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Passutne TexHonormu pa3nnmBkn Ctasanm B CINTKU

a3BUTHE SHEPIeTUYECKOTO MAILIMHOCTPOSHMS] U TOBBI-
PLLICHMe €IMHUYHON MOLIHOCTH 3HEProbJIOKOB TpebyeT
OCBOEHMST TPOM3BOICTBA MOKOBOK Maccoit 10 400—500 T, mo-
JIy4aeMbIX M3 CIUTKOB Maccoii 10 600 T M3 BBICOKOYMCTHIX
MapoK CTaJli, YacTO CJIOXKHOH KOMITO3ULIMH.

BaxHbIM 3Tanom, onpeaessiounM XapaKTepUCTUKH Ka-
YECTBA TAKUX CIUTKOB, SIBISIETCS] TEXHOMOTHSI CAMOM PasnB-
ku. OHa NoXKHA 06eCcreYnBaTh COXPAHEHUE U MIPH BO3MOX-
HOCTU — MOBBILIEHUE JOCTUTHYTO Ha TPEIBIAYLIMX STanax
nepenena CTelneH! YUCTOThI METAJUIMYECKOro paciuiasa. [1pu
3TOM, HECMOTPSl Ha TO YTO BO3MOXHOCTH padMHUpPOBAHHUS
METaJjljia B MPOLECCe Pa3IMBKK CYLIECTBEHHO OTPaHWYEHHBI,
NIPUMEHEHNE ONPENENEHHBIX TEXHOJIIOTHYECKMX U KOHCTPYK-
THBHBIX DELIEHUH Ha 3TOM 3Tame MOXeT ObITh OYeHb (-
(DEKTUBHBIM U CTIOCOGHBIM B 3HAYMMOW CTETIEHH TTOBBICHUTH
XapaKTepUCTUKM KayecTBa TOTOBOI METaJIONPOAYKLIMH.

MHorokoBlueBas pasnueka

OIHNM M3 TOBCEMECTHO MPUMEHSEMbIX NP OTIMBKE
KPYITHBIX CIUTKOB TEXHONOTUYECKUX NPUEMOB SIBIISIETCS TaK
Ha3bIBaeMasi MHOTOKOBLIEBAs pa3iuBKa. Takoil mpuem siB-
JIsIeTCsl 00513aTeNBHBIM TIPU OTJIMBKE CJIMTKOB, MAcca KOTO-
PBIX IPEBBILIACT €AUHUYHYIO MAKCUMATBHYIO EMKOCTh HME-
IOLUMXCST HA TIPEANPUSATAN PA3TMBOYHBIX KOBILIEH.

IMpy MoKO6HOM €rIOCOGEe Pa3IMBKK B COCTAaBE LEXOBOTO
000pYIOBaH¥s JOKEH MPUCYTCTBOBATH MOBOPOTHBIN CTEHI
(puc. 1) ¢ MPOMEXYTOYHBIM KOBLIOM, MPUYEM CTEHI Xe-
JIATEIBHO OCHALIATH MOXBEMHO-MOBOPOTHBIM MEXAHU3MOM
ISt OGeCTIeYeH s BO3BMOXHOCTH CMEHBI KOBLUEH 1 ObJierye-
HUSI KPETUIEHHS] CHCTEMBI 3aLIUThl METAIa OT BTOPUYHOTO
OKMCJICHHUSI TIPH TTePETBE U3 PA3TMBOYHOTO KOBIIA B IPOME-
KYTOYHBIA KoBuI. Kpome TOro, mpu Takoii cxeMe pasiuBKU
MOCIIeIOBATETBHOCTD TTOa4M KOBLUEH LENECOOOPasHO CBsi-
3bIBaTh C COAEP>KAHMEM YIJIepola M MOJIMOLEHA B MeTalIe:
TIEPBBIMU HA PA3IUBKY CJEyeT HATPAB/sATh KOBLIU C BBICO-
KHM COZEPKAHUEM 3THUX 3JIEMEHTOB, a MOCIENYIOIMMH —

Puc. 1. Cxema nogbeMHO-NOBOPOTHOTO CTeHAA

C TIOHMXEHHBIM. [TONOOHBI TEXHOIOTMYECKUI MTPUEM TTO3-
BOJISIET CHU3MTh 30HAJIBHYIO JIMKBALIMIO MO BBICOTE CIIUTKA.
ConepxaHue yriaepoga B MeTaule MepBOro KOBIIA TOJKHO
6bITh B mpenenax ot 1,1 go 1,6 ot cpemHe3amaHHOTO comep-
JKaHUS yriaepona B ciutke; B nocienHemM — ot 0,4 no 0,9
OT CpeHe3aqaHHOTO.

H3meneHune coaepxaHusi MONUGIEHA B KAXIOW TTOPLUN
MeTaJljia pacCYMTHIBAETCSI KAK Pa3HOCTb CO CPeHe3alaHHbIM
U 3aBHUCUT OT AHAJIOTUYHOW PAa3HOCTU COAEPXKAHUSI yriepona
B IaHHOM KOBILIE:

A[Mo] = (1,3...1,5) - A[C], 1)

rae A[Mo] — u3MeHeHue comepxauus MmonubaeHa, %;
A[C] — usmenenue conepxauus yrnepona, %.
KOppeKTMPOBKY conepXaHus MOIMGIEHA TP U3MEHe-
HUM COLEPXaHMs YIepoa CIEyeT TPOBOMUTH C LENBIO
obecreyeH st 3aJaHHbIX POYHOCTHBIX CBOMCTB.

OonTumMusauus reoMeTpum CJIMTKOB

Vi3MeHeHue reoMeTpUM CIMTKOB MO3BOJIsiET 3(DhEKTHB-
HO YNpaB/sITh MapamMeTpaMu UX XMMHYECKOW, (U3NYECKOiA
U CTPYKTYPHO# HeomHopoaHocTH. OIHAKO BBHAY B3aUMO-
MPOTUBOMNOJIOXXHOTO BIUSIHUSI U3MEHEHUsI TEOMETPUU CITUT-
Ka Ha 3TH XapaKTePUCTUKHU BOMPOC ONTUMMU3ALMU TEOMETPUU
CJIUTKOB SIBJISIETCS] IOCTATOYHO CIOXHBIM M TPeByeT mpopa-
GOTKM B KaXIOM KOHKPETHOM ciydae. Tak, Hanpumep, IUist
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Puc. 2. BavsHue reomeTpum CanTka Ha XxapakTepucTUKN ero CTPYKTYPHOI, GU3NHECKOR 1 XMMUYECKO HEOAHOPOAHOCTH

M3eJIMI TUIA Bajl TPEOYIOTCS CIMTKHU, B KOTOPBIX rapaH-
TUPOBAHHO MCKJIIOYEHA 30HA OCEBOW PBIXIOCTH, MOITOMY
TaKue CJIMTKHU JOJKHBI UMeTh 3HaueHue H/JI, 6auskoe K 1,
WM yBEJIMYEHHYIO KOHYCHOCTb. B ciuTKax, npepHa3HaueH-
HBIX [UIs OJIBIX M3AEIHil (0Geyaiiku, TpyGbl, KOJIbLA U T.T1.)
NIOTTYCKAETCsl HAJIMYKMe 30HBI OCEBOW PBIXJIOCTH ONpeneNeH-
HBIX Pa3MepOB, MO3TOMY C LEJIbIO 00eCIeYeHUs UX OOJbLLIei
XUMUYECKOH ONHOPOINHOCTU TAKUE CIUTKHM JOJKHBI UMETh
Gonbuiee 3HayeHHe H//l M MEHbIIYI0 KOHYCHOCTb. MeTon
ONTUMU3ALIMN T€OMETPUU CIIUTKOB OBUT TPEITOXEH B pa-
6ote [5], rae ¢ mMOMOLIBIO OGOGIIEHUS 3KCIEPUMEHTANb-
HOTO OIbITa ¥ MPUMEHEHHs] KOMITBIOTEPHOTO MOJIEeIMpPOBa-
HUSI ObUIM Pa3pabOTaHbl TEXHOJOTMYECKUE DPEKOMEHIALMU
MUHUMM3aLMHA XUMUYECKOM, (DU3MYECKO M CTPYKTYPHOM
HEOIHOPOJHOCTEN.

Tpumep MOJTYyYEHHBIX C MOMOILLBIO JaHHOTO METOona 3a-
BHCHMOCTEH, HA OCHOBAHUM KOTOPBIX MOXET ObITh ONTUMMU-
3MpPOBaHA TEOMETPHS CJIUTKOB, NPEACTABIEH Ha puc. 2.

Hanuyue nomnoOHoi wH(OpMauuu MO3BOMSET Ooyee
TOYHO U Gojiee BOCMPOM3BOAMMO OOECHeyrBaTh 3alaHHbIE
3HAYEHUS] XapaKTePUCTUK KAayecTBa CIUTKOB.

Mpon3BoACTBO MOJbIX CAUTKOB

B HacrosiIee BpeMsi MUPOBBIE TPOM3BOAUTENH 06OPYI0-
BaHUsI JUISl MAIIMHOCTPOGHUS Bce GoJiblilee BHUMAHKeE yje-
JISTIOT BOTPOCY OCBOEHMUSI TIPOU3BOACTBA MOJIbIX CIUTKOB MJIsI
W3rOTOBJIEHUS! TTOJIBIX OCECHMMETPUYHBIX u3zenauii [1-3].
HWcronb30oBaHMe MOMBIX CIUTKOB JUISI IPOM3BOACTBA TAKMX
u3nenuil, Kak obeyaiiku, TpyObl M KOJIbLIA, UMEET psil 00-
LIeNMPU3HAHHBIX MPEUMYILECTB: YMEHBLICHHE MACChl CIIUT-
Ka Ha 5-10%; 3HaYMTEJIbHOE YNpPOILUEHUE MpOoLecca KOBKU
3a CYeT UCKITIOYEHUSI HECKOJIBKUX TEXHOJIOTMYECKUX ITANOB
(puc. 3); yMeHblIeHHe pacxoa TOIUMBA [4]. MeHbLuwmii o-
TIepeYHBIii pa3Mep 3aTBEPAEBAEMOrO CEYEeHMsl, XapaKTePHBIi
IUISI TIOJIBIX CJIUTKOB, OOYC/IABIMBAET MEHBIIYIO MPOLOJIKU-
TEJIBHOCTb MX 3aTBEPICBAHYs U, COOTBETCTBEHHO, GOsIee auc-
MEPCHYIO Y OIHOPORHYIO CTPYKTYPY M XMMMYECKHIl COCTaB
(puc. 4). CiieacTBreM 3TOro, B CBOIO OYEPELb, SBISAIOTCS 110~
BBILIEHHUE CTAOMIBHOCTH CBOMCTB MOKOBKM M YMEHbIIEHUE
CTeNeH! YKOBa, 0OECTeYMBaIOLIEeH 3a0aHHble 3HAUYCHWsT Me-
XaHWUYECKUX CBOWCTB.

OnHaKo MPOU3BOIACTBO MOJMBIX CIUTKOB CBSI3aHO C PSIIOM
TEXHOJNIOTUYECKUX TPYAHOCTEH, CpPeay KOTOPBIX GOJbLiasi

CJIOXXHOCTb BBITIOJIHEHMSI BEPTUKAIBHOW HANpPaBIEHHOCTU 3a-
TBEpPAEBAHMUS, HEOOXOAUMOCTb OpPraHU3alMi CUMMETPUYHO-
CTH 3aTBEpEBaHUSI B TOPU3OHTAIbHOM HampaBleHUH, obec-
MeyeHus! CBOOOLHOTO yAAJIeHUs! CTEPXXHSI TMPU pa3leBaHUU
cnutka U ap. CTOMMOCTb 3KCNIEPUMEHTAIBHOM pa3paboTKu
U OTPAOOTKMU TEXHOJIOTUYECKUX TIPUEMOB, 00ECTIEYMBAIOLLIUX
BBITOJIHEHUE TIEPEYMCIIEHHBIX YCIOBUIA, COMOCTaBUMA C 3¢~
¢exToM OT BHEIPEHUS! MPOM3BOACTBA MOJBIX CIUTKOB IS

Cantox

buanernposka

Orrsizkka npuobLIH
noa narpoH ONpaBkH

Ocanka

Ipowmska

[TpoTsxka

Joe de=

Packarka

v
=

a 0

Puc. 3. CpaBHeHune TEXHONOrnii Npon3BoAcTBa obeyarkn
¥3 CcriowWwHoro (a) u nonoro (6) cnMTKoOB
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Puc. 4. CpaBHeHve pacnpefeneHus yrneposa B nojiomM cnmrke
Maccoit 126 T (MyHKTUPHAas JIMHKS) 1 B CMJIOLWHOM Maccom 142 T
(cnnowHas nuHns)

Puc. 5. PasnueoyHas ocHacTtka ans
NoJly4eHUst NOJIOro CAUTKA B M3JIOXHULE
C MeTaIM4ECKUM CTEPXHEM

MEJIKOCEPHITHOTO TIPOU3BOACTBA, MO3TOMY Pa3paboTKy CTOJb
CIIOXKHOM TEXHOJIOTUM LIeJIECO0OPAa3HO MPOBOAUTH C NMPUME-
HEHUEM KOMITBIOTEPHOTO MOIETMUPOBaH|sl. DTO GbLIO CIETaHO
B OAO HITO «ITHUUTMAILL» ¢ ucrnonb30BaHUEM ONUCaH-
Horo B padote [5] metona. Bbutu paccMOTPeHbI HECKONBKO
BAPUAHTOB OTJIMBKU MOJIbIX CIUTKOB:

® B IIECYaHO-IIMHUCTYIO GOPMY C KEPAMUYECKUM CTEPXKHEM;

© B M3JIOXHUIY C KEPAMHYECKUM CTEPKHEM;

© B M3JIOXHMUILY C METAJUINYECKUM CTEPXKHEM;

® B U3JIOXHUILY C yCOBEPIIEHCTBOBAHHBIM METAJLINYECKUM
CTepPKHEM.

. BbI IpoBeieH aHaIM3 XUMUYECKOM, CTPYKTYPHOI 1 pu-
3MYECKOW HEOTHOPOAHOCTH CIMTKOB, MOJYYEHHBIX MO KaX-
JIOMY M3 TEXHOJIOTUYECKUX BADUAHTOB, BBISIBIEHO ONTHMAlb-
HOE pelleHHe U COCTABIEHbl TEXHONIOTMYECKNE PEKOMEH A~
LMY [IPOM3BO/ICTBA.

BakyymupoBaHue B cTpye

MerTon pasiMBKM B BaKyyMe NPUMEHSIOT MpeuMyLlie-
CTBEHHO TpPU OTIMBKE KPYMHBIX CIUTKOB. OH TO3BOJSET,
npexne Bcero, pahuHUPOBaTH METALT OT BOAOPOJA U HMC-
KJTIOYUTh BO3MOXKHOCTb BTOPUYHOTO OKUCJIEHUS METAJINYe-
CKOTO pacIiaBa KMCIOpPOZOM aTMmocdepsl. Ilepen apyrumu
croco6aMy BAaKyyMHPOBAHUSI METOA MMEET SIBHOE MPEUMY-
LIECTBO, 3aKJTI0YAIOLIEeCs B OTCYTCTBUM (heppoCTaTHIECKOrO
JiaBJieHus], 4TO, B CBOIO OYepeb, o0yciaBnpaet bonee Oia-
TOTIPHSITHBIE YCJIOBMSI UIS IeTa3aLiuy.

DTOT METOH MOXET ObITh MHTEHCU(DULMPOBAH IMyTEM
BIYBaHWs B CTPYIO MeTaUla WHEPTHOTO Ta3a yepes Io-
JIBIA CTOTIOP MJIM TOPUCTBIE BCTaBKM B IIMOEPHOM 3aCIOH-
ke. IMopoGHbIii MeTon ObUT peann3oBaH B KommaHun JSW
(SInonus) [7]. Anst cnuTkoB maccoit 200 T nMpomyBKa apro-
HOM TMPOBOIMJIACH YePEe3 CTONOP B MPOMEXYTOYHOM KOBILE,
YTO TMPHMBOOMJIO K CHUKEHUIO CPEIHEro COAepXaHWs BO-
nopona Ha 24% (Bemuunna [H] Gbuta ymeHsinena ¢ 0,75
o 0,57 ppm).‘ W3MeHeHWe CpeiHero comepXXaHusi BOLOPO-
a B MeTajlle, BbIMIaBiaseMoM Ha JSW Mo TpaauLMOHHOM
Y OTMCHIBAEMOIi TEXHOJOTUSM, TPEACTABIEHO Ha PUC. 6.

1.5 e .
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8.1.2 e T e
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Puc. 6. VameHeHue coaepxaHus BOLOPOAa B MeTanne
[0 1 Mocsie NPUMEHeHUs UHTeHcubukaummn aerasauum [7]

TToMumo 3Toro 3hdHeKTUBHOCTL CTPYHHOM Jerasaunu
MOXET OBITh MOBbILIEHA 33 CYET €€ HEONHOKPATHOTO MOBTO-
penusi. Takoii TEXHONIOINYECKUIT MPUEM NTPUMEHSIOT Ha ApY-
rom simoHckoM npeanpusitun (JCFC). Tam cTpyifHoe Baky-
YMUPOBaHKE MeTaJlla NPOM3BOAMTCS NpPY NEPEeMBe U3 Oll-
HOTO KOBILA B JIPYroil B YCJIOBUSIX Bakyyma. Meton obec-
neyuBaer yuaneHue soxopona Ha 0,28 ppm (3nauenne [H]
66110 yMeHbLIEHO € 1,43 110 1,15 ppm) [9]. puHUMIHATB-
Hasl CXeMa TaKOTO TEXHOJOTMYECKOro MpueMa U U3MEHEeHHe
CpeIHero comepXaHusi BOAOPOJa B MeTajljie, BbIMIABIAEMOM
Ha JCFC, npencraBneHsl Ha puc. 7.
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Puc. 7. Cxema npumetsiemori Ha JCFC ycTaHOBKM NSl CTPYHOTO BakyyMUPOBaHUS
1 U3MEHEeHVe CoAepXaHyisi BOLOPOAa B MeTasie [0 v Nocsie NpyMmeHeHust MeToaa nepenmsa [9]

W3yyeHneM BO3MOXHOCTU BYBaHMsI aproHa B CTPYIO
Pa3INBAEMOr0 METAJlIa 3aHUMAJIUCh U OTEYECTBEHHBIE yde-
Hble, B yactHocti C. M. Kynbes u H. A. 3106aH [12].

B OAO HITO «ILITHUUTMALLl» 6buta u3yyeHa BO3MOX-
HOCTb NPUMEHEHHMsI METOJa BIYBaHMsI aproHa B CTPYIO Me-
Ta/Ula B MPOLECCe PA3MUBKM TP MPOM3BOACTBE KPYMHBIX
cauTKoB. TIpu 3TOM MeTox GbLI YCOBEPLICHCTBOBaH I1y-
TeM Ha3HAYeHUs MHTEHCUBHOCTH TNPOLYBKH B 3aBUCHMOCTH
OT OKMCJIEHHOCTH DA3TMBagMOro MeTaiia. DTO MO3BOJSET
YBEMYHTb CTereHb U 3(hGEKTHBHOCTb [erasalii MeTai-
na npy pasnuske. T1pu 3TOM GbLIO BBISIBIEHO, YTO PACXOX
VHEPTHOTO Ta3a (aproHa), MoaaBaeMOro B CTPYIO MeTaslia,

527

: ‘
5178 16§ b
gelt By AR U - 5

'~

Puc. 8. Cxema yCTaHOBKV [J15i Pa3NIvBKW B BaKyymMe
C BaKyyM-MIOTHbIM MPOMEXYTO4HbIM koBLIOM [10]

NpU MEPENVBE U3 PA3TMBOYHOTO KOBLIA B MPOMEXYTOUHBII
KOBILL, CJIE/lyeT ONMpeIeisiTh 10 BbIPAXEHHUIO (2):

<+ b + 18 @0, (2)

rae Vi, — pacxoll aproHa, BbIPaXEHHbIi B JI/MUH; 4o — aK-
TUBHOCTb KMCJIOPOJa B METAJUINYECKOM PACILIaBe, U3MEPEH-
Hasl riepe/l BbIE3I0M KOBLIA CO CTEHJa BHENEYHOI 06paboTKu
Ha Pa3jMBKY, BBIpakeHHast B ppm; ¢ U b — koadduLmeHTsI.

U3BecTen oTeyecTBeHHBIH nmateHT [10] Ha ycTaHOBKY st
Pa3MBKU CTaM, COYETAIOLIYIO B ceOe NMPEMMYILECTBA ABYX
ONKMCAHHBIX BBILIE TEXHOJIOTMYECKUX MPUEMOB (puC. 8).

Takxe NpU pacCMOTPEHUU TEXHOJOTUYECKUX MPUEMOB,
MPUMEHSIEMBIX NPU BaKyyMHOI pa3iMBKe B CIUTKHU BBICO-
KOKAYeCTBEHHOM CTaji, CJIeAyeT OTMETUTDL TIOC/IEHEe JI0-
cTXeHMe KommaHuu JSW, 3akiiovaiolieecss B UCKIIOYe-
HUY U3 TEXHOJIOTMYECKOH LIENOYKH MPOMEXYTOYHOTO KOBILIA
(puc.9). TTonoGHBbIIi TIPHEM TO3BOJISIET CHU3UTD 3arpsi3HEH-
HOCTb MeTajljla 3K30T€HHBIMM BKJIOUEHUSIMU, (HOPMUPYIO-
LIMMKCS B Pe3yJbTaTe PasMbITHsI OTHEYMOPHOTO CJIOSI MPO-
MEXYTOYHOTO KOBILA, YMEHBLIUTb BO3MOXHOCTb €r0 BTO-
PUYHOTO OKMCJEHHUSI M MOBBICUTH 00LLYI0 3D (hEeKTUBHOCT
MPOM3BOACTBA KPYITHBIX CIMTKOB 32 CYET COKpPALUEHHUs Bpe-
MEHHBIX 3aTpaT ¥ CHUXEHHsI Pacxoia OTHEYMOpOB.

Var = amin - - - Gmax — bmin -

CudoHHasi pasnuBKa KpYnHbIX CJIUTKOB

B Hacrosiiee BpeMsl Ha 3aBOJax, NMPOU3BOASLINX METal-
JIYpPTUYECKUE 3arOTOBKM JUIS SHEPTETUYECKOTO M TSKEIOTo
MAaILMHOCTPOEHMSI, YBEJIMYMBAIOT KaK A0JIO B OOLLEil HOMEH-
KJIaType MPOU3BOACTBA, TaK U €AUHUYHYIO MAcCy KY3HEUHBIX
CJIUTKOB, OTJIMBaeMbIX CU(GOHHBIM METOAOM. B yacTHOCTH,
TaKOM METOA ObLT MPUMEHEH TMPU OTJIMBKE CIUTKA MAaccoii
170 T Ha YELICKOM MAIIMHOCTPOUTEIBHOM TPEATNPUATHN
Pilsen Steel [11].

PacnipoctpaHeHue Metoaa cupOHHOI pa3IMBKYU CBSI3aHO
C PSZIOM OYEBMIAHBIX MPUYUH. Bo-nepseix, 310 00yCIOBIE-
HO TeM, YTO COBPEMEHHBIN YPOBEHb Pa3BUTHUS TEXHOJOTHH
BHEMNEe4YHO! 06paboTKM MO3BOJISIET BOCIPOU3BOAMMO obecrie-
YMBATh HU3KOE COAEPXKAaHKME BOAOPOIA, U, COOTBETCTBEHHO,
HEOOXOAMMOCTb B BaKYYMHOIi pa3nuBKe oTnanaer. Bo-Bro-
pbIX, TIpY CU(OHHOI pas3iMBKE €CTh BO3MOXHOCTb MeEHee
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Puc. 9. Cxema pasnnBK1 CTanu B CAWUTKU C MPOMEXYTOUHBIMU KOBLLOM (&)
1 6e3 Hero (6) 1 ycTaHoBKa [J1s1 pa3fvBKkv B Bakyyme 6e3 NpoMexyTO4HOro KOBLIA (B)

3aTpaTHOro (M0 CPaBHEHHIO C PA3TUBKOI B BAKYyME) U IPK
3TOM JIOCTATOYHOTO HAZIEXHOTO CIoco0a 3allUThl CTPYU Me-
Taj/ula OT BTOPUYHOTO OKUCJIEHWsI. B-TpeTbux, Takoi MeTon
Pa3MBKU TO3BOJISIET CTAOMIM3UPOBATH B TOTOBOM MeETaj-
Jie comepXaHue a3oTa (4TO aKkTyalibHO Il MapoK CTalH,
JIETMPOBAHHBIX a30TOM). VI HAaKOHell, B-4eTBEPTHIX, COBPE-
MEHHbIE OTHEYITOPHbIE MATEPUAIIBI O3BOJISIIOT MPAKTUYECKH
MCKITIOYMTD 3arpsi3HEHNE MeTaJlla 9K30TeHHBIMU BKIIIOYEHHU -
SIMU M3 CU(OHHBIX KAHAJIOB, YTO MO3BOJSIET YCTPAHUTh OUH
M3 CYLIECTBEHHBIX HEJOCTATKOB 3TOr0 METOMA.

Marepuansl ang yrenneHus
NPUGLUILHOI HaACTaBKU

B HacTosiILee BPeMsl B MMPE YKe TIPOM3OLILIA IIOBCEMECT-
Hasi 3aMeHa KOHYCHBIX MPUOBUIBHBIX HAACTABOK, dyTepye-
MbIX IAMOTHBIM KMPIMYOM, LTHHIPAYECKAMH HAICTABKa-
MM, YTETUIAEMbIMU COBPEMEHHBIMU MaTepuanamMu 6IOYHOrO
tuna (puc. 10).

Puc. 10. CoBpemeHHbIe TeMNoM30sLMOHHbIE MaTeprab!
LS NPUBBIIbHBIX HAACTaBOK

DT MaTepHabl 001a1a0T 6OIbLIEH TEMIOU30MALMOH-
HOM CIIOCOGHOCTBIO, ¥ TIOTOMY MX MPUMEHEHNE CIIOCOOCTBY-
€T yJIYYIIEHHUIO TETUIOBOi pabOThl MPUOBLIM U YMEHBLIEHUIO
ee o0beMa.

Kpome Toro, ceityac Ha PbIHKE TEILIOM30JSILIMOHHBIX
MaTepuajioB MOSBUIACH HOBUHKA — TETUIOM30JISLIMOHHbBIE
onesna U3 TOJUKPUCTAUIMNYECKOTO BOJIOKHA. Koadbduumy-
€HT TEIJIONPOBOAHOCTH TAKUX MATEPUANOB HE TNpEBbILIAET
0,2 Br/(m - K) nipu 800°C u 0,4 — mipu 1600°C.

JlaHHBI TETUIOU30JSILMOHHBIA MaTepuall JIETKO MOXET
ObITh MPUKJIEEH K METAJUTMYECKO# OBEPXHOCTH, B TOM YUC-
Jle ¥ K MHOTOTPAHHOI TOBEPXHOCTH M3T0XHULL. IMpume-
HEHME TEIUIOM3OJISILIMOHHOTO BOWJIOKA TIO3BOJSET IOJIHO-
CTBIO OTKA3aThCsl OT MCIOJIb30BaHUS MPUOBLIBHBIX HAJACTA-
BOK ¥ TPUBOIMT K TIOJNYYEHUIO <«3aIIEYMKOB» Da3MepOM
He Gonee 5 MM. Takas ux BeJIMYMHA HE TPUBOAUT K 00pa-
30BaHUIO TPEIMH BO BpeMsi KOBKU TOKOBOK, ¥ BBIXO/ IO/~
HOTO, COOTBETCTBEHHO, TOBbILIaeTcsl. OCTaTKM Marepuana
JIETKO YAAJISIIOTCS C BHYTPEHHEN IOBEPXHOCTU M3/IO0KHHULBI
M C TIOBEPXHOCTH CJIUTKA TIOCTIe er0 U3BIeYEHMSI.

K Ttakum MarepuazaM OTHOCSITCS:

— LYJX-715 (crpana-usrorourens — Kuraii,

A mpu 1000°C = 0,20 Br/(m - K));
— Fibermax (crpana-usrorosurens — PpaHuus,

A npu 800°C = 0,18 Br/(m - K));
— B-TIIB (cTpaHa-nu3rotoBuTeNb — YKpanHa,

A npu 800°C=0,30 Br/(M-K)).

TpuMeHeHKe MOTOGHBIX MATEPUAJIOB MO3BOJIUT NEPEUTH
Ha Tak Ha3bIBaeMble GeCIIPUObLIbHBIE CIUTKU, XapaKTePHU3y-
JOLLMECS TIOYTH LMJIMHAPUYECKOI (POpPMOii 1 TEM CBOHCTBOM,
YTO ee IMaMETP MEHbILE MaMeTpa CIUTKA JUILb Ha 5—10 MM,
T. €. MPUMEHEHHE TAaKUX CIMTKOB MO3BOJUT MCIIOJIb30BATH
B KayecTBe TOAHOTO MeTaUl MpUOBUIBHON YacTu. Iy6uHa
ycanouHoit pakoBUHBI (1edeKTHOI 30HbBI, OTPYOaeMoii Tpu
KOBKE) MPU UCTIONb30BAHMM TAKUX TEIUIOM30/ISLIMOHHBIX Ma-
TEPUAIOB MOXET ObITh yMeHbleHa 10 50—100 M.
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Puc. 11. Tunbl yCTPOICTB, NPYMEHSIEMbIX [JIS1 3aLUMUTbI

YcTpoicTBa AN 3amThbi
OT BTOPUYHOTO OKUCJIEHUS

Crenyioleii BaXKHO#M 4acTbIO TeXHOJIOTHU PA3IMBKH SIB-
JISIETCS1 HEOOXOAMMOCTD OOECTIEYEHMS 3ALUUTHI OT BTOPUYHO-
TO OKMCIICHHSI.

CeroziHsi 3TOT BONPOC SIBISIETCS] KDUTUYHBIM, MOCKOJIBKY
MMEHHO Ha JTame TepeiBa METa/UIMYECKOro pacriiaBa U3
KOBLIA B U3JTOXHULY BO3MOXHO Hanbosiee CUIbHOE CHUXE-
HME YUCTOTHI METAJLIA U, COOTBETCTBEHHO, YXY/ILIEHUE Kaye-
CTBa KOHeYHOro uszenus. [loaseprath MeTa pahuHUpOBa-
HUIO 110CJIe PA3IMBKU MPAKTUYECKH HEBO3MOXHO, MO3TOMY
pa3BUTHE TIPOLIECCA BTOPUYHOTO OKMCIEHMS JOJKHO OBITH
MHHUMH3UPOBAHO. DTO JOCTUraeTCsl MPUMEHEHMEM CIIELM-
aJIbHBIX YCTPOICTB, MCKITIOYAIOLIMX BO3ZMOXHOCTh KOHTAKTa
METJLTMYECKOrO PaciulaBa ¢ KMCJIOPOIOM BO3yXa; MPUMEpBI
MOAOGHBIX TIPUCTIOCOOIEHHIA TIPUBEAEHBI Ha puc. 11.

[1pokoe pacnpocTpaHeHHUe TaKKUe YCTPOICTBA MONydH-
JI B YEPHOU METAJIypruu, B TOM YHMCIIE TPH TPOU3BOACTBE
PSIIOBBIX MapoK cramu. ONHAaKO B MAalIMHOCTPOEHWU, Tie
MPOM3BOAAT Haubosiee OTBETCTBEHHBIE W3MENUsI, TONOOHBIE
TEXHUYECKHE PELICHUS] MPAKTHYECKH HE PacrpOCTPAHEHBI.
OT4acTH 3TO CBSI3aHO C HEyJOOCTBOM TPMMEHEHUs pelie-
HUI, MCTIOJTb3YEMBIX TIPH MACCOBOM MPOU3BOICTBE, [JIsl PO-
M3BOACTBA IUTYYHBIX U3IENHIA.

CKOpPOCTb pPasfNBKn

CKOpOCTb pasiMBKM TECHO CBsI3aHA C TAKOW XapaKTepu-
CTUKO} Ka4yecTBa CTAJIbHbIX CIMTKOB, KaK KOJIMYECTBO MPO-
JIOJIbHBIX MOBEPXHOCTHBIX TPEILMH. TaKue TPEUMHBI BO3HU-
KaloT Ha CIMTKAaxX B pe3y/bTaTe AEWCTBUSI TEPMUUYECKUX Ha-
MPSDKEHUI ¥ PAcrofiaraloTcsi B MECTaX YTOHEHMSI KPUCTal-
sm3yloleiics Kopouku. CriefoBaTesbHO, Ul YMEHBLICHUS
KOJIMYECTBA TPELIMH HA CIUTKAX WM MPEayNpPekaeHUs X
TOSIBNIEHUS] HEOOXOAMMO MOBBICUTH MPOYHOCTHBIE CBOWCTBA
KOPOYKM CJIUTKA B TNEPBble MOMEHTHI €€ KpMCTaUTU3aLuK
1 00ecneyuTh YCJIOBHS PABHOMEPHOTO POCTa KOPOUKH CIIUT-
Ka 0e3 BO3IEHCTBUSI HA Hee MHTEHCHBHBIX KOHBEKTMBHBIX
MOTOKOB XHMAKOTO MeTaJLIa.

IMpakTHKa nokasana, YTo pa3nuBKa 8—16-rpaHHBIX CIUT-
KOB 0 cKopocThio 0,2—0,3 M/MuH (puc. 12) nossosnsier npe-
JIOTBPaTUTh 0Opa3oBaHME MPOAOJbHBIX TpewnH. [Ipu atom

MeTasia OT BTOPUYHOIO OKUCNEHMS Npu pasnueke

MaccoBan cKOPOCTh HaNoNHeNNS, TIMUN

TIMHEHHAR CKOPOCTI HAMONIHEHMHA, MMIMUK

0 50 10 5 200 250 10 35 40 450

Macca enmria, 1

Puc. 12. 3aBUCMMOCTb JIMHENHON 1 MaCCOBO CKOPOCTU
PasnuBKU OT MACChbl CNMTKA MO JaHHbIM PasNYHbIX
MaLUVHOCTPOUTENbHBIX 3aBOA0B

YBEJMYEHNE KOJIMYECTBA TPAHEH MO3BOJISIET CIBUHYTh ONTH-
MaJIbHYI0 CKOPOCTb B 00J1aCTbh 60J1€€ BHICOKMX 3HAYEHUIA.

YMeHblLIEeHHEe CKOPOCTH PA3IMBKH COMPOBOXKIAETCS yBE-
JIMYEHUEM TPOJOJKUTENBHOCTU HAMOJIHEHUS] M3JIOXHMUIL,
BCJIEACTBUE YEr0 YCWJIMBAETCS OXJIAXAEHUE OTKPBITOM IMO-
BEPXHOCTU METaJjljla, MOJAHMMAIOIIETOCS B M3MOXHULIE TIPU
pasIMBKe, YTO NPUBOAUT K OOpPa3OBaHWIO HA HEW TBEPHOW
OKMCJIEHHOI «KOPOYKH» M K 3aBOPOTAM €€.

O6ecneyeHne CTaHAAPTHOrO
COCTOSIHUA Nepep, pa3/INBKOI

J1J151 TOBBIILIEHUSI CTAOUIIBHOCTH CBOMCTB METAJLIOU3IEUIA
PA3IUBKY CIMTKOB, MPEIHA3HAYEHHBIX VISl UX U3TOTOBJIEHUS,
ClieayeT NPOM3BOANTB U3 33JaHHOTO [UTsI JAHHOTO TUTIA U3ETHI
CTAaHIAPTHOTO COCTOSTHMSI, XapaKTePU3yeMOTO COlepKaHUEM
Ta30B, aKTUBHOCTBIO KHCJIOPOJA B METAUIMYECKOM PACILIaBe,
OOLIMM XMMUYECKUM COCTABOM M TEMIIEPATYPOIA.

3aknoyeHue

TIpuBeneHHBII Bbile 0030p TEXHOJIOTMYECKUX TIPUEMOB,
MPUMEHSTIOLINXCS IPY Pa3UBKe CTalM B CIIMTKM, MOKA3aJ,
YTO 1/l OGECHeYEeHMs] XapaKTEPUCTHK KAyecTBA CIUTKOB,
VIOBJIETBOPSIIOILMX COBPEMEHHBIM TPeGOBAHMAM MAIIMHO-
CTPOEHHSI, TEXHOJIOTHSI OJIKHA BKITIOYATD CJIEAYIOLINE JTATIbI:
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auddepeHInalUI0 CONEPXKAHUS YIIepoia Mo KOBLIAM
MPY MHOTOKOBILIEBO# pa3iMBKe;

MHTeHCUUKALMIO Aera3aliiy MPY pa3iruBKe 33 CYET BBE-
JIEHHS aprOHa B CTPYIO Pa3MBaeMOrO METajla;
HCKITIOYEHHE MTPOMEXYTOYHOTO KOBILIA IS OTJIMBKY CITUT-
KOB, Macca KOTOPbIX He MPEBBILIAET Maccy MeTauia B
KOBLIE;

OCBOEHME MPOM3BOACTBA MOJBIX CIUTKOB [UISI U3TOTOB-
JIEHHUSI TIONBIX OCECUMMETPUYHBIX U3IENNii;
ONTHUMU3ALUIO TEOMETPUM CIIMTKOB IOJ OMPENEIEHHYIO
HOMEHKJIATypy U3NEINN;

00513aTe/IbHOE MPUMEHEHHNE CUCTEMbI 3aLLUThI CTPYH Me-
Tajl1a MpY TeperuBe U3 Pa3ivBOYHOTO KOBLIA B IPOMeE-
XKYTOYHBIV KOBIL.
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BnvsHue HaHOMOPOLLKOB TYrorjiaBKux
COEVHEHUI Ha CBOMCTBA Ceporo YyryHa”

3BECTHO, YTO KAauyeCTBO METAJUIOM3AENUH, UX MeXaHW-
I/Iqecme M SKCIUTyaTallMOHHBIE CBOWCTBA BO MHOIOM
OMNpPenessioTCs IUCTIEPCHOCTBIO M OIHOPOXHOCTBIO MaKpo-
1 MUKPOCTPYKTYPBI MeTasuia. [103ToMy nouck a¢hbeKTuBHbIX
Croco0OB BO3EHCTBUSI Ha MPOLIECCHI CTPYKTYpOOGpa3oBa-

* Pa6ora BwinonHeHa npu nomiepxkke LI «UccnenosaHne u paspa-
60TKM 1O TIDUOPETETHBIM HANpPAaBACHUSAM PAa3BUTHUSI HAYYHO-TEXHOJIOTHYE-
ckoro komruiekca Poccun Ha 20072011 romei» o Teme: «Paspaborka cro-
coba Moy4eH1st MHOTObYHKIMOHATBHOTO peareHTa MoanduKaTopa Ha oc-
HOBE TOPOILKOB TYTOTUIABKMX COEIMHEHHI ISl 06PabOTKM XKeNe30-yI1epo-
amethix paciuiasos» (TK Ne16.513.11.3131), rpanta PO®U 11-08-00814.

HUSl SIBJISIETCS] BAXKHOM 3aJayeii B JUTEHHOM NPOM3BOACTBE.
B nocnenHue roael 601b110€ BHUMAHUE YAESETCS NPUMEHE-
HUIO HAHOPa3MEePHbIX MOPOLIKOB TYrOIUTaBKMX COEAMHEHHM
B KayecTBe Momuduuupyloummx 106asok. B padorax [1-5]
OBbUIO MOKAa3aHO, YTO BBEJEHUE B PAcIaB CMELUATbHO MO~
TOTOBJIEHHBIX TYrOIUIaBKMX HAHOMOPOLIKOB B KOJMYECTBE,
He TIPEBBIILAIOIIEM IECSThIX A0l MPOLEHTA MO Macce, MO-
AnbULMPYET CTPYKTYPY METajlia ¥ MPUBOAMT K YITPOYHEHUIO
ero Marpuubl. DPGheKTUBHOCTH TAKOTO BO3NEHCTBUS 3aBU-
CUT OT XMMMYECKOTO COCTaBa HAHOYACTUL, MUCTOIb3YEMbBIX
1T MOAMGULMPOBAHUS KOHKPETHOTO CIUIaBa, KOHLEHTpa-
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