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The equation for second virial coefficient of methane is presented as function of temperatures. The deviations
between the values of second virial coefficient derived from choosed experimental data and calculated using this
equation from 160K to 623 K are as rule less than 0,01 cm3/g.
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MeTaH 5lBJUleTC5I TeXHHt-leCKM Ba)I(HbIM BeIlJ,eC-

TBOM, 3TO OCHOBHOH KOMrrOHeHT npl1pO,LJ,HOrOra3a.

3HaHI1e TenJl0cPI1311y:eCKl1XCBOHCTB MeTaHa He06xo-
,LJ,I1MO,LJ,Jl51pa3pa60TKM pa3JlHY:HbIX BH,LJ,OBXHMH'-IeCKO-

ro 060py,LJ,OBaHI151,I1CrrOJlb3YlOll.I,erOMeTaH B Kay:eCTBe
Cblpb51,LJ,Jl51np0I13BO,LJ,CTBaBO,LJ,OpO,LJ,a,Cnl1pTOB 11MHO-

rl1x ,LJ,pyrl1xBeIlJ,eCTB,a TalOKe,LJ,Jl51pacy:eTOB rrpOlJ,eCCOB

O)l(Jil)l(eHI151,xpaHeHH51, TpaHCrrOpTl1pOBKl1 rrpHpO,LJ,HO-
ro ra3a 11T.,LJ,.

MeTaH - 113BeCTHblHrrpe,LJ,CTaBI1TeJlbOpraHH'-IeC-

KOH XHMI1I1, nepBbIH B p5I,LJ,Yrrpe,LJ,eJlhHblXYTJleBO,LJ,OpO-
,LJ,OB.no OTHoweHHlO K ,LJ,110KCH,LJ,yYTJlepO,LJ,arrOTeHlJ,l1aJT

rJl06aJTbHOrO nOTerrJleHl15IMeTaHa Bblwe B28 pa3, O,LJ,Ha-

KOOH B,LJ,eC5lTKH11COTHHpa3 MeHhwe, y:eM y 60JlbWHHC-

TBa XOJlO,LJ,HJlbHblXareHTOB. IlOTeHlJ,l1aJT pa3pyweHl15I

. 030HOBOro CJl051MeTaHa paBeH HyJllO. Lij)yrHe B3)l(Hble
xapaKTepl1CTI1KH MeTaHa rrpHBe,LJ,eHhIBTa6Jl. 1.

Ta6JlI1lJ,bI TepMO,LJ,l1HaMl1'-1eCKMXCBOHCTB Tex-

HI1y:eCKI1 Ba)l(HbIX ra30B H )I(JiI,LJ,KOCTeH,K KOTOpbIM

OTHOCI1TC5I MeTaH, paCCY:l1TblBaIOTC51 no CJlO)l(HbIM
ypaBHeHI151M COCT05lHH5I. B HaCT05lll.I,eH CTaTbe oc-

HOBHoe BHI1MaHl1e y,LJ,eJUleTC5IBTOpOMy BI1PHaJTbHO-

My K03cPcPI1Ul1eHTY, KOTOpbIH BXO,LJ,HTB COCTaBypaB-

HeHH51 COCT05lHI15111 orrpe,LJ,eJl5leTTeMrr 113MeHeHH5I

MHOrHX TepMO,LJ,HHaMHy:eCKl1X CBOHCTB pa60y:ero
BeIlJ,eCTBa Ha HaY:aJTbHOH CTa,LJ,l1l1rrepexo,LJ,a OT H,LJ,e-

aJlbHOrO ra3a K peaJTbHoMy. Ba)I(HOCTb KoppeKTHoro
BOCnp0I13Be,LJ,eHH5I3aBHCI1MOCTH BToporo Bl1pHaJTb-

Horo K03cPcPl1lJ,l1eHTa OT TeMrrepaTypbI nO,LJ,y:epKHyTa

B pa60Te [1].

I1apaMeTPbI 3Ha'1eHH}l

HopManbHa}l TeMneparypa KHneHHlI, K 111,668

TeMneparypa 3aMep3aHH}l,K 90,69

MoneKynllpHa}l Macca, Kr/KMonh 16,0428

Y,ll,enbHa}lfaJOBall nOCTO}lHHa}l,)J,)j(/(Kr . K) 518,268

)J,HnonbHhlH MOMeHT,Kn . M 0

KpHTH4ecKall TeMneparypa, K 190,564

KpHTH4ecKoe ,ll,aBneHHe,Mila 4,5922

KpHTH4ecKHH Y,ll,enbHbIHo6beM, M3/Kf 6,1478 . 10-3

I1ccJle,LJ,oBaHH5I TepMO,LJ,l1HaMl1y:ecKHx CBOHCTB

MeTaHa CTapTOBaJTHB HaY:aJTerrpowJloro BeKa. K Ha-
CT05lll.I,eMYBpeMeHI1 06IlJ,ee KOJlWJeCTBOny6JlI1KaUI1H,

B KOTOpbIX npHBO,LJ,5ITC5I3KCnepl1MeHTaJTbHO 060c-

HOBaHHhle 3Hay:eHI151 BToporo Bl1pl1aJTbHOrO K03cP-
cPHlJ,l1eHTa MeTaHa, T. e. 3Hay:eHI151, nOJlYlJeHHble 06-
pa60TKoH orrblTHbIX ,LJ,aHHbIX,rrpeBbIWaJTO ,LJ,Ba,LJ,lJ,aTb.

Il03TOMy OCTaHOBHMC51Ha HaH60Jlee TOlJHbIX, Ha Haw

B3rJl5I,LJ"pa60Tax.
B pa60Te [2] ,1],. ,1],OyCJlI1HC coaBTOpaMI1 06pa-

60TKOH c06cTBeHHblx p-v- T -113MepeHI1H BbI,LJ,eJlI1Jl16

3Hay:eHI1H BToporo BHpl1aJTbHOrO K03cP<PI1Ul1eHTaMe-

TaHa, KOTopble paBHOMepHO rrepeKpblBaIOT ,LJ,Harra30H
TeMrrepaTyp OT 0 ,LJ,O350°C. BHYTPI1 3Toro ,LJ,l1arra30Ha

HaXO,LJ,l1TC51TeMnepaTypa EOHJl5I, npl1 KOTOpOH BTOpOH

BHPHaJTbHbIH K03cPcPHlJ,l1eHTMeH5IeT 3HaK.
TalOKe rrpH rrOJlO)l(l1TeJlhHhlX TeMrrepaTypax

(HO B Y3KOM I1HTepBaJTe TeMnepaTyp OT 0 ,LJ,O50°C)

6 3Hay:eHHH BToporo BHpHaJTbHOrO K03cPcPI1UI1eHTaMe-

TaHa Orry6Jll1KOBaJTHP. KneHHpaM C coaBTopaMH [3].
B 1992 ro,LJ,yr. XeH,LJ,eJlbC coaBTOpaMI1 [4] orry6-

Jll1KOBaJTH 12 3Hay:eHHH BToporo Bl1pl1aJTbHOrO K03cP-
cPHlJ,l1eHTa MeTaHa. 3TH ,LJ,aHHble nepeKpbIBaIOT 06-

JlaCTb HH3KHX TeMnepaTYP OT 160,LJ,0273 K.

HeCMOTp51 Ha TO, lJTO TepMO,LJ,I1HaMl1lJeCKHe

CBOHCTBa MeTaHa 3KcnepHMeHTaJTbHO H3YlJeHbI BeCb-
Ma rrO,LJ,p06HO, I1CCJle,LJ,OBaHH5ICBOHCTB'3Toro TeXHH-

y:eCKM B3)l(H0rO BeIlJ,eCTBa rrpO,LJ,OJl)l(aIOTC51.B 2010 r.

,1],. KpHcTaHxo C coaBTopaMH rrpe,LJ,CTaBI1JlI1pe3yJlb-

TaTbI rrpeUH3110HHbIX 113MepeHI1H nJlOTHOCTH Me-

TaHa rrpH TeMrrepaTypax 300-450 K H ,LJ,aBJleHl15IX

,LJ,O180 MIla [5]. 113 rronyqeHHblx orrbITHbIX ,LJ,aHHbIX

aBTopbI BbI,LJ,eJlHJll1rr5ITb 3HalJeHHH BToporo Bl1pl1-

aJTbHOrO K03cPcPHlJ,HeHTa rrpH TeMnepaTypax OT 298
,LJ,O450 K. ,1],Jl5I orrpe,LJ,eJleHl15IK03cPcPHUHeHTa HM rrpH-

llJJlOCb 3KCTparrOJll1pOBaTb rronyqeHHYIO HHcPopMa-
lJ,HIO Ha y:eTblpeX H30TepMax ,LJ,OHyJleBoro ,LJ,aBJleHl15I

OT 5-7 MIla, Y:TOB03MO)I(H0 rrpHBeJlO K HeKoTopoMy

pOCTy nOrpellJHOCTH B orrpe,LJ,eJleHHH BToporo BHpH-
aJTbHOrO K03cPcPHlJ,HeHTa. PaCXO)l(,Ll,eHI151Me)l(,Ll,y ne-

peY:HCJleHHbIMH 3KcrrepHMeHTaJTbHbIMH ,LJ,aHHbJMH

H aHaJTHTI1y:eCKHMH ypaBHeHH5IMH, OnI1CbIBaIOIlJ,I1MH

3aBHCHMOCTb BToporo Bl1pHaJTbHOrO K03cP<PI1UHeHTa
OTTeMrrepaTypbI, rrpHBe,LJ,eHbIHa pl1cyHKe.
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. MemaHa no llumepamypHblM aaHHblM om 6bllfUCIleHHbiX

no ypa6fleltUIO (4) !'!.B = B'lUm - B6~':
-- - ypa6HeHueltue (1); - - - ypa6HeHue (2); - . - - ypa6-

HeHue (3); 0 - [2}; 0 - [3}; 0 - [4};!'!. - [5}

TaKHM 06pa30M, BTOpOH BI1Pl1aJIbHbIH K03cPcPl1-

IJ,l1eHT 6bIJI onpe,LI,eJIeH B BeCbMa Wl1pOKOM ,LI,l1ana30He

TeMnepaTyp OT 160 ,LI,O623 K, lJTO COOTBeTcTByeT I1H-

TepBaJIy npl1Be,LI,eHHblX TeMnepaTyp T = TITKP OT 0,84

,LI,O3,27. 3aMeTI1M, lJTO,ll)l5I 60JIbWI1HCTBa XOJIO,LI,I1JIb-

HblX areHTOB 3KCIlepl1MeHTaJIbHO 113yYeH 60JIee Y3KHM

TeMllepaTypHbIH ,LI,l1ana30H (T = 0,5971,15) 11 OTCYTC-

TBylOT H3MepeHI151 B6Jll1311 TeMnepaTypbI EOHmI.

B CB5I311 co 3HalJI1TeJlbHOH npOTIDKeHHOCTblO

TeMnepaTypHoH 3aBI1CI1MOCTI1 BToporo Bl1pl1aJIbHOrO

K03cPcPI1Ul1eHTa MeTaHa He06xo,LI,I1MO OTMeTI1Tb CJle-

,LI,YIOl..Uee.

OueHI1BaTb norpeWHOCTb annpOKCI1MaUl111

B BI1,LI,e OTHOCI1TeJlbHOH BeJll1lJl1Hbl npl1 TeMnepary-

pax, 6Jll13KI1X K TeMneparype EOHJUI, KOr,LI,a BTOPOH

Bl1pl1anbHbIH K03cPcPI1Ul1eHT Man, npe,LI,CTaBJI5IeTC51

HeI1HcPopMaTI1BHbIM. OTHOCI1TeJlbHa51 norpeWHOCTb

MO.>KeT ,LI,OCTl1raTb 60JlbWI1X 3HalJeHI1H. Hanpl1Mep,

oWH6Ka B 3HalleHI111 BToporo Bl1pl1aJIbHOrO K03cP-

cPl1Ul1eHTa MeTaHa B 0,01 CM3 jr COOTBeTcTByeT OTHO-

CI1TeJlbHOH norpeWHOCTI1 0,1% npl1 160 K; 0,15%

npl1 200 K; 0,38% Ilpl1 300 K; 1,0% npl1 400 K; 17%

Ilpl1 500 K 112 % Ilpl1 600 K. fIpl1 TeMneparypax, 6JI113-

KI1X K TeMllepaType EOHJUI, norpeWHOCTb annpOKCI1-

MaUl111 JlyYwe YKa3bIBaTb B a6COJlJOTHbIX BeJl WII1 Hax.

fIpl1 1l0HJ1)KeHI1I1 TeMnepaTypbI BTOpOM Bl1pl1anbHblM

K03cPcPI1UI1eHT CTaHOBI1TC5I OTpl1uaTeJIbHblM 11 pe3KO

YBeJll1lJI1BaeTC5I no MO,LI,yJlJO. Tenepb OTHOCI1TeJIbHa51

norpeWHOCTb 06beKTI1BHO xapaKTepl13yeT KalJeCTBO

an npOKCI1MaIJ,11 11. OTMeTI1M TaK.>Ke, lJTO npl1 nOHJ1)Ke-

HI1I1 TeMnepaTypbl peaJIbHbIM ra3 Bce 60JlbWe npl16JlI1-

.>KaeTC5I K l1,LI,eaJIbHoMy ra3Y 11 norpewHocTb annpoK-

CI1MaUl111 BToporo Bl1pl1aJIbHOrO K03cPcPI1UI1eHTa Bce

MeHbwe CKa3blBaeTC5I Ha TOlJHOCTI1 paClJeTa TepMO,LI,I1-

HaMl1lJeCKHX CBOHCTB.

Ta6Jll1UbI B Wl1pOKOM ,LI,l1ana30He TepMO,LI,I1HaMI1-

lJeCKHX CBOHCTB MeTaHa 6bIJll1 ony6Jll1KOBaHbl Me.>K.LI,y-

HapO,LI,HbIM COlO30M no lJl1CTOM 11 npI1KJla,LI,HOH XI1MI1I1

(IUPAC) B 1978 r. [6]. fIpaKTwlecKH O,LI,HOBpeMeHHO

[ocy,LI,apCTBeHHoH CJly.>K60M CTaH,LI,apTHbIX CnpaBOlJ-

HbIX ,LI,aHHbIX CCCP 6blJII1 pa3pa60TaHbI 11 ony6JlI1-

KOBaHbI Ta6JlI1IJ,bI TepMO,LI,I1HaMWleCKI1X CBOHCTB Me-

TaHa, OXBaTbIBalOl..Ul1e eIl..(e 60JIee WI1POKl1M nepeLJeHb

CBOHCTB 11TeMnepaTypHbIM ,LI,l1ana30H [7]. 3TI1 Ta6JlI1-

IJ,bl B COKpaIl..(eHHOM 11nepepa60TaHHoM BI1,LI,enpl1BO-

,LI,51TC5IB He,LI,aBHO ony6Jll1KOBaHHoM CnpaBOlJHI1Ke [8].

TeMnepaTYPHa5I 3aBI1CI1MOCTb BToporo BI1Pl1aJIb-

Horo K03cPcPl1IJ,l1eHTa MeTaHa B pa60Te [7] Olll1CaHa

1l0Jll1HOMOM Ce,LI,bMOH CTeneHI1

r,LI,e v = 6,1 162cM3jr; T = TIT; T = 190,77 K;
Kp Kp Kp

bo = 0,536567; bl = -1,671289; b2 = 1,704335;

b3 = -4,003982; b4 = 3,491415; bs = -1,332024;

b6 = 0,05440249; b7 = 0,05211075 .

3HalJeHI151 BToporo Bl1pl1aJIbHOrO K03cPcP11UI1-

eHTa, paCClJl1TaHHble no 3TOM cP0pMYJle, npI1BO,LI,5ITC5I

B Ta6Jl. 2, conOCTaBJleHl1e C ,LI,pyrl1MI1 ,LI,aHHbIMI1 1l0Ka-

3aHO Ha pI1CYHKe.

B 1987 r. B pa60Te [9] 6blJll1 ony6Jll1KOBaHbi 1l0,LI,-

p06Hble Ta6JlI1IJ,bl TepMO,LI,I1HaMl1lJeCKI1X CBOHCTB MeTa-

Ha 11ypaBHeHl1e COCT051HIDI, no KOTOpOMY OH!1 paCCll!1-

Ta6Jluu,a 2

BTOpOH BHPHaJIbHbIH K03!IJ!lJHIUteHT MeTaHa

B, cM3/r

T,K ITO ¢oPMYJIe ITO ¢oPMYJIe ITO ¢oPMYJIe ITO ¢oPMYJIe
(1) (2) (3) (4)

100 -25,98 -24,94 -24,46 -24,51
120 ~17,80 -17,30 -17,08 -17,21
140 -12,99 -12,86 -12,78 -12,86
160 -10,02 -9,999 -9,973 -10,007
180 -7,998 -7,998 -7,991 -8,002
200 -6,513 -6,523 -6,517 -6,519
220 -5,373 -5,388 -5,381 -5,380
240 --4,469 --4,489 --4,478 --4,477

260 -3,735 -3,758 -3,746 -3,745
280 -3,129 -3,152 -3,140 -3,140
300 -2,620 -2,643 -2,631 -2,632
320 -2,189 -2,209 -2,198 -2,199
340 -1,819 -1,834 -1,826 -1,826
360 -1,498 -1,509 -1,502 -1,502
380 -1,217 -1,223 -1,219 -1,218
400 -0,9695 -0,971 -0,9684 -0,9674
420 -0,7499 -0,747 -0,7460 -0,7446
440 -0,5537 -0,547 -0,5471 -0,5454
460 -0,3773 -0,368 -0,3682 -0,3666
480 -0,2179 -0,206 -0,2066 -0,2052
500 -0,0730 -0,060 -0,0599 -0,0591
520 0,0592 0,073 0,0738 0,0738
540 0,1804 0,194 0,1961 0,1949
560 0,2919 0,305 0,3085 0,3057
580 0,3950 0,406 0,4121 0,4074
600 0,4905 0,499 0,5078 0,5008
620 0,5793 0,585 0,5965 0,5869
640 0,6621 0,664 0,6789 0,6665



TaHbI. vb 3Toro ypaBHeHIDI COCT051HI15Icne,nyeT <poPMY-
na)J)I51 paC'-IeTa BToporo BHpHaJIbHOrO K03<p<pHI..I,HeHTa

C2 C3 C4 CsB=C +-+-+-+-,
I ff T T2 T3

rjJ,e C1 = 0,07421; C2 = 164,904; C3 = -3990,47;
C4 = 1,51563' LOs;Cs= -1,67512' 107•

CnYCT51'-IeTblpe rOjJ,aY. 3HTIJ,MaHOM H B. BafHe-
pOM [LO] 6blno pa3pa60TaHO 11 orry6nHKoBaHO ypaB-
HeHHe COCT051HH51MeTaHa B <popMe 3aBHCHMOCTI1
CB060jJ,HOH 3HeprHI1 OT TeMnepaTypbI H nnOTHOCTH.
YKa3aHHa51 3aBHCI1MOCTb Hcnonb3yeTC51 B BepCH5lX
nporpaMMbl REFPROP )J,J151paC'-IeTa TepMOjJ,HHaMH-
'-IeCKI1XCBOHCTBMeTaHa.

YpaBHeHHe COCT051HI15l[10] BKJIIO'-IaeTB ce65l cne-
jJ,yJOllJ,YIO<popMyny )J,J151BToporo Bl1pHaJIbHOrO K03<p-
<pHLJ,l1eHTa

BP
KP

= 0,0436790 h- - D,S + 0,1830488 + 0,670923,0,5-
-1,6143895, - 0,4289364,2-0,01932041,5 (3)

me PKp = 162,66 Kr1M3; , = TKP IT, 3jJ,eCb, - 06paTHa5l
BenWIHHa npHBejJ,eHHoH TeMneparype; T = 190,564 K.

Kp
3Ha'-leHH51 BToporo Bl1pl1aJIbHOrO K03<P<PI1IJ,I1-

eHTa, paCCLIHTaHHble no <popMynaM (2) 11 (3) TaIOKe
npejJ,CTaBJIeHbl B Ta6JI. 2, a paCXmK,lI,eHI15IC jJ,pyrl1MI1
jJ,aHHbIMI1 nOKa3aHbI Ha pl1cyHKe. Ha HeM npI1BO,lI,51TC5l
a6COJIIOTHbie paCXmK,lI,eHI15lMe)l(,lI,)' nepe'-lHCJIeHHbIMI1
Bblwe jJ,aHHbIMI1I1 3Ha'-leHI15lMH BToporo BHpHaJIbHOrO
K03<P<PHLJ,HeHTa,KOTopble 6bIJII1 BbI'-II1CneHbI no ypaB-
HeHI1IO, nOJIy'-leHHoMy B HaCT051IIJ,eHpa60Te

B=4 9792-0 70652Jt_1O,0088 _1,43LO, (4)" ,,3
me, = TIT

KP
; T

KP
= 190,564 K.

TeMnepaTypa EOHJUI no ypaBHeHl110 COCTaBHJIa
508,66 K.

AHaJIH3 pe3yJIbTaTOB, npejJ,CTaBJIeHHbIX B Ta6JI. 2
H nOKa3aHHbiX rpa<pH'-IeCKH Ha pl1cyHKe, n03BOJI5l-
eT npl1HTI1 K CJIejJ,YIOIIJ,I1MBbIBOjJ,aM. YpaBHeHHe (4)
JIyLJwe jJ,pyrHx BocnpOH3BOjJ,I1T 3KCnepl1MeHTaJIbHble
jJ,aHHble 11COjJ,ep)I(MTMeHbllIee '-IHCJIOK03<P<PHIJ,HeH-
TOB. B jJ,l1ana30He TeMnepaTyp OT 220 jJ,0 540 K paCLJeT
no ypaBHeHH51M (3) H (4) npHBOjJ,HT K npaKTH'-IeCKH
COBnajJ,alOllJ,HM pe3YJIbTaTaM. 3a rpaHHLJ,aMH 3Toro
jJ,Hana30Ha paCXO)l(,lI,eHI15lCTaHOB51TC513aMeTHbIMH.

ITPI1 TeMnepaTypax OT 160 jJ,0 400 K ypaBHeHH51
(1) H (2) CI1JIbHee OTKJIOH51IOTC51OT onblTHblX jJ,aHHbIX,
OjJ,HaKO B OCHOBHOM paCXO)l(,lI,eHI151He npeBblwalOT
0,02CM3/r. ITPH TeMnepaTypax Bblwe 400 K ypaBHe-
HHe (2) JIYClwe OTBeTcTByeT pe3YJIbTaTaM 3KcnepH-
MeHTOB, '-IeM ypaBHeHl1e (1).

YpaBHeHl1e (4) He TOJIbKO XopOWO BOCnp0I13BO-
jJ,HT onbITHble jJ,aHHbIe, HO TaIOKe ycpejJ,H51eTpe3ynb-
TaTbI paC'-IeTOBBToporo Bl1pHaJIbHOrO K03<P<PI1LJ,HeHTa
MeTaHa no <popMyJIaM (1), (2) H (3) 3a rpaHHLJ,aMH H3Y-
LJeHHOrOjJ,Hana30Ha TeMnepaTyp 160-623 K.
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