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OaeCCKaJI 2ocyaapcm6eHHaJl aKaaeMUJI nuU(e6bIX meXHOJl02UU

The problems of modellIng of the processes of block freeze-out from solutions
have been considered. Equations for the calculatIon of mass transfer
coefficients during block freeze-out for the tIme of Ice freeze-out on the
surface of a bar crystallizer are given. The obtaIned equations serve as a basis
for the method of calculation of the processes of block freeze-out.

Mo.n;eJIHpOBaHHe npO ••eCCOB 6JI01fHOrO

BblMOpIDKHBaHIDI H3 paCTBopOB

(/JU3U'teCKafl MOae/lb

npouecc pa3,ll,eJIeHlUI )K}f)lKI1XIUIllJ,eBhIX npO,ll,yKTOB

MeTO,ll,OM6JIOl.J:HOrO BhIMOpa)i(HBamUI npe,ll,nOJIaraeT

HanpaBJIeHHyIO KPHCTaJIJIH3aUHIO MOJIeKyJI BO,ll,hI 113

paCTBOpa Ha BHeUlHeM: nOBepXHOCTH CTep)i(HeBOrO
KpHCTaJIJIH3aTOpa [1, 2, 4, 5].

B Cepe,ll,HHe TPy6hI C BHYTpeHHHM pa,ll,HyCOM 'r H BHe-
IllHHM 'K Kl1nHT XJla,ll,areHT HllH ,ll,BJ1)i(eTCSIXJla,ll,OHOCI1-

TeJIh 1, TeMIIepaTYpa KOToporo tx (pHC. 1). 3a onpe,ll,e-

JIeHHhrn npOMe)I(yTOK BpeMeHH 't H3 paCTBopa MaCCOM:

m H KOHUeHTPaUl1eM: C Ha nOBepXHOCTI1 KpI1CTaJI-pH pH
JIl13aTOpa 206pa3yeTcSI 6JIOK JIhLJ,a3MaCCOM:mJI 11pa,ll,l1-

yCOM ,. 06pa3YIOllJ,HM:CSI 6JIOK JIhLJ,a I1MeeT nopMCTYIO
JI

CTPYKTYPY.B npouecce KPHCTaJIJIM3aUl1H B nopax 6JIO-
Ka JIhLJ,a3aLJ,ep)I(HBaeTCSI l.J:aCThpaCTBopa MaCCOM:m

n
11

KOHueHTpaUl1eM: C . B eMKOCTI1 5 pa,ll,HyCOM , nOCJIen e
BbIMOpa)i(J1BaHI1SIlfaCTI1 BOLJ,hIOCTaeTCSIpaCTBOp 4 Mac-

coM: m M KOHueHTpaUMeM: c . TIpouecc np0,ll,OJl)i(aeTC>IpK pK
LJ,OTex nop, nOKa 6JlOK JlhLJ,aHe LJ,OCTIITHeTCTeHOK eMKO-
CTI1,B KOTOpOM:npOI1CXO,ll,MTpa3LJ,eJIeHHe paCTBopa.

B npouecce 6JIOl.J:HOrO BhIMOpa)l(HBaHMSI TenJIOTa
paCXOLJ,yeTcHHa OXJla)l(,l.J,eHHepaCTBopa LJ,OKpHOCKOnl1-

l.J:eCKOM:TeMIIepaTYphI QOXJI' HenOCpeLJ,CTBeHHYIO KpI1C-
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PuC. I. TenJlorjJu3UI{eCKaJI MOaeJlb npOl{eCca 6110l{H020

6blMOpOJICU6aHUJI

TaJlJIl13aUHlO 113paCTBopa QKP M KOMneHcaUHIO nOTeph

B OKp~aIOllJ,YIO cpeLJ,y Qnor' TIpouecc HH3KOTeMnepa-
TYPHOM:KpMCTaJlJll13awm 113paCTBopa MeTOLJ,OM6JlO~I-
HOro BhIMOpa)i(I1BaHI1H MO)i(HO npeLJ,CTaBMTb B BI1,ll,e

6aJlaHCOB:

MaTepMaJIbHOrO

m = m + m + m . (1)
pH 11 n pK'

cyXI1X BellJ,eCTB

mc=mc+mc'pH pH n n pK PK'

Q = QOXJI + QKP + Qnor'

Terll106afl U aUrPrPY3UOHHafl MOae/lb

,LJ,JlHMOLJ,eJIHpOBaHI1H npOueCCOB TeIIJlOMaCCOnepe-

HOCa npl1 6JIOlfHOM BbIMOpa)i(HBaHHH paCCMOTpl1M
OCeCI1MMeTpHl.J:HYIO3a,ll,al.J:YKPl1CTaJIJIM3aUHH B O,ll,HO-

CBSI3HOM:06JIaCTl1 C KOJIbueBhIM nOnepel.J:HbIM Cel.J:e-
Hl1eM.

TIpouecchI TenJlOMaCCOnepeHOCa MOLJ,eJIl1pYIOTCSI
l.J:eTblpbMH ypaBHeHI1HMI1 TenJlOnpOBO,ll,HOCTM C COOT-

BeTCTBYIOIUI1MI1npe,ll,eJlbHbIMI1 YCJlOBI1HMM:
LJ,Jl5ITeMnepaTypbI TBepLJ,OM:ct>a3bI

C atl a, at A at (a / af(J)A( at / af(J) a, at
p -=-1\,-+--+ +-1\,-' (4)

'a-r ar ar r or rl az az,
tl(rO''t) = to; t/Z,'t) = tp[C2(Z + O,'t)]; t,("O) = tp(Co)'

rLJ,e Cv- yLJ,eJIhHa5I TenJlOeMKOCTb TBepLJ,OM:ct>a3hI;
Co - Hal.J:aJlbHa5I KOHueHTPaUHH paCTBopa;
C1- KOHueHTpaUI1H B TBepLJ,OM:ct>a3e;
C2 - KOHueHTpaUI1H B )K}f)lKOM:ct>a3e;

LJ,JIHTeMnepaTypbI )l(11LJ,KOM:ct>a3bI o6a ypaBHeHI151
TenJlOnpOBOLJ,HOCTH aHaJlOfHl.J:HO (4) ,ll,OnOJlHHIOTC5IYC-
JlOBMeM CTect>aHa

A dt(z-O,r) ( )_ dz.
:"I 0: tp -I •• - pq-,
or dr

,l.J,J]SIKOHueHTpaUHH )i(HLJ,KOM:ct>a3bI

dCI _ .
~ - DCl + L1lt2,

aC2(R,r) =0' C ( O)=C'Or ' 2 r, .(1'

[Cl(z+0,r)-C1(z-O. T)] az = DaCl(z,r),
ar ar

rLJ,eZ - TOJIllJ,I1Ha CJlO5I6JlOKa JlhLJ,a;



't - BpeM51rrpouecca;
, - pa,nllaJIbHaSl KOOp.ullHaTa;

p - TIJIOTHOCTb;
q - y.ueJIbHaSl TenJIOTa JIb.uoo6pa30BaHlISI;

A, D - K03<P<PlIulleHTbI COOTBeTCTBeHHOTenJIOnpo-
BO.uHOCTlI, .u1l<P<PY31,1.lI;

f - TeMrrepaTYPa,
ClicTeMa (4) - (7) 51BJI5IeTCSIrrOJIHOH Mo.ueJIblO npo-

uecca KPlioKOHueHTPlipOBaHlI5I C yqeToM rrepeKpecT-

HbIX3<p<peKToBLlIO<pO11Cope (<peHoMeHOJIOrll':IeCKlie

K03<P<PlIUlIeHTbI L12), 3Ta CliCTeMa C I15ITblOHe1l3Bec-
THbIMll <PYHKUlI5IMlI,co.uep)l(amliMlIC5I KaK B ypaBHe-

HlISIXTeTIJIOMaCCOrrepeHoca, TaK 11 B rrpe.ueJIbHbIX yc-

JIOBlISIX,KOTopble npllBo.u5lT K HeJIlIHeHHocTli. KpoMe
3TOro K03<P<PHUlleHTbITeTIJIOrrpOBo.uHOCTliA, nJIOTHO-
crn p H y.ueJIbHOH TerrJIOTbI JIb.u006pa30BaHlI5I q 3aBlI-

CSITOTKoop.uHHaT npOCTPaHCTBa H BpeMeHlI, qTO Tpe-
6yeT OT.ueJIbHbIXlICCJIe.uoBaHlIH, fl03ToMy.uaJIbHeHWee

Mo.uemlpOBaHMe npOBe.ueM npM .CJIe.uYIOmMX.uorryme-

Hl1S1X:

TeTIJIOMaCCOnepeHOC OCYllleCTBJISleTCSIHa nOBepXHO-
CTl1B OrpaHMqeHHOM npOCTpaHCTBe Me)I(JJ:yHenpOHM-

uaeMbIMli CTeHKaMli. KPliCTaJIJI113aUll51 B 06beMe OT-

CYTCTByeT;
rrpouecc npOHcxo.uMT B yCJIOBlISIXeCTeCTBeHHOHKOH-

BeKUHH, BbI3bIBaeMOH TeMrrepaTYpHbIM rpa,nlleHTOM;

Bce cyxHe BemeCTBa paCTBopa paCCMa1'pHBaIOTC5I KaK

O.uHHKOMrrOHeHT C 1I3BeCTHbIMli TeI1JI0<p1I311qeCKliMli

CBoHcTBaMH;
3a,naqa paCCMaTPHBaeTCSIM5I orrpe.ueJIeHHoro OTpe3-

Ka BpeMeHH ~'t, B KOTOpOM.ueHCTBYIOTcpe.uHlIe 3Haqe-

HlI5I TeMrrepaTYP M KOHueHTPaUHH;
paCTBOp B HaqaJIbHbIH MOMeHT BpeMeHH HaxO.uMTCSI

npM TeMrrepaTYpe <pa30BOro rrepexo.ua

f", = fs npl1 't = 'to;

TeMnepaTYpa Ha nOBepXHOCTM 6JIOKa JIb.ua onpe.ue-

JISleTCSIKpliOCKOnMqeCKlIMM YCJIOBlISlMli

fJl = fs;
M3MeHeHMe3HTaJIbnllll TBep.uoH <pa3bI He3HaqllTeJIb-

HO rro cpaBHeHMIO co CKpbITOH TeI1JIOTOHKpMCTaJIJIM-

3aUliM
cp, (t, -too)« n,

r.ue n - y.ueJIbHa51 TeI1JIOTa JIb.u006pa30BaHM5I.

C yqeToM rrpMBe.ueHHbIX .uorrymeHMH 3HepreTMqeC-
I<JU1:6aJIaHC npouecca MO)I(HOrrpe.uCTaBMTb B BMJJ:e

_Q = ndV., drn

Pn dr., dr'

r.ue ~ - 06beM JIb.ua.

MOaeAb cOnpJlJICeHH020 menAoMacConepeHoCa
YCJIOBlI5IKPMCTaJIJIl13aUMliHa nOBepXHOcTM 06YCJIOB-

JII1BaIOTCSITerrJIOBbIMI1pe)l(l1MaMM npouecca, KOTOpble

orrpe.ueJISlIOTC5I113CI1CTeMbIypaBHeHMH TenJIOBbIX 6a-

JIaHCOB 11ypaBHeHMM TenJIOnepe.uaqM.

TenJIOBOH rrOTOK B CI1CTeMe XJIa.uOHOCMTeJIb- CTeH-
Ka - JIe.u - paCTBOp MO)l(HOnpe.uCTaBMTb B BM.ue

Q = F(fp - f)/ Rr, (9)
me F - nJIOma,nb nOBepXHOCTM KpHCTaJIJIM3aTOpa;

fp' fx - TeMrrepaTypbI paCTBopa M XJIa.uOHOCMTeJISI;
Rr - 06mee TepMl1yeCKOe conpOTMBJIeHMe CMCTe-
MbI.

CYMMapHOe TepMl1yeCKOe corrpOTMBJIeHMe CMCTeMbI

3aBMCMTOT TepMMyeCKI1X corrpOTlIBJIeHMH pa3JIlI'lHbIX

yqacTKOB:

Rr,=_1_+ In(rk/r,) + In(rn/rk) +_1_
a,d. it, itn apdn (10)

3.uecb nepBa51 COCTaBJISllOlllaSl- TepMH'leCKOe corrpo-
TMBJIeHl1e, B03HMKaIOmee npM TerrJIOOT.uaqe OT CTeHKH

Kpl1CTaJIJIM3aTOpa K XOJIO.uHJIbHOMYareHTY; BTOpa51 -
TepMl1yeCKOe COnpOTI1BJIeHMe CTeHKM KpMCTaJIJII13a-

Topa; TpeTbSl - TepMl1yeCKOe conpOTMBJIeHMe 6JIOKa

JIb.ua; qeTBepTa5l- TepMl1yeCKOe COrrpOTlIBJIeHl1e, B03-

HI1KaIOlllee npll TenJIOOT.uaqe OT paCTBopa K 6JIOKY
JIb.ua.

POCT co BpeMeHeM 't pa.ul1yca 6JIOKa JIb.ua, MnOBepx-
11

HOCTI1pa3.ueJIa <pa3 6JIOK Jlb.ua - pacTBOp F orrpe.ueJlSl-
11

eT TeKymee COnpOTHBJleHMe CMCTeMbI ~('t). flpll orr-
pe.ueJleHHOM COyeTaHl111 pa.uMyca KPl1CTaJIJlM3aTOpa ,

11K03<P<PMUMeHTaTenJlOOT.uaqM OT pacTBopa K nOBep~

XHOCTMJlb.ua a 3a CyeT 3HaYMTeJIbHOrO pOCTa F YeT-P JI

BepTaSl COCraBJl5nOlllaSl MO)l(eT CHM)I(aTbC5I 6bICTpee,

yeM B03paCTaTb TpeTbSl COCTaBJlSllOmaSl ypaBHeHMSI

(10). J13MeHeHlISI TepMMyeCKliX COrrpOTlIBJIeHlIH npl1
KlIneHMM XJIa.uOHOCI1TeJlSl11CTeHKlI KpliCTaJIJI1I3aTOpa

He3HaYMTeJlbHbI, n03ToMY npM 6JlOqHOM BbIMOpa)l(J1-

BaHMM paCTBopOB C YBeJll1yeHMeM rrOBepxHocTM pa3-
.ueJla <pa3 o6mee TepMl1yeCKOe corrpOTlIBJIeHMe CliCTe-

MbI XJIa.uOHOCMTeJlb- CTeHKa - 6JlOK Jlb.ua - pacTBop
MO)l(eT CHI1)1(aTbCSI.YCJlOBl1eM TaKHX pe)l(J1MOB 6y.ueT

Bi =a, / A ~ 1
p n n '

r.ue Bi - qMCJlO El1o.

flpM 3TOM KpMTl1yeCKI1I1.ullaMeTP 6JIOKa JIb.ua d co-
Kp

OTBeTCTByeT3KcTpeMyMy <PYHKUMI1Rr, = f{d). ECJlI1 d
< dKP 11 dJl yBeJII1YI1BaeTCSI, TO B03paCTaeT M

JI
TenJIOBO~

nOTOK Q, MaKcl1MyM KOTOpOro 6y.ueT rrpM d = d .
JI Kp

06mee ypaBHeHl1e TenJlOBOrO 6aJIaHCa rrpll YCJlOBMI1

'K <rJl < 'e 3anMCbIBaeTCSI B BI1.ue
_ atp arn

Q-cp,vpPpa:r+QF'a:r+Q..,.,. (11)
LlJIMTeJlbHOCTbnpouecca BbIMOpa)l(llBaHlI5I 't M5I MJJ:e-

aJIbHbIX YCJlOBI1M(B paCTBope OTCYTCTBYIOTpaCTBOpl1-
Mble KOMnoHeHTbI) MO)l(HOpaCCqMTaTb no Bblp~eHHlO

't = Fo pnCp, (r, - rk )2
it

n
(12)

r.n.e PJI' cpJl, AJI - nJlOTHOCTb, TenJlOeMKOCTb M TenJIO-



rrpOBO.llHOCTb nb.lla;

Fo - qHCnO <DYPbe, XapaKTepH3YJOI..Qee 6e3pa3Mep-

HOe BpeM51 KpHCTannH3aw'm:,

C yqeToM rrpHBe.lleHHbIX .llorrymeHHH: .llJUI 6e3-

pa3MepHOH: KOOp.llHHaTbI x = (re - r)/(re - r) orrpe.lle-

nHeTCH qHCnO Fo:

Ph ( 2 )Fo=-- 1+-
2(n+ I) Bi'

r.lle n - KOHCTaHTa, xapaKTepH3YJOI..QaH <pOpMy 6JIOKa

JIb.lla (.unH rrnaCTHHbI n = 0, .un51IIHnHH.llpa n = 1);
QHcno DHO onpe.llenHeTC51 rro ypaBHeHHIO

Bi =a r (In r. I rT + In rn I r. J .
• T A. An

QHcno <pa30BOrO nepeXO.lla Ph paCCQHTbIBaeTC51 no

COOTHOllIeHHIO

Ph= ppn (15)
PnCp,(1.-tJ

EcnH npeHe6pe'Ib H3MeHeHHeM 3HTaJIbrrHH TBep.llOH

<pa3bI B npouecce BbIMOpa)f(HBaHH51, TO H3 ypaBHeHHH

(13) MO)l(HO onpe.lleJIHTb MHHHMaJIbHOe BpeMH KpH-

CTannH3aUHH paCTBopa 'tmin, .lleHcTBHTeJIbHOe BpeMH

JIb.lloo6pa30BaHHH't 60nbllIe't . , Ero MO)l(HO paCC'IH-.ll mm

TaTb, HCnOJIb3yH nonpaBKy

\}II =j{Ph,Bi,n).
.llJIH paC'IeTa \}II Hcnonb3yeTcH ypaBHeHHe BH.lla

\fI =I+.!.(~)l/)( 1+2Fnr.IVn -I). (16)
I 2 Bi+ I Ph

Tor.lla .lleH:CTBHTeJIbHOe BpeMH KpHCTannH3aUl-m on-

pe.llenHeTC51 COOTHOllleHHeM

't11= 'tmin'l' I' (17)
IlpHBe.lleHHble BbIllle ypaBHeHHH orpa)l(alOT xapaK-

Tep TerrnOBbIX rrpoueCCOB, HO He yqHTbIBalOT crreUH-

<pHKy Maccoo6MeHHbIX rrpoueCCOB, rrpOHCXO.ll51I..QHX

npH 6JIO'IHOM BbIMOpa)f(HBaHHH nHI..QeBbIX paCTBopOB.

Il03TOMY B03HHKaeT Heo6xo.llHMOCTb .llOnOnHHTb rrpe.ll-

CTanneHHYJO TerrnoBylO MO.llenb .llH<p<pY3HOHHOH: MO-

.llenblO.

Ilpouecc 6JIO'IHOrO BbIMOpa)l(HBaHHH paCTBopOB, CO-

npOBO)l(,llaIOIllHHC5I 06pa30BaHHeM 6JIOKa nb.lla C no-

pHCTOH CTPYKTYPOH, Y.l106HO npe.llCTann5leTC5I.llByxCTa-

.llHH:HOH: MO.lleJIbIO KpHCTannH3aUHH, Ha nepBOH CTa-

.llHH nO.ll.lleHCTBHeM rpa,llHeHTa KOHueHTpaUHH H3 pa-

CTBopa K nOBepXHOCTH pa3.llena <pa3 .llH<P<PYH.llHPYIOT

MoneKYnbI BO.llbI. I1HTeHcHBHOCTb 3Toro npouecca xa-

paKTepH3yeTcH K03<P<PHUHeHTOM ~I1' Ha BTOPOH: CTa-

.llHH rrpOHCXO.llHT BHe.llpeHHe MoneKyJI BO.llbI B KpHC-

TMnH':leCKylO pellleTKy. TaKOH: rrpouecc xapaKTepH3Y-

eTC51K03<P<PHIIHeHTOM ~i' CyMMapHbIH: K03<P<PHUHeHT

MaCCOOT.lla'IH npe.llCTaBnHeTCH COOTHOllleHHeM

~= (lj~11+ 1/~)-I. (18)
CKOpOCTb .llBH)l(eHH5I rpaHHUbI pa3.llena <pa3 6JIOK

JIb.lla - paCTBOp C y'IeTOM rrpHBe.lleHHbIX .llOrrYIlleHHH

(napaMeTpbI no a3HMYTY He H3MeHHIOTC51, a .llH<P<PY3H-

OHHbIH: rrOrpaHH'IHblH CJIOH: 60nbllIe TenJIOBoro) Ha-

XO.llHTCH no ypaBHeHHIO

8r. (.lPP[
~=fJ P

n

Xp(T)-X,(t,)]. (19)

XapaKTep H3MeHeHHH KOHueHTpaUHH paCTBopa orr-

pe.lleJI5IeTC5I 3aBHCHMOCTbIO

acp _ (.l 2r.
~-fJr2_r2[X.(T)-X,(/.)]. (20)

c .,

Ecml .unH onpe.lleJIeHHOrO orpe3Ka BpeMeHH ~'t 3a-

.lla'Iy conpIDKeHHoro TennoMaccorrepeHoca npH 6no'I-

HOM BbIMOpa)/(HBaHHH paCCMorpeTb KaK KBa3HCTaUH-

oHapHyIO C cOCpe.llOTO'IeHHbIMH rrapaMerpaMH t , t , X,n p s
~ H npeHe6pe':lb pacnpe.lleneHHeM TeMrrepaTYP no pa-

LU1yCy 6JIOKaJIb.lla, TO ypaBHeHHe MaCCOrrepe.lla'In npH-

MeT Ball

mJl = ~Pp [Xp - ~]J;" (21)

3.n:ecb paBHOBeCHoe BJIaroco.n:ep)l(aHHe paCTBopa X s
onpe.n:eJI51eTCH no TeMnepaTYpe rrOBepXHOCTH HcrrapH-

TeJIH t,
T

IloCKOJIbKy m = V P /'t; V = 7th (r2 _r2); F = 27tr h
11 11 J1 n JI;I k 11 n }I'

TO H3 npHBe.n:eHHoro Bblwe ypaBHeHHH MaCCOnepe.lla-

'In MO)/(HO Bblpa3HTb pa.llHyc 6noKa JIb.lla

( J
2

2 ~ - - ~ - -rn = r. + P 2.[Xp - X.]-r + 2.P[Xp - X.l-r.
p, p,

I1pHMeHHB OTHOCHTeJIbHbIH: pa.llHyc 6nOKa JIb.lla H

BBe.n:51o606I..QeHHble YHCJIa nO.l106H5I

r = r /r . Sh = Ah /D' Fo = D't/hn n K' tJ 11 ' 11'

nOJIytIHM

r. = , J +(Sh. Fo Pp [Xp - X']TJ2 + Sh· Fo Pp [X. - X.]. (23)
p, Pn

I13MeHeHHe TeMnepaTyphI rrOBepXHOCTM: pa3.n:ena rro

OTHOllleHHIO K nOBepXHOCTH KpHCTaJInH3aTOpa orrpe-

.n:eJI5IeTCH COOTHoweHHeM

_ M,nl\. + Bi(T -I )
1 - 1 = ' • • (24)
". 1+ Bi '

r.n:e R
KP

- TepMHtIeCKOe corrpOTHBJIeHHe CHCTeMbJ

KpHCTaJInH3aTOp - 6JIOK JIb.lla - paCTBOp.

AHaJIH3HPY51 3aBHCHMOCTH (19) - (24), MO)l(HO OT-

MeTHTb, t.JTO pellleHHe 3a.n:a'IH MaccorrepeHoca rrpH

6JIOt.JHOM BbIMOpa)/(HBaHHH CB513aHO C HaXO)l(,lleHHeM

K03<p<pI-IUHeHTa MaCCOOT.n:a'-:lH ~,

C yt.JeTOM 1-13JIO)/(eHHbIX BbJllIe oco6eHHOCTeH: Conp5J-

)/(eHHoro TerrnOMacconepeHoca .lleH:CTBI-ITeJIbHOe Bpe-

M5I KpHCTaJIJIH3aUHI1 113 rrHI..QeBbIX paCTBopOB MO)l(HO

npe.n:CTaBI-ITb BI1.lle 3aBI1CI1MOCTI-I

't11= 'tmill'l' I'1'2 , (25)
r.n:e 'l'2 - K03<P<PI1Ul1eHT, yqHTbIBalOI..QHH Maccoo6-

MeHHbie npoueCCbl 11onpe.n:eJI51eMbIH: KaK '1'2 = (Bi
l1
)k.



Puc. 2. Cpa6HeHue pe3YAbmam06 paCltem06 U
3KcnepUMeHmaAbHbLXoaHHblx:

I - 3aeUCUMOCmbOARUOeaAbH0206peMeHU npou,ecca;
2- 3aeUCUMocmboAfl6peMeHu npou,ecca cyltemoM

'PI; J - epeMR npou,ecca c yltemoM 'PI' 'P2;

4 - pe3YAbmambi ucnblmaHuu

qHCJIO EHO .uH<p<pY3HoHHoe

Bill = BrTln(r/r)/ D, (26)
r.ue B - K03<P<PHUHeHT HHTeHCKBHOCTH MacconepeHO-

ca OT paCTBopa K 6JIoKY JIb.ua, M/C2;

D - K03<P<PHUHeHT .uH<p<pY3HH, M/C2•

B CYlUeCTByromHX MeTo.uax paC'IeTa npoueCCOB 6JIO'I-

Horo BbIMOpa)l(JfBaHIDl He yqTeHbI oc06eHHOCTH Terr-

JI006MeHHbIX npoueCCOB rrpH BbIMOpa)KUBaHHH, no-

3TOMY pe3YJIbTaTbI, nOJIyqeHHbIe npH perneHHH KpH-

TepHaJIbHbIX ypaBHeHHH, HMeIOT rrorpernHOCTb, KOTO-

paH B03paCTaeT C TeqeHHeM BpeMeHH. PaHee npe.uno-

JIaraJIaCb He06xonMMOCTb yqeTa YCJIOBHH CTeCHeHHO-

CTM npM MacconepeHoce Ha nOCJIenHeM 3Tane BbIMO-

p(l)l(J1BaHIDI. B H3BeCTHbIX KpMTepHaJIbHbIX ypaBHeHMHX

C MCnOJIb30BaHHeM 6e3pa3MepHoro KOMnJIeKCa (d/hn)

MO)KHO COrJIaCHTbCH JIMlIlb .llJIH: nepBbIX 3TanOB BbIMO-

P~HIDl, TaK KaK OH He yqHTbIBaeT cneUH<pHKy noc-

JIenHero 3Tana, me ocymeCTBJIH:IOTCH: HaH60JIee 3Ha-

tIHTeJIbHbIe H3MeHeHHH: B CHCTeMe. nOCKOJIhKY rJIaB-

HhIM napaMeTpOM, KOTOPhIH oT06pa)l(aeT COCTOH:HMe

CHCTeMbI B TaKHX yCJIOBHH:X, H:BJI5IeTCH:TOJImHHa KOJIh-

IIeBoro 3a30pa Me)KL(y CTeHKOH KOHueHTPaTopa H 6JIO-

KOM JIbna, TO npe.llJlO)l(eH MO.uH<pHUHpOBaHHhIH napa-

MeTP K, KOTOphIH xapaKTepH3yeT TOJImHHY KOJIbueBO-

ro 3a30pa !1r= r - r. TaKHM 06pa30M, B pe3YJIhTaTec n
MOneJIHpOBaHHH: npoueCCOB 6JIOqHOrO BhIMOpa)l(JfBa-

HHH: YCTaHOBJIeHhI OCHOBHhIe HanpaBJIeHHH: 3KcnepM-

MeHTaJIhHhIX HCCJIenOBaHHH.

3KcnepHMeHTaJlbHbIe HCCJleJI.OBaHHB

H o606w.eHHe pe3YJIbTaTOB

,UJIH:perneHHH 3anaqM COnpH)KeHHOrO TenJ10MaCCO-

rrepeHoca npH HH3KOTeMnepaTypHoH KpHCTaJIJIM3a-

IIHH H3 paCTBopa M nOnTBep)KL(eHHH aneKBaTHOCTM

rrpenCTaBJIeHHOH MOneJ1M npOBeneHhI CJIenyrolUMe MC-

CJIenOBaHHH:. l'l3yqaJIH BJIHH:HHe TeMnepaTYphI KHrre-

HHH: XOJIOnMJIhHOrO areHTa, KOHueHTpaUHH H TenJ10-

<pH3HqeCKHX CBOHCTB paCTBopa, KOHCTpyKTHBHhIX

oc06eHHOCTeH KpHCTaJIJIH3aTOpa, .uHaMeTpa eMKOCTH

.ll1IB paCTBopa H BhICOThI 6JIOKa J1h.ua Ha KHHeTHKy ero

<pOpMHpOBaHHH:(H3MeHeHHepa.uHyca6JIOKaJ1h.uaHero

MaCChI BO BpeMeHM), Ha xapaKTep H3MeHeHHH: CTPYK-

TypHhIX xapaKTepMCTMK 6J10Ka J1b.ua H pacTBopa (no-

pHCTOCTb 6JIOKa J1bna, KOHueHTPaUHH: cyxHX BemeCTB

B 6J10Ke JIb.ua M paCTBope). KpoMe 3Toro, HCCJIe.uOBaJIH

BJ1HHHMe pe)KHMa pa60TbI yCTaHoBKH (6e3 peUHKJIHH-

ra J1h.ua M C HMM) Ha 3aTPaTbI 3HeprHH, TeMrrepaTypy B

Y3J10BbIX TOqKaX, napaMeTpbI 6JIOKa JIbna H pacTBopa.

HCCJ1enOBaHHH: rrpOBo.uMJIH Ha COKax, 3KcTPaKTax, MO-

JIOqHOH CbIBopoTKe [1 - 3].
B pe3YJ1hTaTe MaTeMaTMqeCKOH 06pa60TKH 3KcnepH-

MeHTaJIbHhIx.uaHHbIX Ha 3BM nOJIyqeHhI KpHTepHaJIh-

HbIe ypaBHeHHH: .llJIH paCqeTa K03<P<PHUHeHTa Macco-

OTnaqH B rrpH 6J10'-lHOM BbIMOpa)l(JfBaHHH:

MOJIO'-lHOH ChIBOpOTKM

Sh = 0,41 Rao.)1 [Sc/Pr]I/3[(r
K

- r)/h
n

]O,2J; (27)

<PPYKTOBbIX COKOB

Sh = 3,39Ra°.41 [Sc/Pr]!/3[d/h]0,4, (28)
rne Sh - qHCJ10 lUepByna;

Ra - qMCJ10 PeJ1J1eH;

Sc - q11CJ10 lUMMnTa;

Pr - qMCJ10 DpaHnTJ1H:;

h - BbICOTa.

K03<P<PHUHeHT MaCCOOTnaqH B, orrpe.ueJIH:eMbIH H3

ypaBHeHMH (27) - (28), yqHTbIBaeT MaccorrepeHOC KaK

Ha BHeUlHeH nOBepXHOCTH 6JIOKa JIh.ua, TaK H B era nopax.

OnpeneJ1eHHe H3 ypaBHeHHH K03<P<PHUHeHToB Mac-

COOT.uaqM n03B0J1MJ10 paCCqHTaTb nH<p<pY3HoHHoe

qHCJ10 EHo 11nOKa3aTeJ1b CTeneHH B COOTHorneHHH \}I2 =
= (BillY' YCTaHOBJ1eHO, 4TO k = 0,1. C yqeToM 3Toro

IlOJIyqeHO ypaBHeHMe .llJIH paCqeTa 't - BpeMeHH HaMO-

pa)KHBaHHH: J1bna Ha rrOBepXHOCTH CTep)KHeBOrO

KpMCTaJIJ1M3aTopa:

't = 0,75 'to \}II (Bi)o.l.
DOJIyqeHHbIe ypaBHeHMH: n0J10)l(eHbI B OCHOsY Me-

TOnHKM paCqeTa npoueCCOB 6JIO'IHOrO BbIMOpa)l(JfBa-

HHH:. Ha OCHOBe pa3pa60TaHHoH MeTOnHKH paCCqUTa-

Ha M C03naHa IlMJ10THaH yCTaHoBKa, rrpoBe.ueHhI ee HC-

nhITaHHH. CpaBHeHMe pe3YJ1hTaTOB HcnbITaHHH C pac-

4eTaMM no npenCTaBJ1eHHOH Mo.ueJ1H nOKa3aHO Ha

pHc.2. TaKMM 06pa30M, BBe.ueHue .uonOJ1HHTeJIbHOrO

nOnpaBOqHOrO K03<P<PMIIMeHTa \}I2 n03B0J1H:eT CHH3HTb

06lUYlO 01IlH6Ky paCqeTOB no 5 %.
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