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TellJIOnpOBo,n:HOCTh 3eOTponHoro XJIa,n:areHTa R32jR134a*
j{-p meXH. HayK O. 6. IJ.BETKOB, KaHa. meXH. HayK 10. A. JIAllTEB, A. K. YIIIAKOBA

CaHKm- IIemep6yp2cKuu Hau,uOHaJlbHblU uCCJleaOeame/lbCKUU yHueepcumem JfTMO
JfHcmumym XO/lOaa U 6uOmeXHO/102UU
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By means of the coaxial cylinder method the thermal conductivity of refrigerants R32, R134a and R32/R134a
zeotrop mixture was measured. The measured data are presented. The overall accuracy of the measurements
is estimated.
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A3eOTponHble J1Hea3eoTponHble CMeCJ1OpraHJ1-

tIeCKJ1XCOe~J1HeHJ1MB nOCJIe~HJ1erO~bI CTaJIJ13<p<peK-

TJ1BHOM3aMeHoM XJI~areHToB B HJ13KOTeMneparyp-

HbIX CJ1CTeMaXJ1TeT1JIOBblXHacocax. B a3eoTnponHbIX

CMecHX B COCTOHHJ1J1paBHOBeCJ1H COCTaB napOBOM

J1)J(H~KOCTHOH<pa3He J13MeHeH. B 3eOTnponHbIX CMe-

CHXB yCJIOBJ1HX<pa30Boro nepexo~a nOHBAAeTCH«TeM-

nepaTYPHbIM rJIa~», T. e. HepaBeHCTBO TeMnepaTYP

napa M ~KOCTM B COCTOHHJ1J1HaCbIIl.I,eHJ1H.B COOT-

BeTCTBMMC BeJIl1tIJ1HOMrJIa~a CMeCMTepMO~J1HaMJ1-

tIeCKJ1 yaCTO yCJIOBHO ~eAAT Ha KBa3Ma3eOTponHble

J13eOTponHble. B nepBOM cJIY'Iae rJIa~ He npeBblwa-

eT 1°C, BO BTOpOM - ~OCTJ1raeT 5 °C J160JIee.
HaCTOHIl.I,aJIpa60Ta nOCBJIIl.I,eHaM3MepeHJ11OTen-

JIOnpOBO~HOCTJ13eOTponHbIX KOMn03J1U;J1M.HCnOJIb-

30BaH CTaU;J10HapHbIM MeTO~ KOaKCJ1aJIbHblX U;J1JlJ1H-

~pOB. 51yeMKa npOBO~J1MOCTJ1COCTOHJIaJ13~BYX Bep-

TJ1KaJIbHbIXKOaKCJ1aJIbHblXU;J1JlJ1~POB, pa3~eJIeHHblX

3a30pOM BeJIHYJ1HOM 0,22MM. ,l:(JIJ1Ha B}{yrpeHHero

U;J1JIHH~pa COCTaBAAeT 100,1 MM, Hap)')KHbIM ~J1a-

MeTp paBeH 14,67MM. ITo OCH Hap)')KHoro U;J1JlJ1~pa

~J1aMeTpOM 108MM J1 MJ1HOM 320MM npOCBepJIeHO

OTBepCTMe ~MaMeTpOM 15,11 MM. KOaKCJ1aJIbHble U;J1-

JIJ1H~PbI H3rOTOBJIeHbI J13 3JIeKTpOJIJ1Tl1yeCKOMMe~J1

J1TIl.I,aTeJIbHOnOJIJ1pOBaJIJ1Cb.Hap)')KHaJI nOBepXHOCTb

BHyrpeHHero U;J1JlJ1~pa XpOMHpOBaJIaCb. Pa60tIJ1M

3a30p Me)f(,[{)' U;J1JlJ1~paMJ1 06eCnetIMBalOT BoceMb

<pTopOT1JIaCTOBblX WTJ1<pTOB ~J1aMeTpoM 1MM, 3a-

npeCCOBaHHble B CneU;J1aJIbHble CBepJIeHJ1Hno KpaJIM

BHyrpeHHero U;J1JlJ1~pa. Oc06eHHocTblO KOHCTpYK-

U;J1J1H3MepHTeJIbHOM JIyeMKJ1 CTaJI MOHTCUKHbIMY3eJI

~ pa3MeIl.l,eHJ1Hu;eHTpaJIbHOrO HarpeBaTeAA JIYeMKJ1

J1 TepMonap, npe~cTaBAABIIIJ1M C060M MeTaJIJIJ1tIeC-

KYlO T1JIawKYC BBapeHHbIMM KanJ1JlAApaMJ1 J13Hep)l(a-

BelOIl.I,eMCTaJIM. ITPJ1 MOHTa)I(e BHyrpeHHJ1M U;J1JlJ1~P

H~eBaJIJ1 Ha KanJ1JIAApbI, T1JIaWKayrrJIOTHHJIaCbB BbI-

TOYKe Hap)')KHorO U;J1JlJ1~pa J106eCnetIJ1BaJIa repMe-

Tl1tIHOCTb. HaJIJ1'IJ1e MOHTCUKHOroY3JIa, B COtIeTaHJ1J1

C u;eHTpMpYlOIl.I,J1MM llITJ1<pTaMJ1, 06eCnetIJ1BaeT Ha-
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~e)J(H)'JOyCTaHOBKY pa60tIero 3a30pa.

,l:(JIJIYMeHbWeHJ1H aKCJ1aJIbHblX yretIeK TeT1JIOTbI

CTOPU;OBBHyrpeHHero U;J1JlJ1~pa npJ1MeHJIJIJ1Cb<pTO-

pOnJIaCTOBble rrp06KJ1. BepXIDUI rrp06Ka BCTaBJIHJIaCb

B CrreU;MaJIbHOe yrny6JIeHJ1e, Hl1)I(HJIJI rrpe~CTaBJIHJIa

C060M <pTopOT1JIaCTOBble~J1CKJ1,H~eBaeMble Ha Ka-

rrJ1JlAApbI MOHTCUKHoroY3JIa. ITp06KJ1 3arrOJIHHJIJ1CBO-

60~Hoe rrpocTpaHcTBo, 06eCnetIl1BaJI oTcyrcTBJ1e 3<p-

<peKTa «rretIHOM Tpy6bI» B JIYeMKe.

HarpeBaTeJIb J13 HJ1XpOMOBOM rrpOBOJIOKJ1 ~J1a-

MeTpOM 0,3 MM, COrrpOTJ1BJIeHJ1eM138 OM C J1CrrOJIb-

30BaHl1eM 6J1<pJ1AAPHOMHaMOTKJ1 06eCneYMBaJI paB-

HOMepHOCTb TeT1JIOBoro nOTOKa no MJ1He BHyrpeH-

Hero U;J1JlJ1~pa. HarpeBaTeJIb J1MeJI rrOTeHlJ,HaJIbHble

OTrraMKJ1~ J13MepeHJ1HMOIl.l,HOCTMHarpeBaTeJIJI.

ITeperr~ TeMrreparyp B CJIoe BeIl.l,eCTBaJ13MepHJIJ1

TpeXCrraMHOM Me~b-KOHCTaHTaHOBOM TepMorrapoM.

TepMorrapbI J13rOTOBJIeHbIJ13KOHCTaHTaHOBOMJ1Me~-

HOM rrpOBOJIOKJ1MHOrOJIeTHeM Bbmep)l(](J1, rrpOBepeH-

HOM Ha rOMoreHHOCTb. ,l:(orrOJIHJ1TeJIbHble OTrraMKJ1

TepMorrap rr03BOJIHJIJ1 J13MepJITb a6COJIlOTHble TeM-

rrepaTYPbI lJ,J1JlJ1~POB. ,l:(AA YMeHbWeHJ1H KOHTaKT-

HblX TepMJ1tIeCKJ1XCOrrpOTJ1BJIeHMHB MecTax 3~eJIKJ1

cnaeB TepMorrap J1CrrOJIb30BaJIJ1CbCrreU;J1aJIbHble BbI-

COKOTeMrreparypHble TeT1JIOrrpOBO~Hble rraCTbI. CrraJ1

J1 rrpOBo~a TepMorrap 3JIeKTpJ1'IeCKJ1 M30JIJ1pOBaHbI

OT3aIl.l,J1THblXKanJ1JlAApOB. CrraJ1 TepMonap B Hap~-

HOM J1BHyrpeHHeM U;J1Jl~pax HaXO~I1JIMCbHa O~HOM

ypOBHe. 3a npe~eJIaMJ1 30HbI TepMOCTaTJ1pOBaHJ1H

TepMorrapbI rro~coe~J1HHJIJ1Cb K rrOTeHlJ,J10MeTpy tIe-
pe3 cB060~Hble OTTepMo-3,l:( C J13aIl.l,HIl.I,eHHble OTKO-

JIe6aHMH Hap)')KHOM TeMrreparypbI rrepeKJIlOtIaTeJIJ1.

,[(AA rp~POBKJ1 TepMorrap «rro Mecry» J1CrrOJIb-

30BaJIJ1 06pa3lJ,OBbIM T1JIaTJ1HOBbIMTepMOMeTp CO-

rrpOTliBJIeHJ1H ITTC-lO, aTTeCTOBaHHbIM B MHCTJ1Tyre

MerpOJIOrJ1J1 J1M. ,l:(. H. Me~eJIeeBa. TepMOMerp CO-

npOTJ1BJIeHJ1Hpa3MeIIJ;aJIJ1B 3arraJIHHOM fI1JIb3e B crre-

U;J1aJIbHOMCBepJIeHJ1J1Hap)')KHOrO lJ,J1JIJ1H~pa.

TerrJIOBaJI J1HepU;J1HHap~Horo Me~Horo U;J1JIJ1H-

~pa MaCCOMrrOtITJ120 Kf COBMeCTHOC CHCTeMOMaBTO-

MaTJ1'IeCKOrO rrOMep)l(aHJ1H TeMnepaTyp 06eCnetIJ1Ba-

JIa rrpJ1eMJIeMYlO cTa6J1JlbHOCTbHe ~e 0,005 °C.



KOHTPOJIb TeMnepaTYPbI no BbICOTe Hap)')KHoro

J..J,J1JII1H,l1,pa06eCne'lI1BaJIa 'leTblpeXCnaMHa5I MeAb- KOH-

CTaHTaHOBa5I AI1cPcPepeHJ..J,I1aJIbHa5I TepMonapa, cnall

KOTOpOH 6bIJU1 paBHOMepHO pacnpeAeJIeHbI no BbICO-

Te 5I'leHKI1.

BaI<YyMI1pOBaHI1e rMApaBJII1':leCKOH CI1CTeMbI

np0I13BOAJ1JIOCb cPopBaKYyMHbIM HaCOCOM BH-461M

11 BbICOKOBaKYyMHbIM HaCOCOM MapKI1 H-0,0025-2.

)l.JI5I KOHTPOJUI CJl)')KI1JI I13MepI1TeJIbHbIH KOMIlJIeKC

BMT -311 06pa3J..J,oBble BaKYyMMeTpbI.

Tpe6yeMoe AaBJIeHJ1e C03AaBaJII1 TeIlJIOBbIM MYJIb-

TI1IlJII1KaTopOM. )l.aBJIeHI1e I13Mep5IJI11 06pa3J..J,oBbIM

MaHOMeTPOM MapKI1 MO KJIacca 0,16 11 J..J,11cPPOBbIM

I13MepI1TeJIbHbIM npe06pa30BaTeJIeM AaBJIeHI15I T11na

MIl)l.U KJIacca 0,06.

IlI1TaHI1e OCHOBHoro HarpeBaTeJUI OCYJ-LI,eCTBJI5IJI11

BblcoKOCTa6I1JI113I1pOBaHHbIM I1CTO'lH11KOM nOCT05IH-

HOro TOKa T11na KEHC-4. 3JIeKTpI1':leCKI1e 113MepeHI15I

npOBOAJ1JI11 CnOMOIJ..J,bIOnonyaBTOMaTI1':leCKOrO nOTeH-

J..J,I10MeTpa T11na P363/1 KJIacca 0,001 'lepe3 6ecTepMo-

TO'lHbIH nepeKJIIO'laTb EIl-220. U11cPpoBble np1160pbI

I1Cn0JIh30BaJII1Cb AJUI BI13Ya.TIbHOrO KOHTPOJUI I13Mep5I-

eMbIX BeJII1':l11H. HOPMaJIbHbIM 3JIeMeHT 1106pa3J..J,oBble

KaT)'lllKI1 COnpOT11BJIeHI15I I13Mep11TeJIbHOH CI1CTeMM

TepMOCTaTI1pOBaJII1Cb B MaCJI5IHOH BaHHe np11 TeMne-

paTYPe 20±0,2 dc. MOHT(l)I( 3JIeKTP0113Mep11TeJIbHbIX

J..J,eneH yCTaHOBKI1 BbIIlOJIHeH 3KpaHI1pOBaHHbIM Ka6e-

JIeM C 11H,l1,11BI1AYaJIbHbIM3a3eMJIeH11eM.

CMeC11 XJIaAareHTOB rOTOBI1JII1 MaCCOBbIM cnoco-

60M. IlorpelliHOCTb onpeAeJIeHI15I COCTaBa He npeBbI-

llIaJIa 0,2 %. OnbITbI npOBOAI1JI11 no 11306apaM. MCnOJIb-

30BaJII1Cb pa3JII1':lHbIe nepenaAbI TeMnepaTYP AJUI KOH-

TPOJI5I KOHBeKT11BHbIX 11CK(l)I(eH11H MOJIeKyJUlpHOrO

nepeHoca. JI11H1111 cPa30BbIX paBHOBeCI1M 3eOTPonOB

OJ..J,eHI1BaJI11no MeTOAI1Ke MIl3 HAH EeJIapyc11 [1].

Ha KBa3I1I130XOpax 113MeH5IJII1 AaBJIeH11e )I(l1,lJ;KOHcPa3bI

AO nepeXOAa B 06JIaCTb napa, 'lTO cP11KCI1POBaJIOCb

no 3aMeTHOMY 113MeHeH11IO nepenaAa TeMnepaTYP

B CJIoe 113Mep5IeMOM KOMn0311J..J,1111.«CTYITeHbKI1» 113-

MeHeHI15I AaBJIeH11H He npeBbIllIaJI11 B 06JIaCTI1 O)l(l1,lJ;a-

eMoro cPa30Boro nepeXOAa 0,01-0,02 MIla. KOHTPOJIb

3a YCTOM'l11BOCTbIO cPa30Boro COCT05IHI15I OCYJ-LI,eCT-

BJI5IJIC5I 113MepeHI15IMI1 AJUI HaiiAeHHbIX HOMI1HaJIOB

AaBJIeHI15I B AI1ana30He ± (0,2-0,3) MIla. Ilp11 3TOM

I1MeJII1 MeCTO «BbI6poCbI» TeIlJIOnpOBOAHOCT11 npI1 no-

I1CKe TO'leK cPa30BOrO paBHOBeCI15I I13-3a TeMnepaTYP-

Horo maiiAa, nOCKOJIbKy n05IBJI5IJI11Cb KOHBeKTI1BHble

5IBJIeHI15I - KI1neH11e 11KOH,ll,eHcaJ..J,I15I.

ATTecTaJ..J,I15I3KCnep11MeHTaJIbHOM yCTaHOBKI1 npo-

BeAeHa B 11HTepBaJIe TeMnepaTYP 293-403,15 K 113Ha-

'leHI1H TeIlJIOnpOBOAHOCT11 OT 0,008 AO 0,19 BT/(M· K)
no 06pa3J..J,oBbIM BeIJ..J,eCTBaM, 11MeIOIJ..J,11Manp0611po-

BaHHble HaAe)I(JIble AaHHble no TeIlJIOnpOBOAHOCT11:

TOnyOny (MapKI1 «lJ)JA» no [OCT 9880-76 C 99,5% oc-

HOBHOro npoA)'KTa), reJI11IO 11aproHy OC060H 'l11CTOTbI

(99,99%), XJIaAareHTy R22 B )I(l1,lJ;KOM11ra3006pa3HoM

COCT05IHI1I1 (99,9% A11cPTOpXJIOpMeTaHa).

MCCJIeAYeMbIe 06pa3J..J,bI XJIaAareHTOB R32 11R134a

6bIJII1 npeAOCTaBJIeHbI [ocYAapcTBeHHbIM 11HCTI1TYTOM

np11KJIaAHOM XI1M11I1 (CaHKT- IleTep6ypr) 11 COAep)Ka-

JIll COOTBeTCTBeHHO 98,9% 11 99,1 MaCCOBbIX npOJ..J,eH-

TOB OCHOBHoro BeIJ..J,eCTBa.

XJIaAareHTbI AOnOJIH11TeJIbHO O'l11IJ..J,aJII1OT HeKOH-

AeHCI1pyeMbIX np11MeCeH C nOMOIJ..J,bIO)I(l1,lJ;KOrO a30Ta

11 YAaJIeHI15I OCTaTO'lHbIX ra30B BaKYyMI1pOBaH11eM.

KOHTPOJIb OKOHtIaHI15I 3aTBepAeBaHJ15I 06pa3J..J,a ocy-

IJ..J,eCTBJI5IJIC5IC nOMOIJ..J,bIO 06pa3J..J,oBoro BaKYYMMeTPa.

)l.JU1 O'lI1CTKI1 OT CJIeAOB BJIar11 B C11CTeMe npeAYCMOT-

peH OCYIII11TeJIbHbIH naTPOH.

OnbITbI C 11H,l1,11BI1AYaJIbHbIMI1XJIaAareHTaM11 nOB-

TOp5IJI11 HeCKOJIbKO pa3. IlepeA Ka)KAbIM 3anOJIHeH11eM

yCTaHOBKy BaKYyM11pOBaJI11.

Ilp11 CTaJ..J,110HapHOM pacnpeAeJIeHI1I1 TeMnepaTYP

B 3a30pe Me)KA)' J..J,I1JI11H,l1,paM11,MOIJ..J,HOCTI1HarpeBaTe-

JI5I W11 nepenaAe TeMIlepaTYP /),t cPoPMYJIa TeIlJIOnpO-

BOAHOCT1111MeeT BMA
WA.=C-, (1)
/),(

rAe C - reOMeTPI1':leCKa5I KOHCTaHTa np1160pa.

KOHCTaHTY C paCC'lI1TbIBaJI11 no pe3YJIbTaTaM 113-

MepeH11M pa3MepOB J..J,I1JI11H,l1,pI1':leCKI1XnOBepXHOCTeM.

IlpeAnO'lTeH11e 6bIJIO OTAaHO 3TOMY MeTOAY B npOTI1-

BOBec MeTOAY, OCHOBaHHOMY Ha MAeHTI1':lHOCT11 cPOPM

3JIeKTPI1':leCKI1X 11 TepMJflIeCKI1X nOJIeH B pe)KI1Me 113-

MepeH11M TeIlJIOnpOBOAHOCT11, KorAa 5I'leHKa npOBO-

AI1MOCTI1 accoJ..J,I111pyeTC5I C KOHAeHcaTopOM onpeAe-

JIeHHOM eMKOCTI1 [2]. IlpI1 MaJIbIX 1160JIbllII1X 3a30pax

MeTOA np11MeH5ITb He J..J,eJIeC006pa3HO, XOT5I 3a30pbI

B A11ana30He 0,2-0,5MM no AaHHbIM [2] AOrryCT11-

MbI AJUI onpeAeJIeHI15I KOHCTaHTbI C. TeM He MeHee,

BJII15IH11e KOHe'lHOM M11HbI J..J,I1JI11H,l1,pa,ero TOpJ..J,OB,

oc06eHHO J..J,eHTP11PYIOIJ..J,I1XBHyTpeHH11H J..J,J1JI11HAP

IlITI1cPTOB 11 COOCHOCT11 B pacnOJIO)KeHI1I1 J..J,J1JI11H,l1,POB

np11 I1X cPaKTI1':leCKOH cP11KcaJ..J,11I1B I13Mep11TeJIbHOH

5I'leMKe C03AaIOT peaJIbHble, 'laCTO HeOAH03Ha'lHble

norpelliHOCT11.

B cPoPMYJIe (1) )"l11TbIBaJII1 nOTepI1 TeIlJIOBOrO no-

TOKa 'lepe3 J..J,eHTp11pYIOIJ..J,11ellITI1cPTbI, C TOpJ..J,OBBHyT-

peHHero J..J,I1JI11H,l1,pa,no npOBOAaM TepMonap 11 Ha-

rpeBaTeJUl, MeTaJIJI11'leCKI1M KanI1JIJUlpaM, nOnpaBKI1

Ha 3aAeJIKy TepMonap 11 HepaBHOMepHOCTb TeMne-

paTYPHOrO nOJI5I no M11He BHyTpeHHero J..J,J1JII1H,l1,pa,

a TaK)Ke nOnpaBKI1 Ha 11CK(l)I(eH11e MOJIeKyJI5IpHOrO

nepeHoca TeIlJIOTbI 3a C'leT KOHBeKIJ:1111, TepMOAI1cP-

cPY3111111 PaA11aJ..J,I10HHOrO nepeHoca TeIlJIOTbI B CJIoe

11CCJIeAYeMOrO BeIJ..J,eCTBa.

IlonpaBKI1 Ha YTe'lKI1 TeIlJIOBOrO nOTOKa C TOpJ..J,OB

11Ha 3aAeJIKYTepMOnap OnpeAeJI5IJII1 paC'leTOM [3]. AHa-

JII1TI1':leCKI1M nOAXOA TaK)Ke 11Cn0JIh30BaH np11 aHaJII13e

TeMIlepaTYPHoro noJUI no MI1He BHyTPeHHero J..J,J1JII1H-

Apa [4]. IlonpaBKI1 Ha HepaBHOMepHOCTb TeMIlepaTYP

KOppeJII1PYIOTC5I C TeIlJIOnpOBOAHOCTbIO MaTepI1aJIa

BHyTPeHHero I..01Jl.l{H,lI,pa 11 TeIlJIOnpOBOAHOCTbIO I1C-

CJIeAYeMoro ra3a I1JII1 )KJ1AKOCTI1. Hanpl1Mep, nonpaB-

Ka B pa60Te [5], COCTaBJI5IJIa 3% M5I TeIlJIOnpOBOAHOC-

TI1 )KJ1AKOCTI10,1 BT/(M . K) 11 5% M5I 0,2 BT/(M . K)

np11 3a30pe 0 = 0,25MM, a B pa60Te [6] M5I 3Ha'lemrn

3a30pOB 0,366-0,616MM npI1 TeIlJIOnpOBOAHOCTI1 ra-

30B 0,01 BT/(M . K) nonpaBKa He npeBbIllIaJIa 0,3%,

AJUI3Ha'leHI1MTeIlJIOnpOBOAHOCT110, 1-0,2BT/(M· K)AO-

CTI1TaJIa 2 % 11COCTaBJI5IJIa 15,5 % np1111CCJIeAOBaHI1I1 BOAbI
(/,.;:0:0,6 BT/(M· K».



OT TennOnpOBOLl,HOCTM MCCneLJ,yeMOrO BellJ,eC-

TBa 3aBI1CI1T Ll,OmI nOTepb TennOTbI no KanMnmIpaM

LI,mI BBOLl,anpOBOLl,OBHarpeBaTemI M TepMonap BH)'T-

peHHero lI,MnMHLI,pa. BenWlMHa nOTepb MaKCMManbHa

LI,mI ra30B. TaK LI,mI aproHa (A.::::: 0,018 BT/(M . K» no-

TepM MOryr Ll,OCTMraTb6% OT 061lJ,eti BenlfllliHbI Ten-

nOBoro nOTOKa npM 15 = 0,25 MM [5].

llpoll,ecc MoneKYmIpHOrO nepeHoca MCKa)l(aeT

eCTeCTBeHHa51KOHBeKll,IDI. KOHBeKTMBHbIti nepeHOC

peaneH npM MCCneLl,OBaHMM)l(MLl,KMX xnaLJ,areHTOB,

a npl1l1CCneLl,OBaHMI1cMeceti KOHBeKTMBHbIti nepeHOC

MO)l(eT 6bITb OCnO)I(HeH TepMOLl,M<p<py3Meti,oc06eHHO

npM MCCneLl,OBaHl1l1cMeceti C KOMnOHeHTaMl1, pe3KO

OTnlflIalOllJ,l1MMC5I no MOneKYmIpHoti Macce M K03<p-

<pl1l1,MeHTaMLl,M<p<pY3MM.llPM peanM3all,l1M 3KCnepl1-

MeHTa 6bInM ytlTeHbI 3aBMCMMOCTM, npMBeLl,eHHbIe

B CTaTbe [7]. OnbITbI npOBOLl,Mnl1npl1 pa3nlflIHbIX 3Ha-

':IeHIDIX nepenaLJ,OBTeMnepaTyp BcJloe BellJ,eCTBa.llon-

paBKM Ha KOHBeKll,MIOMTepMOLl,M<p<py3111OHe BBOLl,Mnl1,

npMHI1MaH BO BHI1MaHMe TOJlbKOTe 3KCnepl1MeHTanb-

HbIe 3Ha':leHIDI TennOnpOBOLl,HOCTM,KOTopbIe He 3aBM-
cenl1 OT f..T. llonpaBKa Ha paLJ,Mall,l10HHbIti nepeHOC

TennOTbI LI,mI ra30B BBOLl,MnaCbKaK LI,mI np03pa':lHbIX

cpeLl, B 06naCTI1 ':IaCTOTB6J1M3MMaKCMMYMa <PYHKlI,l1l1

llnaHKa [8]. Cno)I(Hee npOBOLl,l1Tb ytleT paLJ,Mall,MOH-

Horo MeXaHI13Ma npM nepeHoce TennOTbI B ':IaCTlflIHO

np03pa':lHbIX cpeLl,ax. OTMeTMM, ':ITO BKJlaLJ,nytll1CTOti

COCTaBmIlOllJ,eti onpeLl,emIeTC5I TeMnepaTypoti, K03<P-

<pl1l1,l1eHTaMMnOrnOllJ,eHIDI 11 rrpenOMneHIDI CpeLl,bI,

CTeneHblO ':IepHOTbI KOaKCl1anbHbIX rroBepXHocTeti.

I1cK~eHIDI K03<P<P1111,MeHTaTennOrrpOBOLl,HOCTMMO-

ryr OKa3aTbC5ILl,aneKOHe npeHe6pe)I(MMbIMM. AHan113,

rrpOBeLl,eHHbIti LI,mILl,aHHbIXno TennOrrpOBOLl,HOCTMyr-

JleBOLl,OpOLl,OB[9] nOKa3an, ':ITOpaLJ,Mall,MOHHaJICOCTaB-

mIlOllJ,a51TennOrrpOBOLl,HOCTMBcnoJIX 3- 5 MM rrpl1 TeM-

nepaType 473 K MO)l(eT Ll,OCTl1raTb60nee 30%. B cnoJIX

TOnllJ,MHoti 0,5-0,7 MM paLJ,Mall,MOHHaJICOCTaBmIlO-

llJ,aJI nOp5lLl,Ka 2-3% npM KOMHaTHbIX TeMrrepaTypax,

npM':IeM B BellJ,eCTBax, aCCOll,Ml1pOBaHHbIX3a C':IeTBO-

Ll,OPOLl,HbIXCB5I3eti ponb nytlMCTOti TennOnpOBOLl,HOCTM

HeBenl1Ka B CB5I311C 60nbWI1MM 3HaqeHIDIMl1 K03<p-

<pl1l1,MeHTOBnOrnOllJ,eHIDI MH<ppaKpacHoti paLJ,Mall,MM.

KaK OTMe':leHO aBTopaMM CTaTbM [1], rrpM BenlflIl1He

3a30pOB 0,5-1 MM, Ha':lMHa51 OT KOMHaTHbIX TeMne-

paTyp, B03MO)l(eH 3aMeTHbIti BKJlaLJ,paLJ,Mall,MOHHoti

COCTaBmIlOllJ,eti. ,1J.OmI nytlMCTOti TennOrrpOBOLl,HOC-

TI1, rro nMTeparypHbIM Ll,aHHbIM, 3aBMCMT OT MeTOLl,a

113MepeHIDI TennOnpOBOLl,HOCTM. IJ:116naHLl,M EapToH

npM 113ytleHI111TennOnpOBOLl,HOCTl1TonyOJla MeTOLl,OM

KOaKCl1anbHbIX lI,MnMHLI,POBLI,mI Ll,Byx 3a30pOB 0,26

11 0,76MM He 06Hap~M BnIDIHMe paLJ,Mall,l1l1 [8].

,1J.mIH-OKTaHa B MeTOLl,eHarpeToti HMTMnpM TeMnepa-

Typax 20 M 70°C Ll,OmIpaLJ,Mall,Ml1B M3MepeHHoe 3Ha':le-

HMe TennOrrpOBOLl,HOCTM COCTaBMna COOTBeTCTBeHHO

0,6 M 1,2% npl1 COOTHoweHMM PaLJ,MYCOBKoaKCManb-

HbIX rroBepXHocTeti HMTl1 M OKp~alOllJ,erO ee KaIIMn-

mIpa paBHoro 10.

CneKTpbl nporrycKaHl151 M3ytlaeMbIX B HaCT05lllJ,eti

pa60Te xnaLJ,areHTOB B 06naCTl1 )l(MLl,KOrO COCT05lHl151

B nMTeparype He 113BeCTHbI.B lI,enOM K03<P<P1111,11eHTbI

nOrnOllJ,eHIDI MoryrBapbl1pOBaTbC5IOTO,3L1,O 1O,OMM~1

B3aBMCl1MOCTMOTCneKTpanbHOro Ll,Mana30Ha, nplflIeM

LI,mI <pTopyrneBOLl,0p0Ll,OB 3Ta BenM':IMHa Oll,eHMBaeTC5I

Ll,l1arra30HOM 2-5 MM-1• llOpJILI,OK BenlflIl1HbI 3<p<peKTa

paLJ,l1all,l1l1Oll,eHeH B pa60Te [10] LI,mIrronynp03pa':lHoti

)l(MLl,KOCTMC K03<P<PMlI,MeHTOMnOrnOllJ,eHIDI 3,5 MM-1;

CTerreHblO ':IepHOTbI KoaKCManbHhIX rroBepXHocTeti 0,2;

TOnllJ,MH cnoeB OT 0,2 Ll,0 1,0MM M TeMrrepaTyp OT 273
Ll,0470 K. ,1J.OmIpaLJ,Mall,110HHoticOCTaBn5l1OIlJ,etiM3Me-

HJInaCb OT0,15% rrpM 270 KLI,o 0,44% npM 470 K M 3a-

30pe 15 = 0,2 MM. CymecTBeHHO, qTO LI,mI 15 = 1MM 3TI1

BenlflIl1HhI COOTBeTCTBeHHOpaBHJInMCb 0,45% 113,3%.

YqMTbIBaJI, ':ITO KOaKCl1anhHbIe lI,Mnl1HLI,plflIeCKMe rro-

BepXHOCTl1BpaCCMaTpl1BaeMoti yCTaHoBKe TllJ,aTenbHO

nOnl1pOBanl1Ch, a TOJlIlJ,MHa cno51 )l(MLI,KOCTI10,22MM

rrO':lTM B 50 pa3 6hIna MeHbwe Ll,MaMeTpaBHYTpeHHero

lI,MnMHLI,pa, nytlMCTaJI TennOnpOBOLl,HOCTb Oll,eHMBa-

naCb 3Ha':leHIDIMM, npMH5ITbIMM B [10].

C ytleTOM He06xoLl,MMbIX rrorrpaBOK 3aBI1CMMOCTb

LI,mIpacqera TennOrrpOBOLl,HOCTMMMeeT BMLI,

W - I,w: (2)'A=-----,
(M- I,Mj)X

rLl,e L w: - BKJlIO':IaeT rrOrrpaBKM Ha nOTepM TennOTbl

C TOpll,OB, KOHBeKll,Meti M paLJ,l1all,l1eti M T.LI,.; LMi -

ytleT rrorrpaBoK Ha HepaBHoMepHocTb TeMrrepaTypHO-

ro nOmI BH)'TpeHHero lI,Mnl1HL1,pa,rrepenaLJ, TeMnepa-

Typ B CTeHKax KOaKCl1anhHhIX lI,MnMHLI,POBM Ll,p.; X -
K03<P<P1111,11eHT,ytll1TbIBalOllJ,l1ti HeCMMMeTplflIHOCTh

BHyrpeHHerO TeMrreparypHoro rrOmI lI,MnMHLI,pa.

CyMMapHOe 3Ha':leHl1e paCqeTHbIX nonpaBOK

3aBl1CenO OT TennOrrpOBOLl,HOCTI1 l1CCneLJ,yeMoro Be-
llJ,eCTBa. ,1J.mI 3Ha':leHl1ti TennOnpOBOLl,HOCTI1 nop5lLl,-

Ka 0,01 BT/(M . K) 3Ta BenlflIMHa Ll,OCTMrana 10% no

LJv.M MeHee 1O%.D,n51LMi, rrplflIeM He rrpeBhIlllana

3% no L Jv. M 6 % LI,mI L Mi npl1 TennOnpOBOLl,HOCTI1

0,1 BT/(M . K) M Ll,OCTMrana 5-6% 11 15-20% COOT-

BeTCTBeHHOLI,mIA. nOpJILl,Ka0,5-0,6 BT/(M . K).

llpl1 Oll,eHKe CMCTeMaTl1':leCKMX norpewHocTeti

ytlMTbIBanMCb rrorpelllHOCTl1 M3MepeHMti pa3HOCTI1

TeMrrepaTyp B cnoe BellJ,eCTBa, onpeLl,eneHIDI reo MeT-

pl1':leCKoti KOHCTaHTbI npM60pa, 113MepeHIDI MOIlJ,HOC-

TM HarpeBaTemI, M3MepeHIDI Ll,aBneHIDI, OTHeceHIDI

M3MepeHHhIX 3Ha':leHMti TennOnpOBOLl,HOCTM no TeM-

nepaType M Ll,aBJleHl1lO. llorpelllHocTM 113MepeHI151

rro Ll,aBneHMIO He rrpeBhIlllanM 0,1 %, LI,mI a6conlOT-

HhIX TeMnepaTyp - nOpJILl,Ka 0, 1%, LI,mI rrOCT05lHHoti

JIqetiKM paBH5InaCb ±0,5%. MOIlJ,HOCTb HarpeBaTemI

M3Mep5IJIM C norpelllHOCTblO He 60nee ±0,5%. llor-

peIUHOCTh M3MepeHIDI pa3HOCTM TeMnepaTyp B cJloe
B cnytlae HaM60nbIUl1X 3HaqeHl1ti TennOrrpOBOLl,HOCTI1

BellJ,eCTBaOll,eHMBanaCb B ± 1%.

QMcno l1CTO':lHl1KOBrrorpeIUHOCTM 3Ha':lI1TeJlhHO,

HO MO)I(HO rrpeLl,nOJlO)I(MTh, qTO OHM He Ll,eticTBYJOT

OLl,HOBpeMeHHO11B OLl,HOMHanpaBneHI1M, ':ITO rr03BO-

nMnO Oll,eHMTb CyMMapHYlO rrorpeIUHOCTb HaWID Ll,aH-

HhIX B ±2,5%.
llOrrpaBKM, HatiLJ,eHHble aHanMTlflIeCKMMI1 pac':Ie-

TaMM, anp06MpoBaHbI B KOHTponhHhIX onhITax Ha TO-

nyone, R22 M renl1M [9, 11], a TaK)l(e R134a no Ll,aH-

HbIM, rrpeLl,CTaBneHHbIM B CTaTbe [12]. llo pe3YJlbTaTaM

anp06all,MM nOnytleHO ypaBHeHl1e
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r,lJ,e M - 113MepeHHM B OrrhITe pa3HOCTh TeMrrepaTYP;

W - TeIVIOBOM rrOTOK; D 11E - K03¢¢I1U:l1eHThI, MaJIO

3aBI1C511IJ;l1e OT TeIVIOrrpOBO,lJ,HOCTI1.

COrrOCTaBJleHl1e rrO.nyqeHHhIX B HaCT05IllreM pa-

60Te ,lJ,aHHhIX rro TeIVIOrrpOBO,llHOCTI1 )I(J1,llKOrO XJIa,JJ,a-

reHTa R134a C pe3YJlhTaTaMl1 pa60T [12-18] rrOKa3aHO

Ha PI1C. 1. OIJ;eHKa rrorpeiliHOCTI1 rro.nyqeHHhIX pe-

3YJlhTaTOB He rrpOTI1BOpeYI1T ,lJ,aHHhIM JlI1TepaTYPHhIX

I1CTOYHI1KOB [13,15-18].

B rrpou:ecce pa60ThI 6hma I1CCJle,lJ,OBaHa 6l1HapHa5I

KOMrr0311U:l15I XJIa,JJ,areHTOB R32 11 R134a, I1MeIOIIIa5I

COCTaB 21,8 Macc. % R32. ITo OKOHYaHl1l1113MepeHl1M

TerrJlOnpOBO,lJ,HOCTI1 CMeCI1 rrpOBO,lJ,l1JlI1Ch KOHTPOJlh-

Hhle OrrhIThI C XJIa,JJ,areHTOM R134a.

Pe3YJlhTaThI 113MepeHI1M. TeIVIOrrpOBO,lJ,HOCTI1 XJIa-

,lJ,areHTOB R32, R134a 11CMeCI1 R32/R134a rrpl1Be,lJ,eHhI

B Ta6JlI1u:e. 113MepeHHhle 3HayeHl15I TeIVIOrrpOBO,lJ,HOC-

TI1 B ¢YHKIII1I1 OT IVIOTHOCTI1 rrOKa3aHhI Ha Pl1c. 2.

3KcnepHMeHTaJIbHble )J,aHHble no TeWIOnpOBO,lJ,HOCTH
XJIa,IJ,areHTOBR32, R134a H CMeCHR32/R134a

T,K p,6ap
A.,KC'

T,K p,6ap A,'KC'
BT/(M' K) BT/(M· K)

XnaAareHT R32
CMeCb XJIa)J,areHTOB

R32 (21,8 Macc. %) 11 R134a
296,50 16,5 0,12959 296,57 17,5 0,08418
296,50 16,5 0,13160 296,57 17,5 0,08420
305,20 27,9 0,11556 297,14 19,4 0,08423
305,20 27,9 0,11734 297,12 19,4 0,08421
305,44 29,0 0,11590 305,85 41,9 0,08021
305,46 29,0 0,11856 305,87 41,9 0,08025
324,60 33,2 0,10159 305,87 29,6 0,07996
324,60 33,2 0,10160 305,87 29,6 0,07998
324,93 33,2 0,10219 323,24 60,4 0,07435
324,93 33,2 0,10259 323,27 60,4 0,07438

XnaAareHT R134a
323,40 42,0 0,07420
323,40 42,0 0,07421

294,28 6,0 0,08450 323,41 29,6 0,07406
304,42 15,0 0,07944 323,41 29,6 0,07410
304,43 15,0 0,07947 334,42 60,9 0,07048
305,04 17,2 0,07953 334,43 60,9 0,07050
305,04 17,2 0,07950 334,47 43,4 0,07031
332,79 15,1 0,06856 334,47 43,4 0,07022
332,81 15,1 0,06860 334,50 29,6 0,07012
333,95 15,1 0,06863 334,50 29,6 0,07012
333,95 15,1 0,06856 343,75 54,6 0,06539
352,11 39,4 0,06072 343,46 54,6 0,06641
352,12 39,4 0,06081 343,83 41,7 0,06630
352,46 40,9 0,06115 343,83 41,7 0,06621
352,46 40,9 0,06117 343,84 26,7 0,06608

343,84 26,7 0,06612
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