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In work the equation describing a wide vicinity of a critical point according to the modern theory of the critical
phenomena is offered and transfers all prominent features of behaviour of thermodynamic functions. Equation
factors are found in mathematical package MachCad with use of experimental data file. The received results al-
low to draw a conclusion that the offered equation does not concede on accuracy and working area to the known
asymmetric scale equations of state and more precisely satisfies to the requirement of equality of chemical
potentials.
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KnlOlfesble cnosa: xnaAOH R23, MacwTa6Hoe ypaBHeHl-1e COCTOHHl-1H,Kpl-1Tl-14eCKaHT04Ka, TepMOAl-1HaMl-14eCKl-1e
cBoCicTBa, paBeHcTBo Xl-1Ml-14eCKl-1XnOTeHLJ,l-1anOB.

B pa60Te [1] ,LJ)I5IOfll1CaHlUI IllIIpOKOH OKpeCT-

HOCTII KpIITIIy.ecKoH TOY.KII rrpe,LJ)IO)I(eHO ypaBHeHIIe

COCTOHHIIH, KOTopoe B COOTBeTCTBIIe C COBpeMeH-

HOi1 TeOpl1ei1 KpI1TI1'-1eCKIIX HBJIeHIIH rrepe)),aeT Bce

xapaKTepHble oc06eHHOCTl1 nOBe)),eHI1H TepMo)),l1-

HaMIIy.eCKIIX <PYHKIJ:IIH, 06yCJIOBJIeHHbie HaJIWIlI-

eM KpynHoMacIllTa6HbIX <pJIyKTyaIJ:IIH rrJIOTHOCTII

B 3TOH 06JIaCTI1. O)),HaKO npOBe)),eHHbIH aHaJIII3 XII-

MI1y.eCKoro nOTeHIJ:IIaJIa, paCCy.IITaHHoro Ha OCHOBe

MaCIllTa6Horo ypaBHeHII5I [1] nOKa3aJI, YTO Ha JII1-

HI1II <pa30Boro paBHOBeCIIH paBeHCTBO XIIMIIy.eCKIIX

nOTeHIJ:l1aJIOB

BbIfIOJIH51IOTC51o)),HoBpeMeHHo Ha )),IIcKpeTHoM MHO-
)I(eCTBe TOl..{eKJIIIHIIII HaCbrmeHII5I. 3)),ecb !J.- II !J.+ -

3Hay.eHII5I XIIMI1y.eCKoro nOTeHIJ:IIaJIa !J.(p,T) Ha rrapo-

BOH II )I(lI)),KOCTHOHBeTB5IXJIIIHIIII HaCblmeHII5I, COOT-

BeTCTBeHHO.

B IJ,eJI51XnpeO)),OJIeHI1H YKa3aHHoro He)),OCTaTKa,

113 CTPYKTypbl CB060)),HOH 3HepflIII F (p, T) [1] 6bIJIII

I1CKJIIOl..{eHbIBce CJIaraeMble TIIrra F(p,T) - ~pa(x) ,
KOTopble MeH5IIOT 3HaK rrpII rrepexo)),e qepe3 KpIITII-

y.ecKYIO 1130XOPY. HII)I(e nOKa3aHO, l..{TOrrpe06pa30-

BaHHoe TaKl1M 06pa30M aCIIMMeTpIIQHOe MacIllTa6Hoe

ypaBHeHIIe

06ecnel..{f.1BaeT BbIfIOJIHeHIIe paBeHcTB (1) II (2) B Ka)l(-

)),OHTOy.Ke JIIIHIIII <pa30Boro paBHOBeCII5I.

3)),eCb Pc - Kpl1TI1y.eCKoe )),aBJIeHIIe; a - KpII-

TIIl..{eCKIIH I1H)),eKC 1130XOpHOH TerrJIOeMKOCTII C,;
~o = 0; ~I = ~ - HeaCI1MrrTOTI1y.eCKIIH KpI1TI1l..{eCKI1i1

IIH)),eKC; ~2 II ~3 - aCI1MMeTpIIQHbre KpIITI1y.ec-

KIIe IIH)),eKCbI; 't = T / ~ -1, me ~ - KpI1TI1y.eCKa51

TeMnepaTYpa; is - <pyHKIJ:II5I, KOTOpa5I orrpe)),eJI51eT

rrOJIO)l(eHl1e JIIIHIIII HaCblmeHII5I Ha TepMO)),IIHaMII-

l..{eCKOHrrOBepXHOCTI1, T. K. comaCHO [4] ypaBHeHl1e

JII1HI1II HaCblmeHII5I IIMeeT BII)), X = -xo , a x = 't / 'ts -

0606meHHa5I MaCIllTa6Ha51 nepeMeHHaH PblKoBa;

a/x) - MacIllTa6Hbre <PYHKIJ:IIIIcB060)),HOH 3HepflIl1

~p = p / Pc -1; Pc - KQ!D'IIl..{eCKa51rrJIOTHOCTb;

J;(t)=Ui+4/t,me i=2,4,
3 2

/0 (t)= 'fPJrJ, J;~)= 'fPJ+3rJ.
J~1 J~I

TepMIIQeCKOe ypaBHeHIIe COCT051HII5I,BCOOTBeTC-

TBI1II C II3BeCTHhrM TepMO)),IIHaMIIQeCKl1M paBeHCTBOM

P = p2 (oF / OP)T ' npl1HIIMaeT BII)),:

n, 6 [ (T )2L= - I,~'ti + I,Di (i -1)(Oi 1---!!.. -
Pc i~l i~2 T

( )]

4 .
; 1',. 1',. 1-"+1\,' - -

-(0 1-- - +I,J;(t)'ts (W't,h;(X)-'tA (X)),
T T ;=0

r)),e 1',. = ~ (1- Xo't,); h/x) - MaCIllTa6Hbre <PYHKIJ:III1

XIIMW-reCKOrO rrOTeHIJ:IIaJIa:



l-'boxOpHa51 TenJIOeMKOCTb HaXO,iJ)1TC51 no ¢OPMY-

JIe C, = - T (a2F / a T2
). I1 OnI1CbIBaeTC51 CJIe)JylOll.\I1M

Bblpa)f(eHl1eM:

T2p "I . "2 ._c_c, (p,T)= - LJ(i -1)Ai1:,-2 + 0)LJQ -1)Bi1:,-2 +
PcT i=1 i=1

6 T (T I 4 ( "t2~DiO)i;; ; _2)-~Ui1:;a+6i f (t)a/q+ (8)

+_2_1' (t)a;(x)++ f (t)a;'(x)),
TJs ~~

r,n:e f (t)= ri
•

MacwTa6Hble ¢YHKUI1I1, BXO,U51ll.\l1e B ypaBHeHI151

(3)+(8), paCCYI1TbIBaIOTC51 Ha OCHOBe CJIe,UYIOll.\I1X 3a-

BI1GI1MOCTeH:

( -) A [(- )2-a X01 (- )2-a]ao x = 01 x+XOI -- x+x02 +
x02

( -) A [(- )2-a+6 XI2 (- )2-a+6]al x = II x+xlI -- X+XI2 +
XII

+B1I (x + x13y+6 +C1,

() (- )2-a+62 X21 (- )2-a+62 Ca2 x = X+X21 -- X+X22 + 2'
X22

3HayeHI151 K03¢¢1111,I1eHTOB Ci (r,Ue i= 0, I, ... ,4 )
onpe,UeJI51IOTC51 113 paBeHCTB:

(2-U+l1i)ai (x = -Xo)-xa; ex = -Xo)= O.

TeM caMblM 06eCneYI1BaeTC51 CTporoe BbIITOJIHe-

Hl1e, B paMKax npe,UJIO)f(eHHOrO MeTo,Ua, TepMO,UI1Ha-

MWleCKl1X paBeHCTB (I) 11 (2) B Ka)f(,UOH TOYKe JII1HI1I1

¢a30Boro paBHOBeCI151. )l:eticTBI1TeJIbHO, 113 onpe,Ue-

JIeHI151 nepeMeHHoti X CJIe,UyeT, YTO B Ka)f(,UOti TOYKe

JII1HI1I1 HaCbIll.\eHI151 BbIITOJIH51eTC51 paBeHCTBO X = -xo .
Tor,n:a ypaBHeHl1e JII1H 1111ynpyrOCTI1 I1MeeT BI1,U:

3 nl.

p"CF,J = - PcI,1:~-a+6i1:A(-xo)- I,Ai (-Xo1:J, (14)
;=0 i=1

a 3HayeHI151 XI1Ml1yeCKOrO nOTeHlI,l1aJIa Ha .>Kl1.,U-

KOCTHOti I1 napoBoti BeTB51X JII1HI1I1 HaCbIlIJ,eHI151 onpe-

,UeJI51IOTC51paBeHCTBaMI1

~~+ ,1;,)=~~-,r:)= Pc ± Bi (-Xo1:s) (15)
Pc i=1

113 ¢OPMYJI (14) I1 (15) CJIe,UyeT, YTO ,UaBJIeHl1e

I1 XI1Ml1yeCKl1H nOTeHu,l1aJI, B paMKax npe,UJIO)f(eHHOrO

no,Uxo,Ua, Ha JII1HI1I1 ¢a30Boro paBHOBeCl15l onpe,UeJI51-

IOTC51TOJIbKO O,UHOti nepeMeHHoti ~, T. e. 3HayeHl1eM

TeMnepaTypbI Ha JII1HI1I1 HaCblll.\eHI151.

3TO 03HayaeT, YTO npe,UJIO)f(eHHOe aCI1MMeT-

pl1YHOe MaClllTa6HOe ypaBHeHl1e R23 06eCneYI1BaeT

HaJII1Hl111 ¢a30Boro paBHOBeCI151 TOYHOe BbIITOJIHeHl1e

Tpe60BaHl1H (1) 11(2).
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PUC. I. OmKflOHeHUJI 3Ha'leHldl nflomHocmu, paCC'IUmaHHbLX
no acuMMempu'IHoMy MacUlma6HoMy ypaeHeHUIO JaHHou pa6ombl,

om JaHHbix PaccKa30eaj!,. C. [3l Ha U30mepMax:
1- 293,15K; 2- 298,06 K; 3 - 298,15 K; 4 - 299,06 K;

5 - 300,15 K; 6 - 303,15 K; 7- 311,15K;
8- 318,15K; 9- 323,15K; 10- 333,15K
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PUC. 2. OmKfloHeHufi 3Ha'leHUU nllOmHocmu, paCC'IUmaHHbIX
no aCUMMempu'IHoMy MacUlma6HoMy ypa6HeHUIO JaHHou pa6ombl,

om JaHHbix B. B. MmyHuHa lfa U3omepMax:
I - 293,15K; 2 - 303,15 K; 3 - 313,15K;
4 - 323,15K; 5 - 333,15 K; 6 - 351,15K.
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PUC. 3. OmKJIOHeHUJl3Ha'leHUU nJlOmHOCmu Ha flUHUU rPm060cO
pa6H06eCUJI, paCC'IUmaHHbIX no ypa6HeHUIO COCmOflHUJIJaflllOu pa-

6ombl, om 3KcnepUMeHmGJIbHbiX JaHHbix A. M. IlJa6aHJpuHa [6l,
Y. C. Hou, J. J. Martin [1l:

I, 3 - ;)[CuJKoCmflGfl eemeb; 2, 4 - nap06Gf1 6em6b
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Puc. 4. OmKJIOHeHUJl3HalfeHuu U30XOpHOU menAoeMKocmu,
pacc'lumaliHblX no ypa6HeHUIO COCmORHUJIaaHHou pa60mbl

am 3KcnepUMeHmaAbHbIX aaHHblX B. CP.JIblceHKo6a [2] Ha U30XOpax:
1- 439,9K2/MJ

; 2 - 383,4K2/MJ; 3 - 604,OK2/MJ;

H. B FOa6UHCKOU fla U30xopax: 4 - 509,3K2/MJ; 5 - 418,8K2/MJ

00I1CKK03q)(l:H1Ul1eHToBypaBHeHJ15ICOCT05IHI15I(3)
npOBO)lI1JlC5IB MaTeMaTWleCKOM naKeTe MathCAD
Ha MaCCI1Be3KCnepl1MeHTaJlbHbiX )laHHblX [1, 2, 3, 6].
B pe3YJ1bTaTe napaMeTpaM ypaBHemrn npl1CBOeHbI
CJle)lyrow.l1e 3HayeHI151:
T.: = 298,82 K; Pc = 4,79524 MOa; Pc = 525,0 Kr/M3;

ex = 0,11; ~ = 0,325; .1 = 0,5; .12 = I- ex +~; .13 =2.12 ;

XOI = 0,692; X02 = 1,9; XQ3 = 1,59; XII = 1,9; XI2 = 2,9; xi3 =
1,9; X21 = 1,59; x22 = 2,9; X31 = 1,59; X41 = 2,9; X42 = 1,9;
AI = 2,9296880450799; A2 = 53,470047113227;
A3 = - 2309,5385642664;
A4 = 32634,958100886; A:; = - 263438,32537315;
A6 = 1074329,7239537;
A7 = - 1722087,1574363;
B1 = - 15,084822922347; B2 = 3,6657781175012;
B3 = 112,06386563896; D1 = 22,952506195679; D2 = 0;
D3 = - 107,96467829491; D4 = 157,49696040080;
Ds = - 77,484024184960;
D6 = 12,790002841984; UI = - 90,805940415714;
U2 = 61,530195869902;
U3 = 38,797164544723; U4 = 45,723408787334;
Us = - 28,526046343577;
U6 = 24,487577972567; U7 = 4,8943754611056;
Ug = - 3,4584959011622.

OTKJlOHeHI151 TepMJ1lJ:eCKI1X 11 KaJl0pJ1yeCKI1X
CBOI1CTBR23, paCCLII1TaHHbIXno ypaBHeHJ110 COCTO-
51HI151(2), OT COOTBeTCTBYIOW.I1XonbITHbIX )laHHbIX
npe)lCTaBJleHbl Ha PI1C. 1-4. AHaJlJ13, npe)lCTaBJleH-
HOI1Ha )laHHbIX pl1cyHKax J1H<popMaUJ1J1(CM. pJ1C. 5),
nOKa3bIBaeT, YTO pa60lJ:a5I 06JlaCTb npe)lJlO)J(eHHoro
ypaBHeHI151 COCT05lHI151onpe)leJ151eTC5I HepaBeHCTBa-
MJ1: O,44pc ~ P ~ 1,7pc , T" ~ T ~ 1,15T.: .

OOJlYLleHHble pe3YJlbTaTbI n03BOJ15IIOT C)leJ1aTb
BbIBO)l, YTO npe)lJlO)J(eHHoe ypaBHeHJ1e COCT05lHJ15I
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PUC. 5. TepMUlfeCKa51 n06epXHocmb R23: 1 - AUIiUR cjJG306020
pa6H06eCUR, paCCIfUlnaHHGR no ypa6HeHUIO (2); 2 - aGfllible

PaccKa306a JJ.. C. [3]; 3 - aaHHble B. B. MmYHuHa; 4 - aaHHble
A. M. lJIa6aHJpuHa [6]; 5 - Jaflflble Y. C. Hou, J. J. Marlin [1]

He yCTynaeT no TOYHOCTJ1J1pa60Yel1 06JlaCTI1 113Bec-
THblM aCJ1MMeTpWIHbIM MaClllTa6HblM ypaBHeHI151M
COCT05lHI15I,HO 60Jlee TOlJ:HOy)lOBJ1eTBOp5leTTpe60Ba-
HJ15IM( 1) J1(2).
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