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MOAEJINPOBAHUE MATHUTOrMAPOAUHAMUYECKUX
NMPOLLECCOB 3JIEKTPOMAIHUTHOIO NEPEMELLUUBAHUSA
AJTIOMUHUEBOI'O CINJIABA B KPUCTAJIJTUSATOPE

U TEMNJIOBOW HACAZKE NMPU NOJIYHENPEPbIBHOM JIUThE
CJINTKOB

lMpoBeneHo MoaennpoBaHue v onpeaeseHbl CKOPOCTU ABUXEHWS XUaKoro criiasa B96L, npuv ero
9/1IeKTPOMAarHUTHOM MepeMeLLIBaHun B KPUCTaIIN3aTope 1 Terna0BoM Hacaake MallyviHbl 1oJ1y-
HernpepbIBHOIO JINTbS CJIMTKOB. YCTaHOBJ1I€Ha 3aBUCUMOCTb BE/INYMHbI 3€pHa CJIMTKOB OT CKOPOCTU
ABvxeHus crinasa. OnpenesieHa onTuMasbHass CKOPOCTb ABUXEHUS XUAKOro crijaBa, kotopas
r103BOJISIET HE TOJILKO I10J1y4aTh MakCUMaslbHO U3MEIbYEHHYIO CTPYKTYPY CJIMTKOB, HO M U36exartb
r1osIB/IeHUSI 1€ (PEKTOB Ha MX MOBEPXHOCTH.

KnioyeBble cnoBa: 3/71eKTPOMarHUTHOE nepemMeLunBaHne, noyHernpepbiBHOE JINTbe, asio-
MUWHWEBBIV CrJias.

lMpoBeaeHo MoaeItoBaHHS i BU3HAYeHO LLIBUAKOCTI pyxy piakoro crinaBy B96L! y yac vioro enekTpo-
MarHiTHOro rnepemiLLyBaHHs B KpUCTaniaaTopi Ta TernJioBi HacaaLi MaLLuvHy HaniBbe3rnepepBHOro
JINTTS 3/IMBKIB. BCT@HOBIEHO 3a/1€XXHICTb BEJINYUHY 3€PHa 3/IMBKIB Bif LUBUAKOCTI PyXy Cri/iaBy.
BusHa4eHO onTumasibHy LUBUAKICTb PYXY PIAKOro CriiaBy, LU0 AO3BOJISE He vLe OTpumMyBaTu
MakCcuMaJibHO 34PIOHEHY CTPYKTYPY 3/IUBKIB, ane v YyHUKHYTU NosiBU Ae@EKTIB Ha iX MOBEPXHI.

Knio4oBi cnoBa: mMozesnioBaHHs, e/1eKTPOMAarHiTHe rnepemillyBaHHsI, HaniB6e3npepeBHe INTTS,
aJItOMIHIEBUV Cr1/1aB.

In the present research was done a simulation and defined the rates of liquid B96L] alloy motion
during its electromagnetic stirring in a crystallizer and hot-top of semicontinuous casting unit. As
result it was determined the dependence of ingots grain size on the rate of liquid alloy motion. The
optimal rate of liquid alloy motion was defined, which allows to get both the maximal refined structure
of ingots and to avoid the appearance of the surface defects of ingots.

Keywords: simulation, electromagnetic stirring, semicontinuous casting, aluminium alloy.

M HOrOYUCNIEHHBIMU UCCnegoBaHnamMn [1, 2] yctaHoBneHa npsmasi 3aBUCUMOCTb
CBOWCTB CJZINTKOB OT MEPBUYHON CTPYKTYPbI, MOJIYYEHHOW B NMPOLLECCe UX KpucTa-
N3aLnn NPy HENPEPBLIBHOM NUTbe. HannyyLuve CBONCTBA UMEIOT CIINTKM C MESIKO3EPHU -
CTOW CTPYKTYPOW, PaBHOMEPHO MO BCEMY CEYEHUIO CNUTKA. B NpOMBbILLIIEHHOM NPOU3-
BOZCTBE C/INTKOB 13 alItOMUHMEBLIX CM1IABOB Takas CTPYKTypa AOCTUraeTcs nyTemM BBe-
OeHns B cniaB MoanduKaTtopoB (MapraHeL, XpoM, CKaHaun, TuTaH, 60p, UMPKOHMIA), a
Takke BHELIHEro CUI0BOro BO3AENCTBUS (YNbTPa3BYKOBOE, SN1EKTPOrMAPOUMITYIbCHOE,
3N1eKTPOMarHMTHoe, BUOpaLVOHHOE) Ha CMJlaB B MPOLLECCE NPUroTOBIEHUS N KpUCTar-
nmsauuu. Npur 3TOM U3 BCEX U3BECTHbLIX CNOCOO0B CUI0BOr0 BO3AENCTBUS 3/IEKTPpOMAr -
HUTHOE NepeMeLLlnBaHne KPUCTaNIM3YIOLLLErOCS CrlaBa SABAsieTcs 0gHUM U3 Hanbonee
3P DEKTMBHBIX CNOCOOOB NONYYEHNSI MENTKO3EPHUCTOM CTPYKTYPbI.

B HacTosillee BpeMeHs pa3paboTaHo 60/bLIOe KONMYEeCTBO pasHOOOpa3HbIX nepe-
MelumBaTenen Xnokoro Metana, npy NOMOLLM KOTOPbIX CO30AI0TCA PasnnyHble BUAbI
OBUXEHNS XMOKOro MeTanna B KpuctannmaaTtope: TopounaansHoe [3], BpawarensHoe
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BOKPYI BEPTMKANbHOM OCK [4], OBMXKXEHME XMNOKOro MeTanna B rOpu3oHTaibHOW 1 BeEP-
TUKaTbHOM NAIOCKOCTAX 0QHOBPEMEHHO [5]. OgHako, HECMOTPS Ha A0CTATO4YHO LWNPOKOE
npakTuyeckoe NpUMeHeHne 3N1EeKTPOMarHUTHOro NepeMeLLInBaHns, HET eANHOMO MHEHUS
O NPeaNoYTUTENBHOM XapakTepe ABMXEHNS XUAKOrO MeTania B KpUCTaIn3aTope nog,
OENCTBMEM MarHUTHOro nons ans ad@eKTUBHONO N3MENbYEHNS CTPYKTYPbl C/INTKOB.
OT0 0OBACHAETCSH MUCMOJIb30BAHNEM B UCC/IEA0BAHMAX PA3/INYHbIX KOHCTPYKLNI Kpn-
CTa/IIM3aTopPOB U NepeMeLLmBaTesiei, a Takxe pasHoobpasmem TEXHOTOMMYECKNX CXEM
MoJIyHENPEPbIBHOIO NNTbS CINTKOB, AAIOLLMX 3a4aCTy NPOTUBOPEYMNBbIE PE3YbTaThl.
ABTOpPbI HACTOSALLEN PabOoThl pa3dpaboTany Cnocob NOlYHENPEPbLIBHOMO JINTbSI CIIMTKOB
13 aSIlOMUHUEBLIX CM1ABOB C MOMOLLbIO BaKyyMHOM MI[l-yCTaHOBKM 1 MaLUWHbI MOyHE-
NPEPbLIBHOIO JINTbSI C OAHOBPEMEHHbIM 3IEKTPOMAarHUTHbIM NEPEMELLMIBAHMEM CMNlaBa B
Kpuctannmaatope [6]. Mpu Tako TEXHOOMMYECKOM CXEME NPOoLLecca NNTbs CANTKA UC-
cnegoBaHme MarHUTOrMapoAnNHaMMUYEeCKMX MPOLLECCOB, BbI3BaHHbIX 3/IEKTPOMArHUTHbLIM
nepemMeLLIMBaHneEM CrnaBa B TEMIOBOM HacaaKe M KPUCTanm3aTope, Bbi3blBaeT onpe-
JeneHHble TPpyAHOCTU. No3ToMy Lenblo HacTosLelr paboThl ObI1I0 MOAENMPOBAHME ITUX
MPOLECCOB Ha 0JI0BE OJ15 BbISAB/IEHNSA MAarHUTOrMAPOANHAMMNYECKOW CTPYKTYPbI ABUMXEHUS
XMOKOro MeTasnsna B KpUcTannn3atope 1 TENSI0BON Hacaake, a Takxke npowuecca kpucrarn-
nmzaumm cnamtka na cnnasa BO6LL ¢ oAHOBpEMEHHbBIM 9N1EKTPOMArHUTHbBIM NepeMeLLVBa-
HMEeM ONs OnNpeneneHns ero BAnaHuUS Ha GOopPMUPOBaHME MEPBUYHON CTPYKTYPbI CIUTKA.
[na npoBeneHus nccnenoBaHuii paspaboTanu U N3roToBUIM 3KCNepMeHTasbHbI
KPUCTanNM3aTop C 3/1IeKTPOMArHUTHbIM NepemMelunBaTenemM onga NMMTbs CAUTKOB Ana-
meTpom 90 mM. B ocHOBY pa3paboTku 3TOro kpuctanamnsartopa 6bi1 NOSIOXKEH NPUHLAT
CO3[4aHna B XUOKOM MeTassie BUXPEBbIX CTPYKTYP TOPOUOANbLHOrO Tuna. dkcnepu-
MeHTaJIbHble UCCNeA0BaHNA MarHMTOrMapPoaMHAMUYECKOro OBMXEHUS pacniasa u
onpeaeneHne ero CKOPOCTU BbIMOJTHANM MO U3BECTHOM MeToauke [7] C NpUMEHEHMEM
TPpyoku Muto (puc. 1). ABMXKEHME XNUAKOro MeTanna Ha 0JIloBe MOAEeMpPOoBanu B TUMe
1 ¢ BHyTpeHHUM gnameTpom 90 mm un BbicoTor 140 mMm. Takue Xxe TUrn NcnonbL3oBanm
npu MoOenMpoBaHuUM npouecca Kpuctannmaaunm cnnasa B96L, ¢ ogHOBpEMEHHbIM
3NEeKTPOMarHMTHbIM NepeMeLLVBaHnEM. [n8 noaaepxxaHma TeMnepaTypbl XUAKOro 0s1oea
B npeaenax 320-330 °C npumeHsinacb neyb 2. CKOPOCTHOW HANOP ABUXYLLLEr0Cs XNAKO-
ro osloBa N3MepsSIv KBapLLEBO TPyoOKOM
3, NorpyxeHHow B 0N10BO 4, U BOASAHbLIM
U-o6pasdHbiM MaHOMeTpoM 5. Turenb
yCTaHaBnMBanu B kpucrtannmaarop 6 ¢
3NEeKTPOMarHUTHbLIM NepeMeLlVBaTeNeM
7. ViccnepoBaHmne xapakrtepa ABUXEHUS
XMOKOro 0/10Ba U ONpeneneHne ero CKo-
POCTHOro Hanopa NPOBOAUAN B BEPTU-
KaslbHOWM U rOPU30HTasIbHOM NAOCKOCTSX.
B kaxpoi namepsemMoi Touke Tpyoky
yCTaHaBNMBaAN NO OTHOLLEHMIO K ABUXY-
LLEeMyCcsl MOTOKY Takmm 0O6pasoMm, 4TOObI
MoJIy4nTb MakCUMaslbHble MOKa3aHMA BO-
AsaHoro maHomeTpa. Npu 3TOM NpsaAMyio
TPYOKY NPUMEHSN NPU UccnegoBaHnm
B BEPTUKAJIbHOW MJIOCKOCTU, & TPYOKy C
3arHyTbiM nog 90° natpybkoMm — B ropu-
30HTanbHOM. NccneposaHmsa NpoBOAMAN
npw TOKOBOW Harpy3ke nepemMeLlunsatens,
paBHoii 200 A. CkopocTb ABmxeHua xna- Puc. 1. Cxema cTeHga ans onpeaeneHns cko-

KOro 0J10Ba ONpeAesNianm rno ero CKopocT- POCTV ABVXEHNS XUAKOTO 0noBa npun ero
HOMY Harnopy [7] 3NIEKTPOMarHMTHOM nepemeLlinBaHnn
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V= [2g(8h, + P h),

M

rae p,, p,, — MNJIOTHOCTb BOfibl 1 0JI0OBA COOTBETCTBEHHO; g — YCKOpPeHMe CBOOOAHOro na-
neHus; Ah_, Ah - BbiCOTa Noabema BoAbl U MeTasiia COOTBETCTBEHHO.

OnNeKTpoMarHMTHoOe rnoJse nepemeLln-

BaTENd NpuM NoAayYe Ha HEro Hanpsxe-

HUS MNTAHMUS CO34a€eT B XWUOKOM ON0OBE

C/IOXHYIO rMapOaANHAMMNYECKYIO KapTUHY

€ro OBMxXeHus B TUrne (puc. 2). Xapakrtep

M3MEHEHNS CKOPOCTU ABUXEHUS XUOKOrO

010Ba MO BEJSINYNHE N HANPaBEHMIO CBU-

[0eTenbCTBYEeT O TOM, YTO ABMXYLLMACS

MeTann MMeeT TPU OCHOBHbIX KOHTYypa

(BUXPS) MarHMTOrMAPOANHAMNYECKOIO

TOPOUAANbHOIO ABUXEHUS. B HUXHEM

BMUXPE CKOPOCTb ABUXEHUS mMeTanna

OOCTUraeT MakCMManbHOW BEINYUHbI —

0,18 m/c. Mpun aTOM ABUXEHNE MeTanna

B BUXPE HamnpaBfeHO K LeHTPYy TUrng

cBepxy BHU3. CKOPOCTb ABUXEHUS Xna-

KOro mMetanna B CpeaHeEM BMXPE MEHbLLIE

(0,13 Mm/c), a HanpaBneHne ero BpaLleHns

MPOTUBOMOJIOXKHO HanpaBieHUO BpaLle-

CKOpOCTb,EI,BI/I)KeHVIFl oJioBa B TUITE, M/C HUS HUXXHEro BMUXpS. B NPWUNOBEPXHOCT-

Puc. 2. TmapoavHamMmnyeckas kapTuHa apuxeHus HOM CJ10€ XMNAKOro Metasia pacrnosioxeH

XUOKOro MeTtasiia rnpu ero afiekTPOMarHUTHOM BEPXHUW BUXPb, FOe CKOPOCTb OBMXEHUA

nepemeLlBaHn MeTanna paeHa 0,09 m/c, a HanpaBneHve

BpALLEHMS CcOBMNagaeT C HanpaB/liEHMEM

BpaLLEHUS HMXKHErO BUXpS. Kak BUAHO, N0 Mepe yaaneHus OT 31EKTPOMarHUTHOro nepe-

MELLMBATENSA CKOPOCTb ABWXKEHUS XMNAKOro MeTasnia yMeHbLLAETCS, YTO CBS3aHO CO CHU-

XEHNEM HarpPs)KeHHOCTM MarHMTHOro nons. Mo mepe NpudNnXeHUs K LLleHTpamM BUXPEN

CKOPOCTb ABMXEHUS MeTasnna nagaet Ao Hyns. MNpr 3TOM Yy CTEHOK TUMS MeXAY BEPXHUM

1 CPEeOHUM BUXPAMUN, a TAKXKE MEXAY dTUMUN BUXPSIMU MO LIEHTPY TUIA 00pasytoTCs 30HbI

1 NOBLILLEHHOTO 3/1IEKTPOMarHMTHOrO AABNEHUS, 8 MeXAY CPEeOHVUM U HUXKHUM BUXPAMU U

CTEHKOMN TUM4, a TakKKe MexXay 3TUMM BUXPSAMU NO LEHTPY TUMS — 30HbI 2 MOHUXEHHOIO

naeneHus. Cnenyet OTMETUTb, YTO Ha ydacTKax UBMEHEHUst HanpaB/IEHNS BPaLLEHUS BUX-

pew no ueHTpy TMrNsa Habnoganacb HECTabMNBbHOCTb MOKa3aHM MaHOMETPA, YTO MOXHO

0OBACHUTbL HANMMYMEM AOMNONHUTENbHBIX MENTIKMX BUXPEBbIX TOPOUAASbHBIX CTPYKTYP, Ha-

XOOALLMXCH MEXAY OCHOBHbIMU BUXPSAMU. [103TOMY 3aBUCMMOCTb U3BMEHEHNS CKOPOCTH

OBUXEHWNS pacriaBa no LEeHTPY MMeeT anmnpoKCUMUPOBAHHbIN BMA.

HWXHWIN BUXPb, PACNOfIOXEHHbIN B 30HE GPOHTA KpUCTanIm3auum, okasbiBaeT OC-
HOBHOE B/IMSAAHME Ha GOPMMPOBAHME NEPBUYHOM CTPYKTYPbLI CAAINTKA NPU ero noayHenpe-
PbIBHOM NIUTLE C 3/1EKTPOMArHMTHbIM NepemMeLlurBaHmeM. NpoBeaeHHbIe NCCeaoBaHUs
YCTaHOBWIN, YTO CKOPOCTb ABVXXEHNS OS10BA B 3TOM BUXPE MMEET JIMHENHYIO 3aBUCUMOCTb
OT NapamMeTpoB NUTAHUSA NepeMeLLnBaTeNS.

CKOpPOCTU OBUXEHUS XMNOKOT0 0/10Ba, NOJTyYEeHHbIEe B pe3ysbTaTe MOAeIMPOBaHNSA Ha
CKOPOCTb ABMXKXEHUS XMNOKOrO afloMUHNEBOIO CrjiaBa, NepecynTbiBann no metogmke [8].

lMpouecc Kpuctanamaaunm XmnaKkoro aaloMUHMEBOrO cnjlaBa B Kpuctannmaartope
npw HENPEPbLIBHOM NUTbE CNMTKA MOAENMPOBann NyTemM 3anmBku crnnasa B96L, npu-
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rFOTOBJIEHHOrO B Ne4Yn CONMPOTUBAEHUS,
1 B Turenb 2 (puc. 3) n nocnenyoLlei
ero Kpuctannmsaunm ¢ pasnanyHbiMun
pexvumamMn 91eKTPOMarHUTHOrO nepe-
MeLUMBaHWS, KOTOPbIE perynmpoBanu
M3MEHEHMEM MapaMeTpoB NUTaAHUS
nepemewmnsatena 3. Oceson Tenno-
OTBOJ, OT TUMA C XUAKUM CMNNaBOM
OCYLLECTBASANN NMPU NOMOLLM MELHOMN
Bogooxnaxgaemon nautbl 4. C uenbio
CHUXEHMSA TennonoTepb U Co34aHus
YCNOBUI 0N HanpaBieHHOW KpucTas-
AN3aumn TUrenb C XUAKMM CrnaaBoM
HaKpbIBAIN TEMION3ONMPYIOLWMM KO-
nakom 5. 1na npurotoBaeHus cniasa
MICMOJIb30BaIM NEPBUYHBIE MaTepuabl
BbICOKOW 1 TEXHMYECKOW YNCTOThI: asto-
MuHuin A99, megb M1, marHnin Mr9e,
LumHK L1, nvrartypy Al-5 % Zr. NMpu- pyc. 3. Cxema creHna ans MoaenMpPOBaHWs Npo-
FOTOBJIEHHbIV CNjiaB pa3iMBann B pecca KpUCTaNIn3aLnmn XnoKkoro aatoMMHNEBO-
TUrenb Npu temnepatype 750 °C. ro cnnasa B96L, B kpuctannnsaTope matlunHbi
Tmrenb nepen 3anosHeHUeM XNOKNUM NMONyHeENnpPepbiIBHOro n1nMTbda CAUTKOB Mpwn ero
METaIIOM MPOrPeBasv 40 TEMMEPaTypbl 3JIeKTPOMAarHMTHOM NnepemMeLLnBaHnm
390-400 °C. Npu MogenMpoBaHun Npo-
Lecca kp1cTanamsaummn cnias BakyyMHON 06paboTke He NoaBepranm ¢ Lesbio UCKIoYe-
HUS ee BANSHNS HA CTPYKTYPY CnmTKa. VI3 Nony4YeHHbIX CIUTKOB Bblpe3asnv NPOAOJIbHbIE U
nonepeyHble TEMMIEThI AJ1 NCCNef0BaHUS Makpo- U MUKPOCTPYKTYpPbI. MiccneaosaHmne
MUKPOCTPYKTYPbI NPOBOAVIM NO LIEHTPY (R = 0), Ha cepeanHe pagnyca (R/2) n nepude-
puu (R) nonepeyHbIX TEMMIETOB.

Mpwn kpucTannmMsaumm cnmtka 6e3 aneKTpPoMarHMTHOro NnepemMeLlnBaHns obpasyeTcs
pas3BeTBNIEHHASA AEHAPUTHAsS CTPYKTypa, OCOBEHHO YETKO MPOSBASAIOWAACSA B HUXKHEN
yacTtu cnuTtka (puc. 4, a, 6), 4TO CBSI3aHO C OCEBbIM TEM00TBOAOM B TUrne. Munkpo-
CTPYKTypa 00pa3LoB NpmMBeaeHa Ha puc. 5, a.*

Mpn nopaye HanNpsHXKEeHUs NUTaAHUSA Ha 9NEeKTPOMAarHUTHbIM NepemeLuvBaTens U 4O-
CTUXXEHUM CKOPOCTU ABMXEHUM pacnnasa B HuxHeM Buxpe 0,022 m/c cTpykTypa cnuTtka
M3MEHSETCS: B HUXXHEN 4aCTu CAMTKa MaKpO3EPHO M3MENbYaeTCs, Takas KapTuHa Ha-
onopaetcsa NpubnmauTenbHo Ha 1/3 BbICOThbI crimuTka. 1o Mepe yoaneHus oT a1eKTpo-
MarHUTHOrO nepemMeLlunBaTens MakpO3epHO HECKOJIbKO YKPYMHAETCS, YTO CBA3AHO CO
CHUXXEHNEeM CKOPOCTUN OBMXEHUS pacniaBa B 3Toi o6nactu. Paamep MMkpo3epHa B 3TOM
cnyyae gocTturaet 420 MKM.

MoBbIlWEHNE CKOPOCTM ABMXeHUs pacnnara o 0,024 m/c npnBoanT K 3HAUYNTENb-
HOMY M3MEJIbYEHMIO MaKPO3epPHa, 0COOEHHO B HUXKHEN YaCTU CAUTKA, MPUBIN3UTENBHO
Ha MOJIOBUHY €ro BbICOThI (pUC. 4, B). MUKPO3epHO, 611M3K0e K pPaBHOOCHOMY (puc. 5, 6),
MMEET YETKO OYEPYEHHbIE rPaHuLLbl, MO NEPUMETPY 3epHA PACMONOXKEHA NTIErKoniaBkas
daza S(Al,CuMg). HeGonbLune BKloHeHUS S-dasdbl HabnoaalTca B 00beme 3epHa, 4To,
O4YEeBUAHO, BbI3BAHO €€ 3aMeLlBaHMEM B TBEPAbIV paCTBOP B NPOLLECCe KpucTanim-
3aunm 3epHa. MakcumManbHas Benm4ynHa MMKPO3epHa B 3TOM Clly4ae He NpeBsbillaeT
180 mMKkM (puc. 5, 6), npmnyem okono 80 % 3epeH nmetoT paamep He 6onee 120 MKM, TO
€CTb CTPYKTypa cnntka 6113ka K HeAeHOAPUTHON.

JanbHerwee NoBbILLEHME CKOPOCTN ABMXEHUS CcriniaBa B HMXKHEM Buxpe 0o 0,037 n

*MiccnepoBaHne MUKPOCTPYKTYPbl MPOBEAEHO Ha MUKpoaHanmdaTtope REMMA-102
B. A. Xopyxum

ISSN 0235-5884. Npoueccel antess. 2012 Ne 5(95) 57



r A e

Puc. 4. MakpocTpyKTypa 1 NOBEPXHOCTb CJINTKOB, U3rOTOBJIEHHbIX MPU Pa3JINYHbIX CKOPOCTAX
3/1IEKTPOMArHUTHOrO NepeMeLlnBaHns

0,051 m/c NpnBOANT K YKPYMHEHUIO MUKpo3epHa a0 250 mkm, a npu 0,083 m/c — oo
300 mKM (puc. 5, B), Takxke NPoONCxXoauT elle 6onbluee 3anmpaHue S-dasbl B TBEP-
[OM pacTBope.

3aBUCMMOCTb BENMYMHBI 3epHa cnnTkoB anameTpom 90 mm 13 cnnasa BI6LL, nsro-
TOBJIEHHbIX C 9N1IEKTPOMArHUTHbIM NePEMELIVBAHVUEM, OT CKOPOCTU ABMXKEHWS CMNiaBa B
HUXXHEM BUXpe NpuBeaeHa Ha puc. 6.

BennunHa ckopocTn ABUXEHUS pacnfaBa nof AeWCTBUEM NIEKTPOMArHUTHBIX CUJI
3HAYNTENBHO BAVSIET HA KA4ECTBO MOBEPXHOCTM CNUTKA. HapyXHast NOBEPXHOCTb C/IUTKOB,
3aKpUCTaNIM30BaHHbIX 6€3 3/1eKTPOMarHUTHOr0 NepeMeLLBaHNS U CO CKOPOCTSIMU OBU-
XeHus cnnaea oo 0,037 m/c (puc. 4, 6, r), LOCTaTO4YHO POBHas M rmaakas. [NosbilweHne
CKOpOCTU ABmxeHus pacnnaea oo 0,051 m/c npnBoanT K UCKPUBIIEHUIO 0Opa3syioLLein
CNMTKa U NOSIBNIEHUIO HA €ro HApPYXXHOM NOBEPXHOCTU AedEKTOB B BUAE PAKOBUH, AO-
cTUralwmx B rMybuHy HECKONIbKMX MUITIMMETPOB. ITOT apdeKT 0co0BEHHO ABHO NPO-
ABNSIeTCS NPU AaJIbHENLLEM NOBbILLEHMN CKOPOCTU ABMXeHUS pacnnasa no 0,083 m/c
(puc. 4, a, e). o HawemMy MHEHMIO, 3TO CBA3AHO C TEM, YTO MPM ABUXEHUX pacniasa
MEXAY HUXHUM 1 CPEAHUM BUXPSMU U CTEHKOWN TUMNS 06pa3yeTcs 30Ha MOHUXKXEHHOTO
nasneHus 2 (cMm. puc. 2). PaspexeHune y CTEHOK TUMSA NPUBOAUT K MCKPUBNEHMIO 06-
pasyloLLen CnmTka B 3TOM 30HE, a MPW NPEBLILLEHUN UM CUJT MOBEPXHOCTHOIO HATAXEHUS
XWAKOro MeTasna u ero rmapocTaTMiyeckoro AaBneHns npu 6onee BbICOKNUX CKOPOCTSX
OBUXEHNS pacnniasa — K MPOpPbIBY MOBEPXHOCTHOM OKCUOHOW MAEHKN U 3aTArMBAHNIO €€
B pacnnas. B peanbHOM npouecce noayHenpepbIBHOrO INTbs CAnTka 13 cnnasa BI6L,
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a 6 B

Puc. 5. MukpocTpyKTypa CnmTKOB, N3rOTOBNEHHbIX MPY Pa3/IMYHbLIX CKOPOCTSIX 371EKTPOMArHUTHOMO
nepemeLLvBaHns

C €ro 9NeKTPOMarHMTHbLIM NEPEMELLMBAHNEM B KPUCTaNIM3ATOPE 3TO SABEHNE MOXET
NMPUBECTM HE TOJIbKO K YXyALLUEHWNIO MOBEPXHOCTM HEMPEPbLIBHOJIUMTOIO CJINTKA U NOBbILLE-
HUIO coaep>XaHna OKCUOHbIX BKJ'IIO‘-IGHI/II7I, HO N KMPOPbIBY MeTasJia U MOJIHOM OCTAHOBKE
npouecca NUTbsA CANTKA.

Takmum 0b6pa3om, nccrneaoBaHNSAMN N0 MOAEIMPOBAHUIO MarHUTOrMapoanHaMmye -
CKMX MNPOLLECCOB 9N1EKTPOMArHUTHOrO NepeMELLBAHMS anioMUHNEBOro cnnasa BI6L,
B KpUCTa/in3atope n TEnnoBON Hacaake MallnHbl NoJyHenpepbIBHOIO JINTbA CJIINTKOB
YCTaHOBJIEHO CneayoLlee:

o [Tpy ABMXEHMN MeTanNa B TEMNSIOBOMN HAcaake 1 KpuctannmsaTtope nog, 4eENCTBUEM
AJIEKTPOMArHMTHOro nepemMeLlumBaHna 06p83yIOTC9| TPW BUXPEBLIX TOPOUNAAJIbHbLIX PA3HO-
HarnpaB/1€HHbIX MO ABMXEHWIO CTPYKTYPbI. MakcumanbHasa CKOPOCTb ABMXEHNA MeTaslia
HabNoOaeTCs B HUXKHEN BUXPEBOM TOPOUAANbHOW CTPYKTYPE, PacrnonoXeHHOW B 30He
MaKCMManbHOW MHOYKUMW MarHUTHOMO NOJs, CO34aBaeMOro NnepeMeLlnBaTEeNEM.

e B 0Obeme nepemMeLlunBaemMoro metasiyia BO3HMKaT 30HbI MOBbILLEHHOTO U NMOHU-
XXEeHHOro )J,&BJ'IGHI/IVI. B obnactu NMPUMbIKAHUA 30HbI MOHMXXEHHOI0 AaBJZIEHUA K CTEHKE
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HoBble MeToAbl U NPOrpPeCcCUBHbIE TEXHOJIOMUU JINTbS

Kpuctannusatopa MalWuHbl Nony-
HEeMnpPepPbIBHOIO INTbS CIUTKOB Npwu
MHTEHCUBHOM 3NEKTPOMaArHUTHOM
nepemMeLLIMBaHnm BO3MOXEH NPOopbIB
o6pa3oBasLUencs Ha NOBEPXHOCTU
dopMMPYIOLLEFrOCS CANTKA OKCUAHOW
NMIeHKN 1 3aTarMBaHne ee BHYTPb

XNOKOro Metanna.
e BennynHa sepHa cnutka 3aBUcuUT
OT CKOPOCTU ABUXEHUS XUOKOro Me-
Tanna B HMXKXHeM Buxpe. OnpeneneHa
onTumarnbHas ckopocTb (0,024 m/c),
NPV KOTOPOW OABUXEHUE XNOKOro
MeTanna uMeeT naMuHapHbIN xa-
0,00 0,02 004 060 o008 010 Pakrep, Re<2600. Takas ckopocTb
CKOpPOCTb OBUXEHUSA pacriasa Mo noBepxHoCTn NO3BONAET HE TONILKO MAKCUMAITLHO
bpOHTa KpUCTaANM3aLMM CIUTKA, M/C M3MEJIbYNTL CTPYKTYPY CnnTka, HO n
Puc. 6. 3aBUCUMOCTb BENIMHMNHBI 3€PHA C/IMTKOB U3 n3bexaTb NnosBeHNs AedekTos ero
cnnasa B96LL, M3roTOBNEHHbIX C NeKTpoMarHuTHeIM [TOBEPXHOCTU. lNpeBbilleHne unu 3a-
nepeMeLLVBaHEM, OT CKOPOCTU ABWXEHUs cnnasa  HUXKEHWE 3TOM CKOPOCTU NPUBOIUT K
OrpybsieHmnio CTPYKTYPbLI N yBeNn4e-

HUIO pa3mepa 3epHa.

PesynbTaThl UCCNeaoBaHMS TEMNEPaTYPHbIX NONEN MpY KPUCTanIM3auum cnmTka nog,
NencTBMEM 9NEeKTPOMArHUTHOrO NepemMeLlrBaHns, a Takxke NoyHEenpepbiBHOrO NUTbS
CJ/INTKOB C Y4E€TOM PEe3ynbLTaTOB MOAENMPOBaHUS OyayT U3N0XEHbI B CieayoLLEeN cTaTbe.
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