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113MepeHMe TeIlJIOQ;>M3MlleCKMXXapaKTepMCTMK

BemeCTB M MaTepMMOB B 06JIaCTM arperaTHbIX,

XIiMMqeCKMX M CTpyKTypHbIX rrpeBpameHMM
KaHa. meXH. HayK H.B. IiAPAHOB, KaHa. meXH. HayK C.C. I1POillKHH

CaHKm-flemep6YPzcKUU zocyaapcmeeHHblu yHueepcumem
HU3KomeMnepamypHblX u nuw,eeblx meXHOJlOZUU

A technique and equipment based on it arc described for complex
measurement of thermophysical characteristics of substances in the field of
aggregate and chemlcat transformations. The equipment is designed for
measurements both under the conditions of monotonous heating and cooling
in the temperature range from -30 to 70 ·C.

<I>a30Bble npeBparn.eHlUl B TOHKo):{HcnepcHblx Bnaroco-

,D,ep)!(aUJ,HxMaTepHanax npOHCXO):{51THe TonbKO npH epHK-

CHpOBaHHOHTeMneparype, HO H B 3Hal.JHTenbHOM TeMne-

parypHoM ):{Hana30He, nOCKonbKY Bnara npHcyTCTByeT B

CBH3aHHOMCOCTOHHHH.TennOBble 3epepeKTbIepa30BbIX npe-

BpaUJ,eHHHCBH3aHHOHBO,D,bIHBnHIOTCSIB OCHOBHOMepyHK-

I..\HSIMHTeMneparypbI H npaKTHl.JeCKH He 3aBHCHT OT CKO-

pOCTH ee H3MeHeHHH. 3TO ):{aeT OCHOBaHWI npH BbI60pe

MeTO,D,aH3MepeHHH Hcnonb30BaTb TaKHe TennOBble pe)!(H-

MbI, B KOTOpbIXpeanH3yeTcjI ynpaMjleMblH np0I..\ecc BHew-

Hero MOHOTOHHoro HarpeBa MH oxn~eHHSI Hccne):{ye-

MOHnp06bI MarepHana, OpraHHqHO BKJ1IOl.JaIOrn.HHBCIOreM-

neparyPHYIO 06naCTb epa30BbIX npeBparn.eHHH.

llpo6neMa H3MepeHHjI TennoepH3Hl.JeCKHX xapaKTepH-

CTHK(T<I>X) nHrn.eBbIX npO):{yKTOB nO-npe)!(HeMy OCTaeT-

CSIaKryanbHoH. CnO)!(HOCTb 3a):{al.JHonpe):{enSIeTCSI TeM,

'ITO nHrn.eBble npO,D,yKTbI npe):{CTaBnSIIOT C060H CnO)!(Hble

TOHKO,D,HCnepCHbIe CMeCH, B COCTaB KOTOpbIX BXO):{jlT

MHome KOMnOHeHTbI. 3Ha'IHTenbHoe co):{ep)!(aHHe BO):{bI

B HHX (HHOr,D,a,D,O80 %) npHBO,D,HTK TOMy, qTO npH npo-

Be,D,eHHHXOnO,D,HnbHbIXnp0I..\eCCOB T<I>X npo):{yKToB 3Ha-

'IHTenbHO H3MeHSIIOTCjI. 3TO CBjl3aHO C epa30BbIMH nepe-

XO,D,aMH,KOTopble B npo):{yKTax npoTeKaIOT cnQ)KHee, l.JeM

B l.JHCTOHBo):{e.

llPH H3MepeHHH paBHoBecHblx xapaKTepHcTHK HaH60nb-

IDee pacnpocTpaHeHHe nonyl.JHnH MeTO):{bI: CMeWeHHjI,

HMnynbcHoro H HenpepbIBHoro a):{Ha6aTHoro HarpeBa.

llIHpoKo H3BeCTHble B nHrn.eBoH TeXHonorHH MeTO):{bIpe-

rynjlpHoro H MOHOTOHHoro pe)l(HMa, pa3pa6aTbIBaeMble

IIIKonOH r.M. KOH):{paTbeBa, npH H3MepeHHSIx B TeMnepa-

TYpHOHo6nacTH epa30Bblx npeBparn.eHHH npaKTHl.JeCKH He

Hcnonb30BanHCb, TaK KaK Hy)l():{anHCb B ):{ononHHTenbHOM

TeOpeTHl.JeCKOM0606rn.eHHH. XOTjI HMeHHO 3TH MeTO):{bI

n03BOnjlIOT nonYl.JaTb BeCb KOMnneKC T<I>X C ):{OCTaTOl.J-

HOHCTeneHbIO TO'IHOCTH.

Ha OCHOBeMeTo):{a perynjlpHoro MOHOTOHHoro pe)l(HMa,

o606UJ,eHHoro Ha cnyYaH cyry60 HenHHeHHblx T<I>X MaTe-

pHanOB, Ha Kaepe):{peepH3HKHCI16rYHHTIT 6bIJ1pa3pa60-

TaH MeTo):{ H Ha ero OCHOBeC03):{aHa annaparypa ):{njl KOM-

nneKCHoro H3MepeHHSI paBHOBeCHbIX T<I>X Bern.eCTBB 06-

naCTH arperaTHblx, CTpyKrypHbIX H XHMHl.JeCKHXnpeBpa-

rn.eHHH. B COCTaByCTaHoBKH BXO):{jlT: MHKpoKanopHMeTp

cB06o):{Horo HarpeBa (oxna)l():{eHHSI) ):{njl Hccne):{OBaHHjI

KHHeTHKH epa30Bb1XnpeBparn.eHHH, 3HTanbnHH h(t), 3epepeK-

THBHOH c3(p(t) H HCTHHHOHc(l) TennoeMKocTeH; CneI..(Hanb-

Hoe 3neKTpoHHO-BbIYHCnHTenbHoe yCTpOHCTBO (KOHTpon-

nep), C nOMOUJ,bIOKOToporo aBTOMaTH3HpOBaHa npOI..(e,D,y-

pa npOBe):{eHHSI onbITa; Mop03HnbHaji KaMepa, KOTopaSi

06eCneYHBaeT TepMOCTaTHpOBaHHe B ):{Hana30He OT TeM-

neparypbl OKpY)l(alOrn.eH cpe):{bI ):{O-30 DC C TOqHOCTbIO

,D,O1 DC. Annaparypa paCCYHTaHa Ha H3MepeHHjI KaK B

ycnoBHjlX MOHOTOHHoro HarpeBa, TaK H oxn~eHHjI B ):{H-

ana30He TeMnepaTyp OT -30 ):{O+70 DC.
,[J:aHHaSipa60Ta BbInOnHeHa npH epHHaHCOBOHnOMep)l(-

Ke B epopMe rpaHTa a):{MHHHCTpaI..(HHCaHKT-TIeTep6ypra.

WH3H'IeCKHe OCHOBbI cnoco6a H3MepeHHH. B yc-
nOBHSIX npHHY):{HTenbHoro oxna)!():{eHHSI H HarpeBa Bnaro-

co):{ep)l(arn.Hx Bern.ecTB, Kor):{a 3aXBaTbIBaeTCSI 06nacTb

TeMnepaTyp KpHcTannH3aI..(HH, npOjlBnSIIOTCjI HHTeHCHBHble

06paTHMbie TennOBble 3epepeKTbI epa30BbiX npeBparn.eHHH

cBSI3aHHoH Bnam. OHH ):{eHcTByIOT BHYTpH 06pa3I..(OB KaK

06beMHble TennOBble HCTOYHHKH HnH CTOKH, HHTeHCHB-

HOCTb KOTOpblX B HeCTaI..(HOHapHblx ycnoBHSIx OKa3bIBaeT-

CSICnO)l(HOH epyHKI..(HeHTeMnepaTypbI. BHewHe OHH npo-

jlBnjlIOTCjI KaK YBenHl.JeHHe TennoeMKOCTH OCHOBHbIXKOM-

nOHeHTOB npO):{yKTa. 3TH BHyTpeHHHe TennOBble HCTOl.J-

HHKH H CTOKH Henocpe):{CTBeHHO BnHjllOT Ha 3HTanbnHIO,

TeMneparypHoe none H, KaK cne):{CTBHe, Ha TennOBOH pe-

)l(HM o6pa6oTKH npo):{yKTa Ha Bcex 3Tanax ero oxn~e-

HHjI H HarpeBa.

C Yl.JeTOMCKa3aHHOrO HeCTaI..(HOHapHoe ypaBHeHHe Ten-

nonpOBO):{HOCTH ):{nSinHrn.eBblx npo):{yKToB B 06nacTH KpH-

CTannH3aI..\HHCBjl3aHHOH BO):{bInpH06peTaeT cyry60 HenH-

HeHHbIH BH):{[1]



at
div[A(t) gradt] = [c(t)+w(t)] p a-r'

r.u.e t = t(x,y,z, 't) - TeMneparypHoe nOJIe 06paJ~a;

A(t) - K03<p<PHJ..UIeHTTenJIOnpOBo.u.Hocnf;

c(t) - y.u.eJIbHaJITenJIOeMKOCTb O.u.H0<paJHbIX KOMno-

HeHTOB npo.u.yKTa;

w(t) = dh~n(t)/dt - TeMnepaTypHaSl npOH3Bo.u.HaSl

y.u.eJIbHOH3HTaJIbnHH h~n(t)<paJOBbIX npeBpal.l{eHHH B

npo.u.yKTe.

aHa xapaKTepH3yeT llJIOTHOCTb TeMneparypHoro pac-

npe.u.eJIeHHSIHHTerpaJIbHOH y.u.eJIbHOHTenJIOTbI nJIaBJIeHHSI

q HaxaWII.I.I:eilcH B npo.u.yKTe BO.u.blH <PYHK~HOHaJIbHOCBH-
nn

3aHa C qnn COOTHOIUeHHeM

qnJI = Jw(t)dt,
eCJIH HHTerpHpOBaHHe oCyl.l{eCTBJIHeTCSI no BceH TeMne-

paTYPHOH 06JIaCTH KPHCTaJIJIH3a~H'H CBSl3aHHOHBO.u.bI.3a-

MeTHM, qTO B pa60Te [2] BeJIHqHHa wet) HaJBaHa TenJIO-

TOH <paJOBoro nepexo.u.a, XODI HMeeT paJMepHOCTb y.u.eJIb-

HOH TenJIOeMKOCTH. B CBSl3HC 3THM, qT06bl H36e)f(aTb B

.u.aJIbHeHllIeM TepMHHOJIOrHl.JeCKHX He.u.opaJyMeHHH, yCJIO-

BHMCSIHaJblBaTb ee .u.H<p<pepeH~HaJIbHOHTenJIOTOH nJIaB-

JIeHHSI,qT06bI He nyTaTb C HHTerpaJIbHOH TenJIOTOH nJIaB-

JIeHHSIH y.u.eJIbHOHTellJIOeMKOCTblO.

IIpoHHTerpHpyeM ypaBHeHHe (1) no BceMy 06beMy V
HCCJIe.u.yeMoro 06pa3~a. IIocJIe HHTerpHpoBaHHSI JIeBaSi

qaCTb ypaBHeHHSI B COOTBeTCTBHHC H3BecTHoH TeopeMoH

faycca - OCTporpa.u.cKoro onpe.u.eJISIeT nOJIHblH TenJIOBOH

nOTOK Q('t), KOTOpblH nocrynaeT K 06paJ~ H3BHe qepe3

Hapy)f(HylO nOBepxHocTb. CJIe.u.oBaTeJIbHO, BMeCTO ypaB-

HeHHSI(1) nOSlBJISleTCSIB03MO)f(HOCTb 3anHcaTb ypaBHeHHe

TellJIOBOrO 6aJIaHCa 06paJ~a C BHellIHHM TenJIOBblM HC-

TOqHHKOM

Q(-r) = f(c+w) p ~~ dV,
v

r.u.ep - llJIOTHOCTb 06paJ~a.

YpaBHeHHe (3) cyl.l{eCTBeHHO ynpOl.l{aeTCSI, eCJIH 06pa-

3e~ O.u.Hopo.u.eH,a OnbIT npOBo.u.HTCSIB yCJIOBHSlX, npH KO-

TOpbIX TeMneparypHoe nOJIe 06paJ~a coxpaHHeTCSI paB-

HOMepHblM BO BceM ero 06beMe. B 3TOM CJIyqae no.u.bIH-

TerpaJIbHaSi <PYHK~HSI,CTaHOBSICb0.u.H03HaqHOH <pYHK~HeH

TeMnepaTYpbl, nepeCTaeT 3aBHCeTb OT KOOp.u.HHaT(06be-

Ma) H ypaBHeHHe (3) npH06peTaeT BH.u.

at
Q(-r) = [c(t)+w(t)]pV a-r . (4)

31'0 ypaBHeHHe CJIy)f(HT TeOpeTHqeCKOH OCHOBOHnpe.u.-

JIaraeMOro cnoc06a HCCJIe.u.OBaHHHTenJIOBbIX H BJIa)f(HOC-

THbIX xapaKTepHCTHK nHl.l{eBblX npO,[{yKTOB B llIHpOKOH

06JIaCTH TeMnepaTYP, BKJIlOqaSl 06JIaCTb KPHCTaJIJIH3a~HH

CBSl3aHHOHBJIarH.

IIpe,[{BapHTeJIbHblH aHaJIH3 nOKaJaJI, qTO npH PaJJIHqHblX

pe)f(HMaX 3aMOpa)f(HBaHHSI HJIH OTTaHBaHHSI npo.u.yKTOB

.u.OnyCTHMaJI HepaBHOMepHOCTb TeMneparypHoro nOJISIHe

.u.OJI)f(HanpeBblllIaTb HeCKOJIbKHX .u.OJIeHKeJIbBHHa. IIpaK-

THqeCKH 3TO 03HaqaeT, qTO H3MepeHHSI ,[{OJI)f(HhI npOH3BO-

.u.HTbCHHa 06paJ~ax MaJIblX paJMepoB, TaK KaK TOJIbKO B

3TOM CJIyqae y,[{aeTCSI 3HaqHTeJIbHO HHTeHcH<pH~HpoBaTb

BHellIHHe TenJIOBbie B03.u.eHcTBHSIHa 06paJe~ H CHH)f(aTb

,[{JIHTeJIbHOCTbOnbITa.u.o 20 ...30 MHH, coxpaHSlSl.u.ocTaTOq-

HO paBHoMepHoe TeMneparypHoe nOJIe BuyTpH 06paJ~a.

I1cCJIe.u.oBaHHSInHl.l{eBbIX npo,[{yKToB (MSlCO, MOJIOKO,Kap-

To<peJIb H ,[{p.) [3] nOKaJaJIH, qTO npH TaKOH .u.JIHTeJIbHOCTH

onblTa BJIHSlHHeMTenJIOBblX 3<p<peKTOB,o6yCJIOBJIeHHbIX XH-

MHqeCKHMH H CTpyKrypHbIMH npeBpal.l{eHHSlMH B 06pa3-

~e, MO)f(HO npeHe6pel.Jb, a onpe.u.eJISlIOI.l{HMH CTaHOBSlTCSI

TenJIOBbie 3<p<peKTbl <pa30BbIx npeBpal.l{eHHH CBSl3aHHOH

BO.u.bl,SlBJISllOl.l{HeCSI0.u.H03HaqHbIMH <PYHK~HSlMHTeMnepa-

TypbI. DJIaro.u.apSi 3TOMy .u.JISIxapaKTepHCTHKH TenJIOBblX

CBOHCTBnHl.l{eBblX npo.u.yKTOB B 06JIaCTH KPHCTaJIJIH3a~HH

qaCTO OrpaHHqHBalOTCSI nOHSITHeM 3<p<peKTHBHoH TenJIO-

eMKOCTH c3cjJ(t) = c(t) + w(t). O.n:HaKo HapSl,[{y C HeH B npe,L{-

JIaraeMOM cnoc06e paccMoTpeHa B03MO)f(HOCTb BbI.u.eJIe-

HHSIH3 c3cjJ(t) 06eHx ee COCTaBJISlIOI.l{HX:HCTHHHOH y.u.eJIb-

HOHTenJIOeMKOCTH HCXO.u.HblXKOMnOHeHTOB npo.u.yKTa c(t)
H .u.H<p<pepeH~HaJIbHOHTellJIOTbI nJIaBJIeHHSICBSl3aHHOHBO.u.bl

wCt). 3TO n03BOJIHJIO cymecTBeHHo pacllIHpHTb Kpyr H3-

MepSieMblx B onblTe xapaKTepHcTHK npo.u.YKTa.

CxeMa H3MepHTenbHoro yCTpoiicTBa. CxeMa Ten-

JIOBOH SllJeHKH H3MepHTeJIbHOrO yCTpoHcTBa nOKaJaHa Ha

pHC. 1. B ~eHTpaJIbHOH 30He MaCCHBHoro MeTaJIJIHqeCKO-

ro 6JIOKa 1 HMeeTCSI ~HJIHH,[{pHqeCKaJI nOJIOCTb C nJIOTHO

BCTaBJIeHHblM B Hee CTaKaHOM 2 H3 neHOnJIaCTa. BnyTpb

CTaKaHa 2 Henocpe.u.cTBeHHo nepe.n: OnbITOM BCTaBJISleT-

CSICne~HaJIbHaSi MeTaJIJIHqeCKaSi KIOBeTa 3, myxHe oTBep-

CTHSIKOTOpOH 3anOJIHeHbi HCCJIe,[{yeMbIM npo.u.yKTOM 4 H

nJIOTHO npHKpbITbI cBepxy MeTaJIJIHqeCKOH KpbIllIKOH 5.
KIOBeTa npH 3TOM OKaJbIBaeTCSI nJIOTHO Ha.u.eToH Ha TOH-

KocTeHHblH MeTaJIJIHl.JeCKHHKanHJIJISIp 6, BuyTpH KOToporo

BMOHTHpoBaH MHKpoTepMHcTop. IIeHOnJIaCTOBbIH CTaKaH
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2, 06JIa,lJ,ajl MaJIOH c06cTBeHHoH TenJIOeMKOCTblO, BbIllOJI-

HjleT ,lJ,BeepYHKQHH: 06ecne4HBaeT 3a,lJ,aHHbIHpe)KHM Ten-

JI006MeHa KIOBeTbl 3 C 6JIOKOM 1 H O,lJ,HOBpeMeHHo CJIy-

)J{HTpa604HM CJIOeM TenJIOMepa, nepena,lJ, TeMneparypbl

Ha KOTOpOM0,lJ,H03Ha4HO onpe,lJ,eJI51eTnpOHHKafOI..QHH 4e-

pe3 Hero TenJIOBOH nOTOK Q('t).CTaKaH KaKTenJIOMep Bonbl-

Tax KaJIH6pYfOTCnOMOI..QblOCneQHaJIbHOHKfOBeTbl, H3rOTOB-

JIeHHOHH3 MeTaJIJIa C XopOWO H3Y4eHHOH TenJIOeMKOCTblO.

MHKpOTepMHCTop 7 H3MepjleT TeMneparypy 6JIOKa t6('t).
TennOBa5l jl4eHKa MO)KeT HCnOJIb30BaTbCjI ,lJ,JI51H3Mepe-

HHH KaK B pe)f(HMe OTTaHBaHHjI, TaK H 3aMOpa)f(HBaHH51

06pa3Qa. ECJIH onbIT CTaBHTCjI B pe)KHMe OTTaHBaHHjI 06-

pa3Qa, TO 6JIOK jl4eHKH MO)f(eT HMeTb KOMHaTHylO TeMne-

parypy, a 3anOJIHeHHaji npO,lJ,yKTOM KIOBeTa nepe,lJ, onbl-

TOM OXJI~aeTCH JII06b1M cnoc060M (HanpHMep, B MO-

P03HJIbHOH KaMepe HJIH B )f(H,lJ,KOMa30Te) ,lJ,03a,lJ,aHHOrO

HH)f(HerO ypOBHjI TeMneparypbI. 3aTeM nO,lJ,rOTOBJIeHHylO

K onbITY KIOBeTY 6blCTpO HMeBalOT Ha KanHJIJIRp 6 H OHa

Ha"UiHaeT pa30rpeBaTbCjI TenJIOBblM nOTOKOMQ("t), no cry-
nalOlIIHM K HeH OT 6JIOKa 4epe3 neHOnJIaCTOBblH CTaKaH 2.

Ba)J{HoH 4aCTbIO npe,lJ,JIaraeMOro H3MepHTeJIbHOrO yCT-

pOHCTBa 5IBJI5IeTCjIcneQHaJIbHOe 3JIeKTpOHHO-BbI4HCJIH-

TeJIbHOe yCTpOHCTBO (KOHTpOJIJIep). KOHTpOJIJIep perHCT-

pHpyeT C 3a,lJ,aHHb1MBpeMeHH~IM warOM (1 ... 20 c) nOKa-

3aHHH MHKpoTepMHcTopOB 6 H 7, C03,lJ,aBa51He06xo,lJ,HMb1H

MaCCHB 3KcnepHMeHTaJIbHbiX T04eK, OTpa)f(alOI..QHX TeM-

neparypbI KfOBeTbI t("t) H 6JIOKa t6("t). A6cOJIIOTHa5l no-

rpewHocTb H3MepeHHH TeMneparyp COCTaBJIReT 0,03 DC.
B pe)f(HMe 3aMOpa)f(HBaHHH 6JIOK TenJIOBOH jl4eHKH pa3-

MelIIalOT B MOP03HJIbHOH KaMepe C TeMneparypoH -30 DC,
a KIOBery C 06pa3QOM nepe,lJ, onbITOM Bbl,lJ,ep)KHBaIOT npH

3a,lJ,aHHOHBepxHeH TeMneparype, HanpHMep, KOMHaTHoH.

KaK H B nepBOM CJIY4ae, KOHTpOJIJIep C03,lJ,aeTHe06xo,lJ,H-

MblH MaCCHB 3KcnepHMeHTaJIbHbIX T04eK, OTpa)f(alOI..QHx

KpHBbie H3MeHeHH5I TeMneparyp tet) H t6("t).
3KcnepHMeHTaJIbHa51 HHepopMaQH5I 0 TeMnepaTypHblX
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Puc. 2. TeMnepamYPHble 3a8UCUMocmu yiJellbHou 3HmGllbnUU

(1) U 3rjJrjJeKmu8Hou menlloeMKocmu (2) pacm80pa CaC'],
nOllY'leHHble 8 peJICUMe ommaU8aHUJI

KpHBblX t("t) H t6("t) B ,lJ,aJIbHeHWeM HCnOJIb3yeTcH ,lJ,JIjIpac-

4eTa y,lJ,eJIbHOH3HTaJIbnHH H3Y4aeMoro npO,lJ,yKTa h(t) KaK

epYHKQHHTeMneparypbl.

3HTaJIbnUH h(t,to)' I1cXO,lJ,Haji epopMyJIa ,lJ,JIjIpaC4eTa

H3MeHeHHH 3HTaJIbnHH 06pa3Qa B Onbne HMeeT BH,lJ,

me M - Macca HCCJIe,lJ,yeMoro npO,lJ,yKTa;

t("t) - TeKyI..QaH TeMneparypa KfOBeTbI H 06pa3Qa;

to = t(O) - Ha4aJIbHa5l TeMneparypa 06pa3Qa B onbne;

K(t,f6) - TenJIOBaH npOBO,lJ,HMOCTb neHOnJIaCTOBOro

CTaKaHa (TenJIOMepa);

CK(t) - nOJIHaH TenJIOeMKOCTb nyCTOH KfOBeTbI.

3MnHpH4ecKHe epYHKQHHK(t,t6) H CK(t) HBJIHfOTCHnOCTO-

RHHbIMH 5l4eHKH. ,LVIH HX onpe,lJ,eJIeHHH HCnOJIb3YfOTCH,lJ,Ba

rpa,lJ,yHpoB04HblX onbITa: O,lJ,HH- C nyCTOH KfOBeTOH, a BTO-

pOH - C ,lJ,HCTHJIJIHpOBaHHOHBO,lJ,OHB Ka4eCTBe 06pa3Qa.

Ha pHC. 2 npe,lJ,CTaBJIeHa nOJIyqeHHaji B pe)f(HMe OTTaH-

BaHH5ITeMneparypHaji 3aBHCHMOCTb y,lJ,eJIbHOH3HTaJIbnHH

pacTBopa CaCl2 (KpHBaji 1).
3<lJ<lJeKTuBHaH TenJlOeMKOCTh c31jl(t). npe,lJ,CTaBJI51-

eT HHTepec npH BbI60pe OnTHMaJIbHbIX TeXHOJIOrHqeCKHX

pe)KHMOB HarpeBa H OXJIa)f()J,eHHHnpO,lJ,yKTOB. I1CXO,lJ,Ha5l

epopMyJIa ,lJ,JIRpaCqeTa 3<pepeKTHBHOHTenJIOeMKOCTH HMe-

eT BH,lJ,

d
C ).h (t) = - h(t,to)

Y' dt .

nOJIY4eHHaji TaKHM 06pa30M TeMneparypHa5l 3aBHCH-

MOCTb 3epepeKTHBHOHy,lJ,eJIbHOHTenJIOeMKOCTH pacTBopa

CaCl2 npHBe,lJ,eHa Ha pHC. 2 (KpHBaji 2).
KpuOCKOnUqeCKaH TeMnepaTypa tKp OTO)f(,lJ,eCTBJI5I-

eTCR C TeMneparypoH MaKcHMyMa Ha KpHBOH ?epepeKTHB-

HOH TenJIOeMKOCTH c3<!>(t) npO,lJ,yKTa (CM. pHC. 2).

HHTerpaJlbHaH TenJlOTa nJlaBJleHHH qnJl H 3HTaJlb-

nUH <lJa30BbIx npeBpalQeHHH CBH3aHHoii BO~bI hcJln(t) .
,LVI5I 60JIbWHHCTBa BJIarOCO,lJ,ep)KaI..QHXMaTepHaJIOB Ten-

JIOeMKOCTb BHe 30Hbl <pa30BbIX npeBpaI..QeHHH cJIa60 3aBH-

CHT OT TeMneparypbI. B CBH3H C 3THM npe,lJ,JIaraeTCH an-

npoKcHMHpoBaTb cooTBeTcTByfOI..QHe yqaCTKH npHMbIMH

JIHHH51MHhI(t), hit) H 3KCTpanOJIHpOBaTb Ka)f(~YfO 113HHX

,lJ,0KpHOCKonH4eCKOH TeMneparypbI tKp (nyHKTHpHbIe npH-

Mble Ha pHC. 3). no 3THM npjlMbIM B03MO)f(HO, Bo-nepBbIX,

Bbl4HCJIHTb HHTerpaJIbHYfO y,lJ,eJIbHYfOTenJIory nJIaBJIeHHH

qnJI npO,lJ,yKTa H, BO-BTOpbIX, BbI,lJ,eJIHTbH3 3HTaJIbnHH npo-

,lJ,yKTa3HTaJIbnHIO epa30BbIX npeBpaI..QeHHH h<!>n(t), KOTopble

paCCLJHTblBalOT no COOTHoweHHHM



h~n(t < tKP) = h(t) - hj(t);
h (t > t ) = h(t) - h2(t) - q .~ ~ ~
,l);uclJclJepeHQUaJIhHaH TenJloni nJlaBJleHHH wet) CBH-

3aHHOH B0ll.hI MO)KeT 6bITb onpe.n.eJIeHa .n.11<p<pepeHIJ.HpO-

BaHHeM COOTHOlIIeHHH (8) no TeMneparype

wet) = _d h_l\lfi_(_t).
dt

Hcxo.n.Hoe BJlarOCOll.ep)KaHUe npO.llyKTa uHCX• Co-

maCHO onpe.n.eJIeHHIO BJIaroco.n.ep)KaHHe npo.n.yKTa B 06-

ll.\eM CJlytIae BbltIl1CJISleTCSIno <popMyJIe

M.u-------
M-M.

r.n.eM - nOJIHM Macca 06palIJ.a;

M - Macca BO.n.bIB 06palIJ.e;

M
B

_ M - Macca TBep.n.bIX (CyXHX) KOMnOHeHTOB B•
06palIJ.e.

IToJIYtIeHHM B OnbITe 3KCnepHMeHTaJTbHM I1H<popMaIJ.HSI

n03BOAAeTonpe.n.eAATb u
HCX

.n.BYMSIcnoc06aMI1. B nepBOM H3

HHX nOJIHM Macca co.n.ep)KaI.I..J.eHCSIB 06palIJ.e BO.n.bIBbItIHC-

AAeTCSIno Hai1.n.eHHoHB OnbITe y.n.eJIbHOHHHTerpaJTbHOHren-

JIOTeMaBJleHHSI qnn' KOTOpM OTHeceHa B (7) K nOJlHOHMacce

M 06palIJ.a. CJIe.n.OBaTeJIbHO,)l..JUIpactIeTa HCXO.n.HOroBJIa-

roco.n.eP)KaHHS!B 06palIJ.e CnpaBe,1J.J1HBOCOOTHOlIIeHHe

UHCX =
qlUlo -qlUl

r.n.eqnn. - y.n.eJlbHaSlTenJlOTa nJIaBJIeHHSI .n.I1CTI1JIJIl1pOBaH-

HOHBO.n.bl.

Bo BTOpOM cnoc06e uHCX onpe.n.emnoT tIepe3 3KCnepl1-

MeHTaJTbHOHaH.n.eHHoe 3HatIeHI1e y.n.eJIbHOH TenJlOeMKOC-

TI1 c npo.n.yKTa Ha npaBoM ytIaCTKe KpHBOH c3cjJ(t), Kor.n.a

06paleIJ. nOJIHOCTbIO pa3MOp0)KeH (CM. Pl1c. 2, Kpl1BaSl 2).
PaCqeTHM <popMyJIa HMeeT BH.n.

U
HCX

=
Co - Cc

r.n.ec. - y.n.eJIbHaSlTeMoeMKOCTb .n.HCTHJIJIHpOBaHHoHBO.n.bI

B6JII13H KOMHaTHoH TeMneparypbI;

Cc - y.n.eJIbHaSlTeMoeMKOCTb nOJIHOCTbIO BbIcYlIIeH-

Horo npo.n.yKTa (3HatIeHHSI ee,1J.J1S1Ka)K.lJ.OHrpynnbI npo-

.n.yKTOB 06bItIHO XOpOllIO H3BeCTHbI HJIH orrpe.n.eJISlIOT

3KCrrepl1MeHTaJTbHO).

BJlarocO.llep)KaHUe u(t) Ha pa3J1HQHhIX ypOBHHX

TeMneparyphI B 06J1aCTU KpUCTaJlJlH3aQHH CBH3aH-

HOH BO.llhI. ,l(JISI ero paCtIeTa MO)KHO BOCnOJIb30BaTbCSI

HaH.n.eHHoH BbIllie TeMneparypHoH 3aBHCHMOCTbIO y.n.eJIb-

HOH 3HTaJTbnHI1 <palOBbIX rrpeBpaI.I..J.eHHHcBSl3aHHoH BO.n.bI

hcjJn(t) no COOTHOllIeHI1IO (8). 3HatIeHHSI hcjJn(t) OTHeCeHbI B

(8) K nOJIHOH Macce 06pa3IJ.a, n03ToMY BJIaroco.n.ep)KaHHe

u(t) MmKHO onpe.n.eJlSlTb c rrOM0I.I..J.bIOCOOTHOllIeHHSI

u(t) = hl\ln (t)
qnll 0 - hl\ln (t)

,l);OJlH HeBhIMOp0)KeHHOH B0.llhl WHR(t) Ha PalJIHQHblX

ypOBHSlX TeMneparypbI, onpe.n.eJISleMM OT 06I.I..J.eHMaCCbI

npo.n.YKTa, MO)KeT 6bITb BbItIl1CJIeHa no <p0pMYJle

WHO (t) = hqm (t) .
qnllB

TaKI1M 06pa30M, HCnOJIb3YSl He60JIbllIHe KOJIHtIeCTBa

nl1I.I..J.eBbIXnpo.n.yKToB, C nOM0I.I..J.bIOpaccMoTpeHHoro Me-

To.n.a H yCTpoHcTBa MO)KHO onpe.n.eJIHTb 3a 20 - 30 MI1H

KOMnJIeKC TenJIOBblX xapaKTepHCTI1K.

CJIe.n.yeT OTMeTI1Tb, tITO npl1MeHSleMbIe B HaCTOSlll.\eH

pa60Te npHeMbl pellIeHI1S1 HeJlI1HeHHbIX 3a.llatI TenJlOnpo-

BO.n.HOCTHn03BOJlSlIOT palpa60TaTb MeTo.n.bI 11YCrpoHcTBa,

npe.n.Ha3HatIeHHble .n.JlSlonpe.n.eJIeHHSI nepeHocHbIX T<1>X

BJIaroco.n.ep)KaI.I..J.l1xMaTepHaJTOB.

ITOJlyqeHHbIe HaMH TeOpeTHtIeCKHe H npaKTHtIeCKHe

pe3YJlbTaTbI MoryT 6bITb nOJIe3HbIMH .n.JISIonpe.lleJIeHI1S1

y.n.eJIbHOHTenJIOeMKOCTH H 3HTaJIbnHH TOHKO.llHCnepCHbIx

BJIaroco.n.ep)KaI.I..J.HXMaTepHaJTOB B YCJIOBHSlX HX 3aMopa-

)KI1BaHI1S111palMOpa)KHBaHHSI; npH npoeKTHpoBaHHH aHa-

JIOrl1tIHbIX TenJlOH3MepHTeJIbHbIX yCTaHoBoK ,1J.J1S1H3ytIe-

HI1S1TenJIOBbIX H BJIa)KHOCTHbIX CBOHCTB BJIaroco.n.ep)Ka-

I.I..J.I1XMaTepHaJTOB; npH aBTOMaTH3aIJ.HH TenJI0<pH3HtIeCKI1X

npH60poB 11yCTaHoBoK.
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