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BTOpOM BHPHaJIbHbIM K03<p<pHIJ;HeHT XJIa,n;areHTOB
,a-p meXH.HayK, nporjJ., aKaiJeMuK MAX A.B. KJIEUKH:A

CaHKm-llemep6ypecKuu eocyiJapcm8eHHblu yHu8epcumem HU3KomeMnepamypHblx U nU/t4e8b1X meXHOAoeuu

Theneed for and uses of second virialcoefficients data to help in generation
equations of state for refrigerants are reviewed. The correlating procedures
are developed for second virial coefficient estimations from different
thermodynamic data.

TeOpeTHqeCKH 060CHOBaHHOe MaHepoM H BoroJIl060BbIM

H HaJBaHHOe B HX qeCTb ypaBHeHHe COCTOgHIDI peaJIbHOrO

raJa MO:lKeT6bITb 3arrHcaHO B Blme 6ecKOHeqHbIX PMOB:

p = pRT+ Bp2RT+ Cp3RT+ Dp4RT+ ... (1)
HJIH

Z =~=1+Bp+Cp2 + Dp3 + ...
RT

r.n;ep, p, T - COOTBeTCTBeHHO.n;aBJIeHHe, llJIOTHOCTh H TeMrre-

paTYPa pa60qero Bern;ecTBa;
v - y.neJIbHbIH o6'beM;

z - Ko3Cl>q>HI.UieHTHJIH q>aKTOp C:lKHMaeMOCTH;

R - y.neJIbHM raJOBM rrOCTOgHHM.

Ko3Cl>q>H.QHeHTbIB,C,D, ... HaJblBaIOT BHPHaJIbHbIMH (CH-

JIOBblMH), TaK KaK OHH yqHTbIBaIOT CHJIbI rrpHTjJ:)I(eHIDI H OT-

TaJIKHBaHIDI Me)l(,lJ;}'MOJIeKYJIaMH peaJIbHoro raJa. 3'rn K03q>-

q>HI.UieHThI 3aBHCfl TOJIbKOOTTeMrreparypbI H HH,lI;HBH,lJ;)'aJIb-

HbI ,lJ;JIjJ:Ka:lK,lJ;OrOBern;eCTBa. OHH MOryr 6b1Tb H3BeCTHbIM

crroc060M BbJqHCJIeHbI rro 3aBHCHMOCTH rroTeH.QHaJIbHOH

3HeprHH B3aHMo.n;eHcTBHg .n;ByX MOJIeKyJI OT paCCTOgHIDI

Me)l(,lJ;}'HHMH.

Cpe,lJ;H BHPHaJIbHblX K03q>q>H.QHeHTOBoc060 Ba:lKHYIO POJIb

nrpaeT BTOPOHBlipHaJIbHblH K03q>q>HI.UieHTB, TaK KaK OH orr-

pe.n;eJIjJ:eT TeMrr H3MeHeHIDI MHorHX TepMo.n;HHaMHqeCKHX

(Tep~ecKHX, KaJIopnqecKHX, aK)'eTHqecKHX) CBOHCTBHa Ha-

qaJIbHOH CTa,IJ;HHrrepexo.n;a OT H,lJ;eaJIbHoro raJa K peaJIbHoMy

rrpH YBeJIHqeHHH rrJIOTHOCTH Bern;eCTBa.

BTOPOH BHPHaJIbHbIH K03q>q>H.QHeHT Haxo.n;HM, rrpo.n;Hq>-

q>epeH.QHpOBaB ypaBHeHIDI (1) H (2):

1 ((j2plB- .
- 2RT (jp2 .1'->0'

B =(dZ)
dP T.P->O·

<I>opMYJIa (4) orrpe.n;eJIjJ:eT BTOPOM BHPHaJIbHbIM K03q>q>H-

.QHeHT KaK TaHreHC cTaPToBOro yrna HaKJIOHa Bbl6paHHoH

H30TepMbI B Koop.n;HHaTax z, p. <I>opMyJIa (3) CM3bIBaeT B C

KPHBH3HOM H30TepMbI B KOOp.n;HHaTax p - p.

TeMrreparypa, rrpH KOTOPOHrrpOH3BO,lJ;HM (dz / dp)T paBHa

HYJIIO rrpH HYJIeBOHIIJIOTHOCTH, a CJIe.n;OBaTeJIbHO,H B = 0, Ha-

3BaHa TeMilepaTYPoH Bo~. OHa rrpHMepHO B,lJ;BOerrpeBbIIIIa-

eT KpHTHqecKyIO TeMrrepaTYPY H 06bJqHO JIe:lKHT BbIllie TeM-

rreparypHoro HHTepBaJIa .QHKJIOBXOJIO,lJ;HJIbHbIXMallIHH H Terr-

JIOBbIXHaCOCOB.TeM He MeHee 31)' TeMileparypy rrOJIe3HO3HaTh

,lJ;JIjJ:rrpaBHJIbHOM 3KCTparrOJIjJ:.QHH3aBHCHMOCTHBToporo BHpH-

aJIbHOro K03Cl>q>HI.UieHTaB o6rraCTb BblCOKHX TeMileparyp.

Ba:lKHOCTh BTOporo BHpHaJIbHOro K03q>q>H.QHeHTa,lJ;JIjJ:Tex-

HHKH YMepeHHoro XOJIo.n;aorrpe.n;eJIjJ:eTcg TeM, qTQ I.UiKJIbI XO-

JIO,lJ;HJIbHbIXMallIHH (KaK, BrrpOqeM, H I.UiKJIbI TellJIOBblX Ha-

COCOB)06bJqHO ocyrn;ecTBJIjJ:IOTCg rrpH YMepeHHbIX, He CJIHIlI-

KOM BbICOKHX .n;aBJIeHIDIX. B 3THX YCJIOBIDIX rrpaBHJIbHOCTb

q>OPMbI TepMO,IJ;JmaMHqeCKOM rrOBepXHOCTH XJIa.n;areHTa Bp,
p, T-KOOP,lJ;HHaTax, a BMeCTe C HeH H TOqHOCTb Ta6JInqHblX

3HaqeHHH Pa3JInqHbIX TepMO,lJ;HHaMHqeCKHX rrapaMeTpOB, He-

06XO,lJ;HMbIX ,WUl pacqeTa I.UiKJIOB, B 3HaqHTeJIbHOM CTerreHH

orrpe.n;eJIjJ:IOTCg TeM, HaCKOJIbKO KoppeKTHO ypaBHeHHe CO-

CTOgHHH BocrrpOH3Bo.n;HT peaJIbHyIO 3aBHCHMOCTb BTOporo

BHpHaJIbHOro K03q>q>H.QHeHTaOT TeMrreparypbI. llCKa:lKeHHe

qHCJIeHHbIX 3HaqeHHH BTOpOro BlipHaJIbHOro K03q>q>H.QHeHTa

llJIOXO KOMrreHcHpyeTCg CTapllIHMH BHPHaJIbHblMH K03q>q>H-

.QHeHTaMH H MO:lKeTrrpHBecrn K .n;eq>opMa.QHHTepMO,lJ;HHaMH-

qeCKOM rrOBepXHOCTH BllJIOTh .n;o 06paJOBaHIDI Ha HeH BOJIH.

KaK OTMeqaJIOCb BbIllIe, q>OpMyJIbI paCqeTa, rro KpaHHeH

Mepe, «MJIa.n;IlIHX» BHpHaJIbHbIX Ko3Cl>q>H.QHeHIOBrro 3aBHCH-

MOCTH rrOTeHI.UiaJIbHOM 3HeprnH B3aHMo.n;eHCTBIDI MOJIeKYJI

OTpaCCTOHHIDI Me)l(,lJ;}'HHMH H3BeCTHbI, O,lJ;HaKOCaMa 3Ta 3aBH-

CHMOCTb B HaCTOgrn;ee BpeMH He MO:lKeT 6blTh paCCqHTaHa

TeOpeTHqeCKH, TeM 60JIee ,lJ;JIjJ:XOJIO,lJ;HJIbHbIXareHTOB, MOJIe-

KYJIbI KOTOPbIX HMeIOT He cq>epnqecKyIO, a CJIO:lKHYIO rrpo-

C1paHCTBeHHYIO C1pyK1)'py. Cepbe3HO OCJIO)I(HJleT paCqeTbI

HaJInqHe ,lJ;HrrOJIbHbIXH KBa.npyrrOJIbHblX B3aHMo.n;eMCTBHH.

Il03TOMY YKaJaHHblM rryTb orrpe.n;eJIeHIDI BToporo BlipH-

aJIbHOro K03q>q>H.QHeHTa He peaJIH3YeTCg Ha rrpaKTHKe, CKO-

pee, Ha060pOT, HHq>opMa.QIDI 0 rrOTeH.QHaJIbHOH 3HeprHH B3a-

HMo.n;eHCTBIDI MOJIeKYJI HaxO,lJ;HTCgrro .n;aHHbIM 0 BTOpOM BH-

PHaJIbHOM K03q>q>H.QHeHTe.

IlpHMeHHTeJIbHO K XJIa.n;areHTaM .n;ocTaTOqHO orpaHHqeH-

HYIO POJIb HrpaIOT H Mo.n;eJIbHbIe rrOTeH.QHaJIbI Me:lKMOJIeKY-

JIjJ:pHOro B3aHMo.n;eMCTBIDI, TaKHe, HarrpHMep, KaK JIeHHap-
.n;a-,[(:lKoHca (12: 6), lllToKMaHepa, cq>epnqeCKOH 060JIOqKH,

KHXapbI H .n;p., .n;JIgKOTOpblX Ta6yJIHpOBaHbI rrpHBe.n;eHHbIe

3HaqeHHH BToporo BHpHaJIbHOro K03q>q>H.QHeHTa[1]. MO:lKHO

HaJBaTb .n;Be rrpHqHHbI TaKoro rrOJIO:lKeHHg. Bo-rrepBbIx, ,lJ;JIjJ:

paCqeTa rrapaMeTpoB rrOTeH.QHaJIa He06xo.n;HMbI OrrbITHbIe

.n;aHHbIe 0 BTOpOM BHpHaJIbHOM K03q>q>H.QHeHTe; BO-BTOPbIX,

paCqeTHaH 3aBHCHMOCTb B Hea.n;eKBaTHO BocrrpoH3Bo.n;HT

peaJIbHyIO 3aKoHoMepHocTb B IlIHpOKOM HHTepBaJIe TeM-

rrepaTYp. Il03TOMy .n;a:lKe y.n;aqHO rro.n;06paHHblH Mo.n;eJIb-

HbIM rrOTeH.QHaJI MO)l(eT 6bITb HCrrOJIb30BaH TOJIbKO,lJ;JIjJ:HH-

TepIIOJIHI.UiH H orpaHHqeHHOM, HO 060cHoBaHHoM 3KC1paIIOJIH-



J..U1HOnbITHbIX ,l.J;aHHbIX0 BTOpOMBHpHClJIbHOMK03<pqJHIIHeH-

Te. I1cnOJIb30BaHHe CJIO)I(HbIXCOCTaBHbIXnOTeHIIHaJIOB BpM

JIH npe,l.J;CTaBIDIeTC~OnpaB,l.J;aHHbIMnpHMeHHTeJIbHO K XJla,l.(-

areHTaM.

TaKHM 06pa30M, HaH60JIee PaIJ,HOHaJIbHbIM cnoc060M no-

rryqeH~ HH<pOpMaIIHH 0 BTOpOM BHpHaJIbHOM K03<P<PHIIH-

eHTe OCTaeTC~ H3BJIeqeHHe ee H3 Pa3JIHqHbIX 3KcnepHMeH-

TaJIbHbIX ,l.J;aHHbIX,HaTIpHMep pe3YJIbTaTOBTepMHqeCKHX, Ka-

JIOp~eCKHX, aKYc~ecKHX, OTIT~eCKHX H ,l.J;PyrHXHCCJIe,l.J;O-

BaHHH. O,l.J;HaHH<popMa~ MO)l(eT CycnexoM ,l.J;onOJIHHThJJ:Py-

ryIO.

,L(mI Bbl,l.(eJIeH~ 3HaqeHHH BTOpOro BHpHaJIbHOro K03<P<PH-

J..U1eHTaH3 TepMHqeCKHX p, p, T -,l.J;aHHbIX,l.J;OHe,l.J;aBHerOBpe-

MeHH CTpOHJIH KpynHoMaCIIITa6HbIe rpa<pHKH B KoopMHa-

Tax (z -1)v - P HJIH v/nz - p. BTOPOH BHPHaJIbHbIH K03<P<PH-

J..U1eHTHaxO,l.(HJIC~3KCTpaTIOIDIIIHeH JIHHHH, OCpe,l.J;IDIIOIIIeH

OnbITHbIe TOqm ,l.(IDIKIDK,D;OHH30TepMbI npH HH3KHX H YMe-

peHHbIX ,l.J;aBJIeH~, K H)'JIeBOH nJIOfHOCTH B COOTBeTCTBHHC

<pOPM}'JIaMH:

B=lim(z-l)v H B=lim(vlnz). (5)
p-->O p-->O

B HaCTO~ee Bpe~ rpa<p~ecKHe nOCTpoeH~ MOryr 6bITb

3aMeHeHbI aHaJIHTHqeCKOH 06pa60TKoH p, p-,l.J;aHHbIX Ha

BbI6paHHb!X H30TepMax C nOMOIIIbIO 3BM. IIpH 3TOM 6ec-

KOHe~bIe p~ (1) H (2), eCTeCTBeHHO,3aMeIDIIOT KOHeqHbI-

MH. O,l.J;HaKOHe CJIe,[(yeT qpe3MepHO COKpaIIIaTh qHCJIO lJJle-

HOBpMa, Tal< KaK no MO)l(eT npHBeCTH K HCKa)l(eHHIO 3Ha-

qeHHH B, oc06eHHO npH HCnOJIb30BaHHH OnbITHbIX ,l.J;aHHbIX

npH nOBbIlIIeHHbIX ,l.J;aBJIe~. PacqeT 06bNHO Be.nyr MeTO-

,l.J;OMHaHMeHbIllHX KBa,l.J;paTOB.

,L(mI norryqeH~ HH<pOPMaIJ,HH0 BTOpOM BHpHaJIbHOM KO-

3<p<pHIIHeHTe MO)I(HO HCnOJlb30BaTh pe3YJIbTaTbI H3MepeH~

H30XOpHOH TeTIJIOeMKOCTHpa60qero BeIIIeCTBa npH HH3KHX
H YMepeHHbIX ,l.J;aBJIeH~. ):(Ba)I(,l.(bI npO,l.J;H<p<pepeHIIHpOBaB

ypaBHeHHe (1) no TeMTIepaType npH nOCTO~HHOH TIJIOTHOC-

TH, nO,l.J;CTaBHMnonyqeHHbIH pe3YJIbTaT B H3BeCTHoe TepMO-

j.(HHaMHqeCKOe COOTHOlIIeHHe

(~1=T(~;1-
IlocJIe npe06pa30BaHHH nonyqHM BbIpa)l(eHHe

(ac, 1 = -2RT dB -RT2 d
2

B
ap ,p-->O dT dT2 '

<pHKcHpyIOIIIee B3aHMOCB~3b Me)l(,l.(y BTOPbIM BHpHanbHbIM

K03<P<PHIIHeHTOMH H30XOpHOH TeTIJIOeMKOCThIOBeIIIecTBa.
OTMeTHM, qTO ,l.J;IDIp~,l.J;aXOJIO,l.J;HJIbHbIXareHTOB npoBe-

,l.J;eHbIH3MepeHH~ H30XOpHOH TenJIOeMKOCTH, 06pa60TaB

pe3YJIbTaTbI KOTOpbIX, MO)l(HO yCTaHoBHTb CTaprOBbIH HJIH

HaqaJIbHbIH YKJIOH H30TepM B KoopMHaTax Cv - p.

113,l.J;H<p<pepeHIIHaJIbHbIXypaBHeHHH TepMO,l.J;HHaMHKHCJIe-

,[(yeT CJIeJJ:YIOIII~ B3aHMOCB~3bMe)I(JJ:YBTOPbIM BHPHaJIbHbIM

K03<P<PHIIHeHTOMH H306apHOH TeTIJIOeMKOCTbIOpeaJIbHoro

ra3a:

(acp) _T(d2B)
ap T,p-->O - dT2

'

,L(mI MHOfHX XOJIOMJIbHbIX areHTOB H306apH~ TeTIJIOeM-

KOCTbnpH HH3KHX ,l.J;aBJIeH~X 6bIJIa H3MepeHa MeTO,l.J;OMnpo-

TOKa, n03BO~IIIHM nonyqaTh npeIIH3HOHHbIe 3KcnepHMeH-

TaJIbHbIe ,l.J;aHHbIe.CJIe,l.J;OBaTeJIbHO,HMeeTC~ B03MO)l(HOCTh

,l.J;OCTaTOqHOKOppeKTHO onpe,l.J;eJIHTbCTaprOBbIH YKJIOH H30-

TepM H306apHOH TeTIJIOeMKOCTH B KOOp,l.J;HHaTaXcp - p H

npOH3BO,l.J;HyIO d 2B / dT 2.

COBpeMeHH~ 3KCnepHMeHTaJlbH~ TeXHHKa n03BOIDIeT C

BeCbMa MaJIOR norpelIIHOCThIO H3MepSITb CKOPOCThpacnpoc-

TpaHe~ 3B)'IGl B HCCJIe,[(yeMOM BeIIIeCTBe. Pe3YJThTarbI aKY-

~ecKHX HCCJIe,l.J;OBaHHii:CB~3aHbI COBTOpbIM BHpHaJIbHbIM

Ko3<M>HIIHeHTOM CJIeJJ:YIOIIIeH<PoPMYJIOH:

[a~l~ = B + RT dB + R2T2 d2 B
ap c~ dT 2c~c~ dT2

'

,p-->O

r,l.J;ew/wo - OTHOlIIeHHe CKOpoCTH 3BYKa npH ,l.J;aHHOHTIJIOT-

HOCTH K CKOpoCTH 3BYKa B H)l;eaJIbHOM nne;

c~ H c~- COOTBeTCTBeHHOH30XOpHM H H306apHM Ten-

JIOeMKOCTHpa6oqero BeIIIeCTBa B COCTOmrnH H)l;eaJIbHO-

ro raJa, KOTOpbIe MOryr 6bITb onpe,l.J;eJIeHbIno pe3YJThTa-

TaM KaJIOp~eCKHX HJIH cneKrpOMeTp~ecKHX HCCJIe,l.J;O-
BaHHii:;

R - ~eJIbH~ ra30BM nOCTO~HHM.

I1H<popMaIIHIO 0 BTOpOM BHpHaJIbHOM K03<P<PHIIHeHTe

MO)l(HO nonyqHTb 06pa6OTKOH H ,l.J;pyrHx 3KcnepHMeHTaJIb-

HbIX ,l.J;aHHbIx, HanpHMep pe3YJIbTaTOB OnTHqeCKHX HCCJIe-

,l.J;OBaHHH.TaK, K03<P<PHIIHeHT npeJIOMJIeH~ CBeTa, onpe,l.J;e-

JI~eMbIH B XO,l.J;epe<ppaKTOMeTpHqeCKHX onbITOB, CB~3aH C

nJIOTHOCTbIO H BTOpbIM BHpHanbHbIM K03<p<pHIIHeHTOM pa-

60qero BeIIIeCTBa.

OrMeTHM, qrO O,l.(HH3KcnepHMeHTaJIbHbIe HCCJIe,l.J;OB~

MOryr cYIIIeCTBeHHo ,l.J;OnOJIHHTbJJ:PyrHe, oc06eHHo eCJIHOHH

npOBe,l.J;eHbIB pa3HbIX TeMTIepaTypHbIx HHTepBaJIax. Onpe-

,l.J;eJIeHHbIenp06JIeMbI cYIIIecTByIOT B yCTaHOBJIeHHH 3Ha-

qeHHH BTOporo BHpHaJIbHOro K03<P<PHIIHeHTa npH HH3KHX

TeMTIepaTypax. OHH B03HHKaIOT no o61,eKTHBHOH np~HHe -

H3-3a cOKpaIIIeH~ HCCJIe,l.J;OBaHHHB pe3YJIbTaTe YMeHbllIe-

HIDI TIJIOTHOCTHH ,l.J;aBJIeHIDIcyxoro HacbIIIIeHH;oro napa npH

nOHH)I(eHHHTeMTIepaTypbI.

B CB~3H C H3JIO)l(eHHbIM HanpallIHBaeTc~ BbIBO,l.J;0 IIe-

JIeC006pa3HOcm COBMeCTHOH06pa6OTKH Ha 3BM pa3HOpO,l.J;-

HbIX OnbITHbIX ,l.J;aHHbIX,HecYIIIHx HH<popMaIIHIQ 0 BTOpOM

BHpHaJIbHOM K03<p<pHIIHeHTe.PaCCMOTpHM HeKOTOpbIe acneK-

TbI TaKoH 06pa6OTKH.

06bIqHO TeMTIepaTypHYIO 3aBHCHMOCTh BToporo BHpHaJIb-

HOro K03<P<PHIIHeHTaOnHCbIBaIOT CJIeJJ:YIOIIIeH<pyHKIIHeH:

B=iX
;;.

;=0 T
Tor,l.J;aH3 ypaBHeH~ (7) CJIe,l.J;yeT,qTO

1 (ac,) _ ~ .(. l)x;-- - - £.Jll- --:-.
R ap T,p-..O ;-2 T'

YMHO)l(M ypaBHeHHe (8) Ha -T, norryqHM



iac } n X.
- -p = Li(i+I)T'i'

ap T,p->O i-I

HaKOHeQ,H3ypaBHeHHR(9)HMeeM

[a~l~ = t[l- i~ + i(i-~)~2] X~.ap i=O C, 2c,cp T

,p-+O

YpaBHeHHR (10) - (13) mrneHm,I OTIIOCHTeJThHOK03<P<PHQH-

eHTOBXi' 1I03TOMY 1I0HCK 1I0CJIe.wmx 110IH~TbIpeM rpyunaM

paJHOpO,WIhIX ~aHHbIX He BbI3bIBaeT 3aTpy~eHHM. IloJIyqa-

eMCUIB HTOre 3aBHCHMOCTbBTOporo BHpHaJIbHOro K03<P<PH-

QHea-ra OT TeMllepaTypbI, eCTeCTBeHHO,HBJUleTCH3KCllepH-

MeHTaJThHO60JIee 060CHOBaHHOM, tIeM IIpH 06pa6OTKe Ok
HOMrpYIIIIbI ~aHHbIX.

PaCCMOTpHMTellepb BOllpOC 0 clloc06ax BBe~eHHR HH<pOP-

MaQHH0 BTOpoM BHpHaJThHOMK03<P<pHQHemeB aJIropHTM 110-

HCKaK03<p<PHQHeHTOBTepMHtIeCKoro ypaBHeHHR COCTOHHHH

peaJThHoro raJa. IlpaKTHKa 1I0KaJbIBaeT, '!TO BKJIlOtIeHHe Mac-

CHBOBPa3JIH'lHbIX 3KcllepHMeHTaJThHbIXTepMo.wrnaMHtIeCKHX

~llHHbIX IIpH HH3KHXIIJIOTHOCTHXB 1Ip0Qe~y 1I0HCKaK03<p-

<pHQHeHTOBypaBHeHHR COCTOHHHHHe rapaHTHpyeT IIpaBHJIb-

Hoem 3HatIeHHH BTOpOro BHpHaJThHOroK03<P<PHQHema.

BBe~eHHe B COCTaBHOMMHHHMH3HpyeMbIM <PYHKQHOHaJI

OT~eJThHOrOCJIaraeMOro, OTBeTCTBeHHOrO3a BTOPOMBHpH-

aJThHbrnK03<P<PHQHeHT,eCTeCTBeHHO,pellIaeT 1Ip06JIeMY, o~-

HaKOYCJIO)f(IDIeTH 6e3 TOro Hellpocl)'lO llporpaMMY paCtIeTa

K03<P<PHQHeHTOBypaBHeHHR COCTOHHHRpeaJThHoro raJa.

HH)I(e lIpeMaraeTCH OPHrnHaJThHbIM clloc06 BKJIlOtIeHHH

~amn.IX 0 BTOpOM BHpHaJIbHOM K03<P<pHQHeme, He CBH3aH-

Hblli CKaKHM-JIH60 YCJIO)I(HeHHeMYKa3aHHOMBbIllIe IIpOrpaM-

MbI. 3ToT CIIoc06 3aKJIIO<IaeTCHB CJI~IQeM. BbI6HpaeTCH

CTOJThHM3KHHypoBeHb IIJIOTIIOCTHra3a (lIoPAAKa 0,001 Kr/M3),

IIpH KUI'OpoM BlIIDIHHe TpeThHX H «CTaPllIHX» BHpHaJThHbIXKO-

3<P<PHQHeHTOBOKa3bffiaeTCHTaKHMMaJIbIM, '!TO HM MO)I(HOIIpe-

He6peon.. ,Z:Vrn IIpHIDl'IOro 3HatIeHHRIIJIOTIIOem H 10- 15 3HatIe-

HHH TeMIIepaIYPbI ~aBJIeHHepaCC'lHThIBaI<JI'110<PoPM)'JIe

p = pRT + Bp2RT.
TaKHM 06paJOM, 1I0JIytIalOT ~OIlOJIHHTeJIbHbIM paCtIeT-

HbIM MaCCHBp, p, T-~aHHblx, 1I0JIHOCTblOcOBII~aIOIQHM 110

cTpYKType C pe3YJIbTaTaMH 3KcllepHMeHTaJIbHbIX HCCJIe-

~oBaHHM TepMo~HHaMHtIeCKOM 1I0BepXHOCTH pa60tIero Be-

IQeCTBa. CTaTHtIeCKHe Beca TOtIeK ~OIlOJIHHTeJIbHOrO Mac-

CHBa Ollpe~eJIHIOT ~OCTaTOtIHO 60JIbllIHMH, tIT06bI, allll-

pOKCHMHpyH 06a MaCCHBa KaK e~HHoe QeJIoe, 06eClletIHTb

IIpaBHJIbHOe BOCllpOH3Be~eHHe 3HatIeHHM BTOporo BHpHaJIb-

HOro K03<p<pHQHeHTaypaBHeHHH COCTOHHHRpeaJIbHOrO raJa.

PaCCMOTpHM TaK)I(e Clloc06bI Ollpe~eJIeHHH TeMllepa-

TypHOM 3aBHCHMOCTHBTOporo BHpHaJIbHOrO K03<P<PHQHeH-

Ta MeTO~OM TepMO~HHaMHtIeCKOrO 1I0~06HH. 06bItIHO

3TOT MeTO~ HCIIOJIb3YlOT IIpH OTCyTCTBHH HJIH BeCbMa or-

paHHtIeHHOM 3KCllepHMeHTaJIbHOM HH<popMaQHH 110HOBOMY

pa60tIeMy BeIQeCTBy. Ero CBOMCTBaIIbITalOTCH paCCtIHTaTb

110XOpOllIO H3ytIeHHoMy pa60tIeMy TeJIy - 6a30BoMy HJIH

3TaJIOHHoMy BeIQeCTBY,110B03MO)l(HOCTH6JIH3KOMHJIH aHa-

JIOrHtIHOM MOJIeKyJIHpHOMCTpYKTYpbI. OTMeTHM, qTO CTpO-

roro TepMO~HHaMHtIeCKoro 1I0~06HR He cyIQeCTByeT. B IIpH-

po~e HeT ~yx PaJHbIX BeIQeCTB C IIPOIIOPQHOHaJThHOH3Me-

HHIOIQHMHCH CBoMCTBaMH. TaKHM 06pa30M, MeTO~ TepMo-

~HHaMHtIeCKoro 1I0~06HR, Ha HallI B3fJUU(, HBJUleTCHcyry60

IIpH6JIH)I(eHHbIM H MO)l(eT OKaJaTbCH 1I0JIe3HbIM TOJIbKOHa

HatIaJIbHOM ~HH H3Y'leHHR CBOMCTBpa60qero BeIQeCTBa.

,[(mI TOro tIT06bI BTOPOMBHPHaJIbHbIM K03<P<PHQHeHT6bm

6e3paJMepHbIM, ero ~HO p~eJIHTb Ha KOHcTaHTY C TOM

)l(e paJMepHoCTblO, HaIIpHMep Ha y.n;eJIbHbIMo6beM pa60tIe-

ro TeJIa B KpHTH'leCKOM COCTOHHHH.O~aKo KOppeKTHOe 011-

pe~eJIeHHe 3TOMBeJIHtIHHbI CBH3aHOco 3HatIHTeJIbHbIMH 3KC-

lIepHMeHTIlJlbHbIMH Tpy~OCTIlMH. 3HatIHTeJIbHO TOtIHee y.n;a-

eTCHH3MepHTb KpHTH'leCKHe TeMIIepaTypy H ~aBJIeHHe, 110-

3TOMY B KatIeCTBe BeJIHtIHHbI IIpHBe~eHHH 06bItIHO HCIIOJIb-

3YI<JI'y.n;eJIbHbrno6beM ~eaJThHOrO raJa

vKp.HJJ. = RT Kplp Kp' (14)
~ opHeHTHpoBOtIHoro pactIeTa BToporo BHpHaJThHOro

K03<P<PHIUielITapeKoMe~eTCH <PoPM)'JIa[2]

BlvKp.HJJ. = 0,335 [exp(-{)](~ - 1) (1 + 0,088~ + 0,44~2),(15)

me ~ =8('r) I 8('tIJ, T.e. IIpe~CTaBIDleT co6oM <PYHKQHIO3~aH-

HOMTeMIIepaTypbI H TeMIIepaTypbI DoiiJIH, 't = TITKp'

8('t) = 1m + 0,5[('t -1)1 't]2[('t - 1)1 't - 1m] x

x [1 - 0,1 ('t - 1)4-r4]. (16)

TeMIIepaTYPY DoiiJIH IIpe,WIaraeTCH oIIpe~eJIHTb IIpH6JIH-

)l(eHHbIMH Mero~aMH, HaIIpHMep HCIIOJIb3yH 3MIIHpHtIeCKOe

COOTIlOllIeHHe:

('tli-l)(Ri-l)=8,1±0,3, (17)

me Ri - KpHTepHii ~eAA.

IlorpellIHoCTb paC'leTa 3HatIeHHH BTOporo BHpHaJThHOroKo-

:$l>HQHeHTa 110<poPMYJIaM (15) - (16) COCTaBJUIeT2 - 3 %
[2]. TaKaH OQeHKa IIpe~CTaBJUIeTCH CJIHllIKOM OIITHMHCTH'l-

HOM, 1I0-BH,llHMOMY, 1I0rpellIHOCTb pactIeTa MO)l(eT 6bITb B

HeCKOJThKOpaJ 6oJThllIe.

Pacc'lHTaTb 3HatIeHHH BTOporo BHpHaJIbHOro K03<M>HIUi-

eHTa MO)I(HOH 110<popM)'JIe 3~CTepa [3]:

BI v = (0,1445 + 0,073(0) - (0,330 - 0,46 (0) 8-

- (01385 + 0,5 (0) 82 - (0,0121 + 0,097(0) 83_

- 0,0073 00 8 8, (18)

r~e 00- <paKTOPaQeHTpHtIHOCTH;

8= TKpIT.
Ilo~06HbIM MeTO~ pacqeTa TeMIIepaTypHoM 3aBHCHMOC-

TH BTOporo BHpHaJIbHOro K03<P<PHQHeHTaIIpeMaraeTCH B [4].

O~aKo ,WIHTOtIHOro Ollpe~eJIeHHH 3TOM3aBHCHMOCTHHe06-

XO~MbI, KaK OTMetIaJIOCbBbIllIe, 3KCllepHMeHTaJIbHbIe HCCJIe-

~OBaHHH.
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