdypauuu H3BECTbIO MPOTEKAIOT CIEAYIOIINE
peakiuu:

(Ca0) + [FeS] + [C] = (CaS) + [Fe] + CO; (6.8)
3 (Ca0) + 2 (FeS) + [Si] -> 2 (CaS) + 2 [Fe] + (CaSiO3). (6.9)

OTU peaKlUH SBISIOTCS IHAOTEPMHYECKUMHU U TaKXKE€ MPUBOMASIT K CHU-
KEHUIO TemrepaTypbl uyryHa. s necynbdypaiuu HEoOXOIMMO OOeCreuuThb
JIOCTATOYHBIA KOHTAaKT MEXIY HU3BECTbI0O M YYryHOM. I3BECTHO HECKOJIBKO
CIOCOOOB BBOJAa TOHKOM3MEIBYEHHOM M3BECTH, OOECIEYMBAIOIIMX JTYUIIHM
KOHTaKT €€ TBEpIbIX YaCTHUIl C PacIUlaBOM, a TaKke Haubojee OJaronpusiTHbie
TEPMOJMHAMHUYECKUE YCIOBHS ISl TMPOTEKAHUS pEeaKIUd B3aUMOJICHCTBHS C
KOMIIOHEHTaMU 4YyryHa Hampumep, dYyryH mepeMemuBalOT C HU3BECTHIO BO
BpalIalOMMUXCs KOBIIaX WIM MEXaHUUYECKUMH MEIIaJIKaMU, WA TIPOyBKOM BaHHBI
razoM. B kadecTBe rasza-HOCHUTENSI TMPUMEHSIOT KaK CXaTbld BO3AYX, TaK U
IIPUPOAHBIN Ira3—as3oT.

Hcnons3yroT Takxke cmech u3BecTH ¢ cojaou (okosio 20%) wiam e rma-
BukoBbIM mmmatoM (10 %). Pacxon uzBectu cocrtaBisier 6—12 kr Ha 1 T yyryHa.
Koaddumment ucnonb3oBanus ecyibpyparopa Ha CBIA3bIBAaHUE U YIAAJICHHUE CEPbI
He npeBbIimaet 4—=38 %.

KapOua kanbumsi mMeEeT BBICOKOE XMMHUYECKOE CpOACTBO K cepe. Ero
B3aUMOJICHCTBHUE C PACTBOPEHHOM B YyTr'yHE CEpOI OMHUCHIBAIOT PEAKIIUSIMMU:

(CaCy) + (FeS) + 2 (FeO) = (CaS) + 2 CO + 3 [Fe]; (6.10)
(CaCy) + (MnS) + 2 (MnO) = (CaS) + 2 CO + 3 [Mn]. 6.11)

HpI/I BBCACHUU Kap61/ma KaJIbIIUA B I'IYI“YH MOXKCT HepeXOI[I/ITB yrﬂepoz[a
(CaCs) + [FeS] = (CaS) + [Fe] + 2[C]. (6.12)

[Ipu necynbdypanuy KapOUIOM KajbliMs CHHXKEHUE TeMIepaTypbl 4yryHa
He3HauuTenpHO. HaOmromaeTcst BblIE/IEHHE Ta30B U HEOONbIINE W3MEHEHUs
COJEp)KaHUs yIriepoJa M KpeMHus. PaBHOBECHOE COJEp)KaHUE CEpbl IpH
TeMIIepaTypax KHAKOTO YyryHa upesBbryaitno Huskoe (1,6 107 % mpu 1250°C).
CrnenoBaTenbHO, MMEIOTCS OJIArONPUATHBIE TEPMOJMHAMUYECKHE YCIOBHUS IS
MPOTEKAHUS PEAKIIUN MEXIAY PACTBOPEHHON B UyT'yHE CEPOM U KapOUIOM KaJbIIHs.
OnHako KHHETHYECKHE YCIOBUS B3aMMOJCHCTBUS TBEPIbIX YacTUIl KapOuja
KaJlbllMsl C Cepod 3aBHUCAT OT MHOTMX (DaKTOpOB M B IMEPBYIO oOuepeab OT
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oOecrieyeHusi JOCTaTOYHO PAa3BUTON MOBEPXHOCTUM KOHTakTa. M3BECTHO, YTO
peakuus ¢ cepol MOXET MPOTEKaTh TOJIBKO HAa MOBEPXHOCTHU YacTHUI] KapOuia
Kanbuus, Tudy3us sxe cepsl B r1y0b TBEPOM YaCTUIBI — MEJIEHHBIN Mpolecc.

[lonydeHHBI NUIAK SBISETCA TBEPABIM M XPYIKHUM, JIETKO YIAIAETCS C
MOBEPXHOCTH UyI'yHa U HE pearupyet ¢ pyrepoBkoi kopmeid. OgHako TpedyeTcs
NoBbIILIEHHAs Temneparypa uyryHa (go 1500°C), uHTEHCMBHOE NEepeMelInBaHue
KHUJIKOTO METallla U TIATENIbHOE U3MeIbueHre kapouaa kaiabius. C yBenuyeHueM
MPOJIOJKUTENBHOCTY TEPEMEIIMBAHNUS U yYMEHblIIEHMeM pa3zMepa uactul CaC,
MOBBIIIAETCS CTENEHb JeCyb(ypanuu.

Jlist BBoJla B UyryH kapOuja KajdblUs NMPUMEHSIOT MH)XEKTUPOBAHHE B CTpYe
CKATOro ra3a WiM 3arpy3Ky IOpOIIKa Ha MOBEPXHOCTh METAJIA C MOCIEAYIOIHUM
nepemMemiBaHueM. BoO3MOXHO  HcCMOJb30BaHME  KapOuaa  Kaimblusd A
naecynbdypalui B UHAYKIUOHHBIX 3JIEKTpOIeYax MPOMBINUIEHHOW 4YacTOTHI, Te
MMEETCSl CWIBHOE JJIEKTPOMAarHUTHOE IEpEMEIINBAHUE. Y AENbHBIA Pacxoj
KapOuJa KajblMs pa3jiMueH; OH 3aBHCHUT OT COJEp)KaHHUs Cepbl, crocobda BBOJA,
CPEACTB IEpEeMEIIMBaHUs M KadecTBa pearcHTa. Jlmarpamma i onpeneneHust
pacxona kapOuja Kajablus Npu AecyiabGypaluu B UHIYKIMOHHBIX 3JIEKTporedyax
IpuBeJieHa Ha puc. 6.1.
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KapOun kanpiust (B OTIMYME OT M3BECTH W COJABI) JAae€T BO3MOXXHOCTH
rIyOOKOH Jecynbypaiuu 4yryHa.

K HemoctatkaM mporiecca OTHOCSITCSA 3arpsi3HCHHE OKPYXKaoIIeH Cpeabl
aleTUIICHOM, BBIJICIISIONIMMCS TIPU B3aUMOJIEHCTBUM KOBIIIOBBIX IIIJIAKOB C BJIATOH,
3HAYUTENILHOE KOJUYECTBO OOPa3yIOMIMXCS MIJIAKOB U OOJBIINE MOTEPU MeTasuia ¢
HuMH. Kpome Toro, NTUTEHHBIM KapOuWJ KajbIlMs BBIMTYCKACTCS B OTPaHUYCHHOM
ooBeMe.

[ToMuMO yKa3zaHHBIX MAaTEPHUAIOB ISl ACCYIbpypalliyu YyryHa MPUMEHSIOT
uHorjaa OpukeThl, cocrosiume u3 Na,CO;, CaF,, CaC,, CaO. B stom ciyuae
Hapsiy C paHee MPUBEAECHHBIMU PEAKITUSIMHI MOXKET MPOTEKATh PEaKIIUs

3 (CaF;) + 4 [FeS] =3 (CaS) + SF¢ + 4 [Fe]. (6.13)

Crenenp necynbypanuu STUMH pearecHTaMHU TEM BbIIIe, YeM OOJbIIe
KOHTaKTHasi MOBEPXHOCTh MEXJIY pearecHTaMM M METajuIoM, T. €. YeM MEHbIIe
YaCTHUIIbl peareHTa, TeM UHTEHCUBHEE €ro MePEeMEIINBaHUE C METAJIOM.
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DJIeKTPOLULIAKOBAs 00PA0d0TKA KUIAKOT0 UYy2yHA

OO6paboTKy JKHMJIKOTO YyryHa HUIAKOM OCYILECTBIAIOT B CHEHUATbHBIX
YCTAaHOBKAaxX C ILEJbl0 yhaneHus ¢ocdopa sl JOMOJHUTEIBLHOTO TEperpesa, a
TaKKe U1 3JEKTPOLUIAKOBOIO IeperiaBa 4yryHa. CXeMbl 3JIEKTPOILIIAKOBBIX
neveit 1 00paboTku dyr'yHa NPUBE/ICHbI Ha pI/IC 6.3.

Puc. ©.3. CxeMui szaexTpomwsakueoll o6paboykk uylyHa:

1, 6 — B KONEA:HEMKE; 6 — ORHOWHA3HAN OCYb; & — OUpHARpHAHA [1edE
? — tpexda3nas 5nEKTPOWNAKOBAY NEdb

Bo Bcex ycTaHOBKax HMEIOTCS TOKOIMOABOASINUE 3JIEKTpoAbl 1, Haxo-
AsUIMecss B KOHTAKT€ CO IUIAKOBOM BaHHOW 2, pAcMOJIOKEHHON Haja pacrijiaB-
JICHHBIM MeTaIoM 3. DIEeKTPUUECKUH TOK MPOXOJUT Yepe3 IUIAK, pa3orpeBaet
ero 10 1700—1800 °C u meperpeBaeT MeTall 10 BbICOKUX Temmepatyp (1500—
1550 °C).

Pacxon anextposnepruu miis neperpesa uyyryna Ha 100°C cocTaBiseT 0KoJio
50—60 kBt uw/t (18 107 Jix/1). ITo pacxoay SHEPIHH BIEKTPOILIAKOBBIC MEUH
M0I00HBI B IAHHOM CIIy4ae 3JIEKTPOAYTOBBIM MedaM, MOCKOIbKY TeIUIOBbIE TOTEPU
OT MeTajlla K CBOJY M B OKpYXKAlOIIyI0 Cpeay MeHblIe Onarogaps 3auiuTe
MOBEPXHOCTH METAILJIA IIJIAKOM.

[leperpeTslii HTaK MpeCTaBISET COOON aKTUBHYIO METAILTYpriuuecKyto a3y,
KOTOpasi B 3aBUCUMOCTH OT COCTaBa M (PU3NYECKUX CBOWCTB B3aUMOJEHUCTBYET C
METaJIOM, T. €. MO0 yJaJiieT U3 Hero T€ WM UHBIE 3JIEMEHTHI, 100, HA00OpOT,
MEepPEeBOAUT UX M3 IuIaka B MeTaul. OOBIMHO MPUMEHSIOT CTaHAAPTHBIE (DIIFOCHI
AH®-6, AHD-9, AH®-29, cMecu U3 U3BECTHU, M3BECTHSAKA, IJIABUKOBOIO IIIATa,
0051, BBICOKOTJIMHO3EMHUCTBIX OTHEYIOPOB W TpaduTa ¢ pa3IUUHBIM COYETAHHUEM
coctapisitonux. [lnaku comepxar 10—60 % CaO; 20—80 % CaF,; 10—55 %
AL O3; 6—40 % SiO,; 6— 20 % MgO; 10—40 % MnO; 2—30 % FeO; 10—20 %
C. DneKTponpoBOAUMOCTS IIIaKa T0kHA cocTaBisATh 200—400 OMm M.

[Ipu snekTponuiakoBoii 00pabOTKE YyryHa MOXHO CYIIECTBEHHO YMEHb-
UTh cojaepkanue cepbl U ¢ochopa (Ha 60—95 %), HeMeETaITMYECKUX
BmtoueHni (Ha 40—55 %) um razo (ma 20—50 %), npous3BOAUTH Ha-
yIIepoXUBaHUE YyTyHa U BOCCTAHOBJICHUE U3 IIIJJaKa KPEMHHUS U Maprasiia.
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I/IHOI‘IIa MMPUMCHAIOT 06pa60TI<y 9yIr'yHa CUHTCTHYCCKHMU IIJIAKaMHU B KOBIIC

WA B TUTJIC MJIABUJILHOM INe4YH, OAHAKO PE3YJIbTAThl IIOJIYHAOTCA XYIKC, YCM IIpU
3JICKTpOHIJIaKOB0ﬁ 06pa60TI<e, IMOCKOJIbKY IIJIaK IIEPETPCBACTCA HCAOCTATOYHO.

N

9.

Bonpocel 1151 cCaMOKOHTP OIS

. YCTpPOUCTBO, TNPUHLMII  JEUCTBUA  KOKCOBOM  BarpaHku. IIpoueccsl,

IMPOTCKAIIUC B PA3JIMYHBIX 30HAX BaIpaHKU.

. TexHonorus BbIIJIaBKU 9yr'yHa B AYT'OBBIX J3JICKTpOIICYAX. OcHOBHEBIE (1)I/IBI/IKO-

XUMHUYCCKHUC IMPOLCCChI, IIPOTCKAOIIUC B IICUU.

. TexHoJiorusi BbIILIaBKH 9yryHa B HHHYKHHOHHOﬁ TUrenbHOM neur. OCHOBHBIC

(1)I/ISI/IKO-XI/IMI/I‘I6CKI/Ie IMPpOHECCChI, IIPOTCKAIOIINC B IICUU.

. TexHonorus BBIIIJIABKU dyryHa B INIAaMCHHBIX IICYadX. OcHOBHBIC (1)I/I?>I/IKO-

XUMHUYCCKHUC IMPOLCCChI, IIPOTCKAOIIUC B IICUU.

. BoimmaBka uyryna nymiekc-npouecoM. OcobeHHoctu mnporecca. OCHOBHBIE

(bU3UKO-XMMHUYECKHUE TMpoIlecChl, NpoTekatoue B mneud. [IpemmyiiectBa u
HEJI0OCTATKH JTAaHHOT'O CII0CO0a MONYYeHUs KUAKOTO YyT'yHa.

. OcobeHHOCTH Iponecca MOAU(GUIIMPOBAHUS CEPOTO UyT'yHa.
. OcobenHoctu nporecca MOAUGUIMPOBAHUS MPU MOJTYYEHUH BBICOKOMPOYHOTO

YyryHa C IIAPOBUIHBIM I'paUTOM.

. OcobenHoctu nporecca MOAUGPUIMPOBAHUS MPU MOJTYYEHUH BBICOKOMPOYHOTO

YyryHa ¢ BEpMUKYJISPHBIM rpaduToM.
TexHonornueckue OCOOEHHOCTH IIpollecca JIETUPOBAHUA TMpPU MOJYyYECHUH
JIETUPOBAHHBIX YYT'YHOB.

10. BakyyMHasi 1 aproHHO-KUCJIOPOIHAs 00paboTKa KUAKOTO UYT'yHa.
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