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On the basis of the fluctuation theory of phase transitions and
the gravitational effect theory, the dependences of the relaxation
times of density and density gradient in nonhomogeneous liquids
near the critical temperature on the altitude in a gravitational
field have been calculated. The nonmonotonous dependences of
the values concerned on the altitude for nonhomogeneous liquids
in the critical state have been explained. The results obtained are
confirmed by experimental data on the equilibration kinetics in
nonhomogeneous systems near a critical point (CP).

Earlier, nonmonotonous dependences of the relaxation
times for various optical and thermodynamic
characteristics on both the temperature and altitude
in a gravitational field have been revealed for
nonhomogeneous liquids near a CP [1—3]. For example,
it was shown in [2, 3] that, when approaching the
altitude level z = 0 in liquids with critical density
or concentration, the relaxation times of density,
concentration, and compressibility decrease rather than
increase, as was predicted in [4]. The results obtained
found their theoretical substantiation in [5, 6] in the
framework of the fluctuation theory of phase transitions
[4] and the gravitational effect theory [7] for the case of
the thermodynamic direction which is characterized by
the inequality

K= P dp 5
Ay = = h— < 979,
mE T Tt s
Here, 0 = T;“Tc) h = p;gz’ Mes Pe, Tc; and pPc are

the critical values for the chemical potential, pressure,
temperature, and density of the system, respectively, g
is a free fall acceleration, z is an altitude reckoned from
the critical isochore level, and 8 and § are critical indices
[4].

In this work, the relaxation features of
nonhomogeneous liquids in the gravitational field are
investigated in the vicinity of the thermodynamic
direction of the critical isotherm, where the inverse
inequality is valid: Ay > 699,

The relaxation times of density, density gradient, and

compres51b111ty 2L~ Z—Z are calculated, as earlier [5, 6],
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on the basis of the relations
op(z,t) = p(z,t) — p(2,teq) = p(z,t = 0) exp (—At/71),

(1)

dp dp dp
5%(2:75) dh( i) — dh(z teq) =
= 5%(z,t =0)exp (—At/T). (2)

Here, tcq is the equilibration time of the system. With
these relations, the altitude and temporal dependences
of the density Ap(z At) = dF - and the density gradient

iﬂ ~ g% = dd o are determlned with regard for the form

du
of the ﬂuctuatlon part of the thermodynamic potential
Fn = CoR;? [4]. In the case Au > 699 the correlation
length of the system is

[ee]

Sl= AP dpz. (3)
n=0

Here, z* = x5 f/ﬁs is a scale variable, 8§ = E’ and v and

& are the crltlcal indices of the correlation length [4].
On the basis of Eqgs. (1)—(3), let us consider the
kinetics of establishing the equilibrium gravitational
effect, provided that the equilibrium system is heated
fast (during 10—15 min [1]) from the initial temperature
#1, = 0 to the final one 6> > 0. As a result, a
slow change of the altitude profile of the derivative
g‘z’ (z,t) will begin to occur towards the equilibrium
distribution %(2,02). In so doing, the system will
pass different states corresponding to temperatures 6
within the interval from 0 to 5, at different times At’s
[1]. Earlier [1, 5], a relation between the equilibration
time feq in a nonhomogeneous system, situated in the
gravitational field, and the temperature was proposed in

the form
At = toq(B2) — teq(81 = 0) = k0™ ~ kb, (4)

Here, k is a constant and 8d — v ~ 1 [4].
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Then, making use of (1)—(4), one can obtain the
following relations which determine the relaxation times
for the density, compressibility, and density gradient of
a nonhomogeneous liquid in the gravitational field to the
relevant equilibrium values:

m(p(z)) = At [1 + %(92 - 9)h55] , (5)
T <Z—Z ~ %) = At [1 + g—i(ez — 0)h—5‘5} . (6)

Here, Al = 3C(3€—1/ﬁ6)d1d3, AQ = 30(35—2/65)d2d%,
By =3C¢(36—1/36)(3¢—1/B5—1)d1d3, Bx = 3CE(3E—
2/B0)(3¢ — 2/B6 — 1)dadg; Co, do, di, dy, and £ are
parameters of relation (3).

As is seen from (5) and (6), the relaxation times
of those characteristics of a nonhomogeneous liquid are
functions of both the temperature # and altitude h.
Egs. (5) and (6) lead to an important conclusion that
the relaxation times in nonhomogeneous systems in the
gravitational field do not decrease with moving off from
the critical temperature (At ~ 6) [4], but, on the
contrary, increase. This conclusion was experimentally
confirmed in [1] and other papers.

To analyze the dependences of 7 on the altitude [Eqgs.
(5) and (6)], it is necessary to know the signs of the
coefficients A, and B,,. Therefore, one should consider
experimental data on the altitude and temperature
dependences of the scattered light intensity I(z,0) ~
g—Z(Z, 0) [7], correlation length [8], and substance density
[9] near the CP. An analysis of those data for the
altitudes z, where the inequality Ap > 659 is valid,
makes it possible to find the coefficient signs: A; < 0,
Ay < 0, By >0, B, >0 (AlAQ > 0, and B1 By > 0)
Then it follows from (5) and (6) that the relaxation time
decreases with moving away from the critical isochore
level. This conclusion is also confirmed by experimental
data in [2, 3] for altitudes far from the critical isochore
level.

But for altitudes close to z = 0, i.e. if Ay < 699,
the relaxation times were shown, both experimentally
[2, 3] and theoretically [5, 6], to increase rather than
decrease, with moving off from the critical isochore level.
Therefore, our results together with the results of [5, 6]
evidence for that the extrema of the relaxation times
of the density and compressibility of a nonhomogeneous
liquid in a gravitational field have to occur in the range
of the altitudes z, where the condition Ay = h% ~ 999
is fulfilled. In other words, those calculations show the
nonmonotonous dependences for the relaxation times of
the density, density gradient, and compressibility of a
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nonhomogeneous liquid in a gravitational field near the

CP.

Earlier [3, 10], it was shown that the altitudes
209, where the nonequilibrium isotherms g—z ~ %(z,t)
cross one another, when the system approaches the
equilibrium state, correspond to that level of extrema
of the relaxation times 7(z). The substance properties at
those points of extremal relaxation times [3, 10] combine
simultaneously the substance properties along three
critical directions: critical isochore, critical isotherm, and
phase interface.
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JACH PEJAKCAIIT HEOJHOPIIHNX PIIAH
B T'PABITAIIMTHOMY IIOJII IIOBJINU3Y
KPUTUIHOT TEMIIEPATYPU

0./. Aavozin, JI.A. Byaasin
Peszmowme

Ha ocmoBi daykryaniitamoi Teopii ¢dazoBux mepexoxmi i Teopil
rpaBiTaniffHOro edeKTy MpPOBEIEeHO PO3PaXyHKU BHCOTHOI 3aJIeXK-
HOCTI JaciB pesakcamii rycTuHu i rpai€HTa ryCTHHHU J0 CBOIX piB-
HOBa)KHHUX 3HAUEeHb Yy HEOMHODIJHINA pevoBHHI B rpaBiTaliiHOMY
mosi mobsu3y kpurmaHO! Temmeparypu. OOrpyHTOBAHO HEMOHO-
TOHHY BHCOTHY 3aJIE2KHICTH BKA3AHHX XaPAKTE€PUCTUK HEOTHODII-
HOI piAuHU B KpUTHYHOMY cTaHi. OJepkaHi pe3ysbTaTH MmigTBEP-
JAKYIOTHCA eKCIIEPUMEHTAJIbHUMA JAHUMHA 3 KiHeTI/IKI/I BCTAaHOBJIEH-
HS PIBHOBArdu B HEOJHOPITHUX CHCTEMaX MOOIN3Y KPUTHIHOT TOUKH
(KT).
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