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ABSTRACT

Modelling of fluids vertical convection in nature by means of our original bubble-boiling method (BBM)
allowed us to investigate behavior of the thermodynamic parameters of solutions during the whole process of
heating (result of joint action of the processes of temperature conductivity, thermals and vapour bubbles
mixing convective motion). There were obtained the universal dependence between the of bubble-boiling
temperature and density of the solutions and existence of linear lows between points of discontinuities: Tqc,
tdc, Sdc, and pac which we can write, for q = const., as: (dT/ dp)ac = const., (dp/ dt)ac = const., and (dS/ dT)qc =
const. This method allowed us to show experimentally a similarity between the temperature-time (T, t)-
diagrams of some matters water solutions and Tammann’s glassy state-diagrams. We try to find accordance
between well-known Euler’s theorem on right polyhedrons and Gibbs thermodynamic rule about
heterogeneous systems. Perhaps, using Gibbs-Tammann method for description of multicomponent system (n
=4, 5, ...), may obtain tetrahedron, octahedron and others. Then, for precise establishment of the moments
of the liquids the micro- and macro-scale bubble-boiling regimes beginning, we analyzed our experimental
(T, t)-, (dT/dt, T)-, and (d?® T/dt?>, T)-curves, which showed the existence of the acute maximums near
temperatures T = 40 °C and T = 80 °C, respectively. Naturally, the same picture shows the temperature
dependence of following even derivative of T with respect to t. Thus, this method of processing of T(t)-
experimental data allowed us to avoid use of complex high-speed filming technique. Obtained analogy
between thermodynamic diagrams of the glassy state of matter and the bubble boiling of liquids is caused by
the fluidity of the glass as liquid (that is, “glass is liquid” (Tammann); undoubtedly, this is the best example
of the phenomenon supporting well-known Frenkel’s kinetic theory of liquids). More over one can assume
thar the idea of the kinetiC theory was “prompted” to Frenkel by Tammann’s glassy state, as probably form
of Gibbs rule was “prompted” to him by Euler theorem about polyhedrons.
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1. Introduction

Some years ago the authors suggested new fluids bubble boiling method for modeling (BBM) of vertical
convection processes having place in the geospheres. Then they were developed in our recent articles for
artificial solutions and analyzed by means of T (t), AS (T), and T (p) experimental curves for definition of
admixture of the mass content density of solutions or natural waters. There were obtained optimal values of
the liquid volume, the heating intensity, and temperature measurement frequency. BBM-method allows us
for short time to determine main thermodynamic parameters, to avoid the technical difficulties of
preparation, and carry out measuring, especially near the points of the second kind of discontinuity in the
temperature interval 40 °C — 80 °C between the micro- and macro-bubble boiling regimes[7-12].For more
precise determination of the second kind of discontinuity of the temperature of heating liquids in time except
of time dependence of the classical entropy (dS = dQ/T °K, t) there were constructed time dependence of
pseudo-entropy (dX = dQ’/T °C, t),where instead of Kelvin’s degree °Kof temperature was used Celsius, °C,
one. By this way it was discover the point of discontinuity at T near 40 °C which was not seen in case of the
curve (dS = dQ/T °K, t). Therefore then it was recommended to use pseudo-entropy (d = dQ’/T °C, t) at
(40°C <T< 50°C).Below it is considered: (a) similarity between experimental (T, t)-curves of any matter
water solutions and according diagrams of the matter glassy state; (b) the peculiarities of mentioned (T, t)-
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curves at the points of discontinuities (40 °C and 80 °C) by means of applying the calculus method to the
points of contrary flexure (liquid micro- and macroscale bubble-boiling regimes beginning, respectively) on
the curves (dT/dt, T).It is also discussed accordance between well-known Euler’s theorem about
polyhedrons, Gibbs thermodynamic low and Tammann-Frenkel view on the similarity of solid and liquid
bodies structure.

2. Thermodynamics of Gibbs-Tammann and Euler’s polyhedron [1-3, 6]
2.1. Geometrical formalism of thermodynamics

As necessary, the classic sciences consider ideal model of their objects of investigation:
themathematics — right geometric figures, mineralogy— crystalpolyhedron, physics and chemistry — ideal
gases and liquids, geophysics— crystals, which play paramount role, in particular, on close examination of
pieces of volcanic glass and the Earth’s interior generally. Therefore, study of a thermodynamics of the
matter phase transformation in nature and in a laboratory usually is provided on the basis of correlation
between a form of crystal and its configuration energy. In this connection it is interesting to pay attention to
the well-known expressions — thermodynamic rule of Gibbs [1], and geometric formula of Euler [6].

On the one hand, when a chemical homogeneous substance is appeared in two or three aggregate states
simultaneously under invariable pressure and temperature, then they are in equilibrium with each other and
submitted to the following Gibbs rule of phases:

F=N+2-R, (1

Where F is a degree of freedom, N is a number of matters, and R is a number of phases.
On the other hand, Euler’s formula for relation between the geometric characteristics of a
polyhedronis following:
F=E+2-V, (2

where F is a number of faces, E is a number of edges, and V is a number of vertexes.

In formal comparison of these expressions it is arisen an instant a neo us impression that they are similar not
only outwardly. They also reflect dependence between them: between thermodynamic parameters of the
system and its inner structure, exactly — crystal structure or in case of Euler’s geometric formula —the
polyhedron. Both of them characterize the stable state of the systems.

As is well known, a “transition of non-isotropic state into other one is impossible, as a transition of
isotropic state into non-isotropic one is impossible”. In view of this property of crystals, | think that it is
possible to find among of many-component systems corresponding sample one. Analysis shoes that such
object is the four-component (n = 4) system. For n<3Tammann uses plane geometry, for n > 4 his
thermodynamic diagram is projected in space geometry, in particular, in the form of tetrahedron (n = 4).
More detail this question will be discuss below.

2.2. The stable and unstable stations of melting and bubble boiling thermodynamic systems
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Fig. 1. Temperature-time (T, t)-diagrams of heating and cooling of some matters:(a), (b) —Tammann's
qualitative curves are (T, t)-diagrams of according processes [3]; (c)— (T, t)-experimental curves of saturated
solution for any matters (using [11,12]).
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Analyze of Fig. 1 shows that at the points of phase-transformations crystal-liquid and vise-versa
(Fig. 1a, b) the angle of refraction is larger than at the change of micro- and macro-bubble boiling at heating
and cooling (Fig. 1c), respectively. It is necessary to note, that the brunch of the cooling curve in Fig. 1c, is
the dashed curve in Fig. 2b. Full time of cooling is 184 min (not 40 min as in the diagram of Fig. 1c), then
real curve in the last case would have view as the cooling curves in diagrams of Fig. 1a, b, respectively.
Above mentioned similarity of the diagrams allow us to speak about the short-range ordering considered
thermodynamic systems. This moment is confirmed by investigations [2] according which “molecules are
more active in a glass than in a crystal: in crystal lattice molecules are more ordered, and in a glass they are
settled down chaotically.” Thus, in that case the glass is supersaturated liquid. It is interesting other citation:
three isotropic states: gaseous, liquid and solid (glassy) can transform from one state into another one
without division on two phases (persistently). Quite otherwise the things are in case of crystal — non isotropic
phase — generation from a vapour, liquid or glass [2]. That is, above mentioned likeness of diagrams allows
us to speak about of short-range order in the considered substances. From the point of view both of physics
and mathematics, the order-disorder phenomena and superlattice alloys demand special consideration, firstly
proofed by Tammann experimentally which further were developed in [13-17] and others.

t...min
M 30 20 10 Q@

‘ 2 40 30 200 1 ]
0 1
i Jols 100 f }
S0 // 80 /Cr
- o ! ///'
&‘ 60 44 kS A @) 4 )}f
el | 5 LR | s
¥ T |
40 4 40 i
i p=|-_0g/cm.3 | [)=l‘-'57g/cm_3
20 20- ]
0 0 H——— 2 e o
0 w20 30 40 0 10 20 30 40
t, min t, min
(@) (b)

Fig. 2. The hysteresis curves of: (a) — pure water (p = 1 g/cm®) and (b) — sugar
solution in a water (p = 1.47 g/cm®) when the intensity of heating g = 2W/cm?;
the solid lines correspond to the heating process of liquids (time scale is below),
and dashed lines — to the cooling of them (time scale — above). Time of cooling
of pure water was equal to 136 min, in case of the sugar solution — 184 min.

Fig. 2 shows the results of detail measuring during heating from initial temperature To= 20 °C to the
intensive bubble boiling temperature T3 = 100°C and then reverse motion of both curves (H-0 and C12H2,011
solution of maximal density, p= 1.47g-cm=). There are two points of crossing curves at temperature Ts =
100°C and lower at T>= 62°C. In case of clear water, H,O, time of heating from 20°C to 100°C equals to 45
min; coordinates of the second kind discontinuity are following T1(80°C, 25 min); coordinates of point of
boiling areT3(100°C, 45 min). In case of sugar, C12H2>011, time of heating from 20°C to 100°C equals to 40
min; coordinates of the second kind discontinuity are following T (40°C, 5 min); coordinates of point of
boiling are — T3 (100°C, 40 min).

Unlike the water solution of NaCl (with maximal density p = 1.2 g cm™, and temperature of boiling
Ts = 108°C), in case of sugar water solution (C12P22011), a rise of boiling temperature doesn’t occur, and its
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boiling temperature was equal toTs = 100°C. In case of sugar water solution of maximal density (p = 1.47
g-cm®), the hysteresis square between solid line an dashed one, directed in the opposite direction (of low
cooling process of the solution from the point of boiling T3 =100°C) before their crossing with each other
equals to, respectively: (a) for clear water (p = 1.0 g-cm?) the hysteresis squareADn(H20)= 3.5 sq. un.
coordinates of this point are following: Tn = 62°C, and corresponding time of cooling, th= 28 min; for sugar
solution of maximal density p = 1.47 g-cm3, ADn(C12P22011) = 2 un. sq.; coordinates of this point are
following: Tw= 68°C, and corresponding time of cooling, t»= 23 min; ratio between hysteresis squares of
sugar and clear water equals to= 4:7. Time of cooling of pure water was equal to 136 min =2 h 16
min, and in case of the sugar water solution was equal to 184 min = 3 h 04 min. (Fig. 2).

Fig. 3 represents results of the experimental investigation of temperature change in time of saturation
solution of any organic or nonorganic matters in a beaker of water (as usually, in our early experiments [7-
12]). Analysis of the (dT/dt, t)-curveoftheliquidtemperaturegrowthrateshowsthepointsofdiscontinuities
(tangent dashed lines: 1, 2, 3, 4, 5) and the point of inflection between points 3 and 4 atT = 40 °C (on the
T(t)-curve showed to the right of arrow). As this was to be expected, there the curve of (d? T/dt? t) has
extremum at the point between the micro- and macro-scale bubble boiling regimes of liquids [11, 12]. The
availability of the point of inflection (Tw) was shown by Tammann [2] for dependence of the second order
differential of the glasses physical properties on the temperature curves. The point Ty is in the temperature
interval of softening of the glass (Tr, Tg),where Ts is the temperature of the glass transformation into liquid
under slow heating; Ty is the temperature at which the body is become fragile under cooling, but not at once
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Fig.3. (dT/dt, t)-curve shows the rate of liquid temperature growth against the time,
T (the curve joins points: @); and (T, t)-curve shows the liquid temperature against
the time, t (the curve joins points: x).

For making more precise of the moments of the liquids bubble-boiling micro- and macro-scale

regimes appearances, respectively at T = 40 °C and T = 80 °C, we also constructed the curve (d*T/dt?, T)
(Fig. 4.). Here we see as both points of contrary flexure at the values of temperature T = 40 °C and T = 80 °C
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(the curve (dT/dt, T)) are illustrated by means of two acute maximums (1) of the curve (d?T/dt?, T)). As this
was to be expected, the availability of these maximums near 40 °C and T = 80 °C was not accident.
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Fig. 4. (dT/dt, T)-curve shows the rate of the liquid temperature growth against the
temperature, T, (the curve joins points: e); and (d?T/dt?, T)-curve shows the liquid
temperature growth acceleration against the temperature (the curve joins points: x).

As it is seen, the experimental curves of Fig. 3 and Fig. 4 are in a good accordance with each other
and with Fig. 1a, b give additional new information about similarity of considered here heating and bubble-
boiling process of liquids and peculiarities of glassy state-crystallization processes (Fig. 1¢) [2, 3].

3. Analysis and discussion.

3.1. Analyze of Fig. 1 shows that at mathe points of phase-transformations crystal-liquid and vise-
versa (Fig. 1a, b) the angle of refraction is larger than at the change of micro- and macro-bubble boiling at
heating and cooling (Fig. 1c), respectively. Difference between (T, t)-crystal heating-cooling diagrams (Fig.
1a, b) and according curves of any matter saturated solution (Fig. 1c) takes place as crystal’s heat conduction
is larger than the liquid’s one. Though the results of different processes are discussed here (process of glass
formation on the one hand and the bubble boiling on the other hand), it would be interesting to compare the
spherulites and the vapour bubbles concentration with micro- and macro-scale spectrums of water
pulverization and with air bubbles formation in the liquid phase during freezing of the super-cooled water (or
ice melting) in front of the moving front of the solid phase.
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According results are represented below in Fig. 4. For making more precise of the moments of the
liquids bubble-boiling micro- and macro-scale regimes appearances it was used (d?T/dt?, T)-function, which
(and every even derivative of T with respect to t) has an acute maximum. For example, the curve (d*T/dt?,
T) is narrower and lower than the curve of (d?T/dt?, T): near 40 °Capproximately ten times and near80 °C
twenty times, respectively. Therefore, one may conclude that precise measuring of temperature T(t) is
enough for exact definition of the bubble-boiling micro- and macro-scale regimes beginnings moments
(without of high-speed filming technique).

As we see, the experimental curves of Fig. 3 and Fig. 4 are in a good accordance with each other and
with Fig. 1a, b) [2, 3]. They give new additional information about similarity of considered here heating and
bubble-boiling process of liquids and peculiarities of glassy state-crystallization processes (Fig. 1c).
Obtained analogy between thermodynamic diagrams of the glassy state of matter and the bubble boiling of
liquids is caused by the fluidity of the glass as liquid (“glass is liquid” (Tammann); undoubtedly, this is the
best example of the phenomenon supporting well-known Frenkel’s kinetic theory of liquids).More over one
can assume that the idea of the kinetic theory was “prompted” to Frenkel by Tammann’s glassy state, as
probably form of Gibbs rule was “prompted” to him by Euler theorem about polyhedrons.

4. Conclusion

Modelling of fluids vertical convection in nature by means of our bubble-boiling method allowed us
experimentally to investigate the thermodynamic parameters of solutions and their behavior during the whole
process of heating. For more definition of the point of temperature discontinuity (Tqc) was introduced
pseudo-entropy function (X = Q/t°C), where temperature was measured in Celsius degrees. It is suggested to
use pseudo-entropy parameter, X, in above mentioned cases. Then it was shown experimentally the likeness
between the temperature-time (T, t)-diagrams of any matters water solutions and according crystal’s glassy
state ones. We try also to find accordance between well-known Euler geometry and Gibbs thermodynamic
equations. As a transition of non-isotropic state into other one is impossible, as a transition of isotropic state
into non-isotropic one is impossible. In view of this property of crystals, | think that it is possible to find
among of many-component systems the corresponding sample. Analysis shows that such object is the four-
component system, which will give us to use Tammann’s thermodynamic tetrahedron for example. For
making more precise of the moments of the liquids bubble-boiling micro- and macro-scale regimes
appearances, respectively at T = 40 °C and T = °C, we also constructed the graph (d?T/dt?, T) in Fig. 4.
Here we see as the points of contrary flexure at the value of temperature T =40 °C and T = 80 °C (the curve
(dT/dt, T)) are illustrated by means of the presence of two acute maximums on the curve (dT/dt?, T). As
this was to be expected, the availability of these maximums near temperature 40 °C and 80 °C was not
accident. It is interesting also to note that according maximums on the curve (d*T/dt*, T) are narrower and
lower than maximums of the curve (d?T/dt?, T). We can conclude that an accurate measuring, for example, of
the temperature, T(t), is quite enough for exact definition of the micro- and macro-scale bubble-boiling
regimes beginning moments without using, for example, of high-speed filming technique. Analogy between
thermodynamic diagrams both of the glassy state of minerals and the bubble boiling of liquids is caused by
the fluidity of the glass as liquid, that is, “glass is liquid” (Tammann); this is the best example of the
phenomenon supporting Frenkel’s Kinetic theory of liquids). Obtained results quite naturally are in the
channel of Euler-Gibbs-Tammann-Frenkelclassic works.

APPENDIX

The points of the second kind discontinuities (dc)on the experimental (T, t)-curves

Here it is represented the original universal experimental curve (Tqc, pdac) Obtained by us for water solutions
of NaCl, Ci2H2,011and other matters (Fig. 5). The extremums of the curve (d?T/dt?, T) on Fig. 4 accordance
to these points (Tqc).
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Fig. 5. The universal experimental curve of dependence of the temperature,
T, of the second kind of discontinuity in time, to the concentration, p, of any
matter water solution. (0) p = 1. 0 g/cm?, (1) p = 1. 04 g/cm3(2) p = 1.08 g/cm?®,
(3) p=1. 13 g/lcm?, (4)p = 1. 18 g/cm3,(5) p = 1.23 g/cm?,(6) p = 1.29 g/cm?,
(7) p=1.35g/cm?, (8) p = 1.41 g/lcm3, (9) p = 1.47 g/cm?.The intensity of
heating of solution q = 47 J/s

Fig. 6 shows the original universal experimental curve (tu, pdc)-time-density dependence obtained by
us both for the water solutions represented on Fig. 5 (e) and the natural waters of Georgia by means of the
bubble-boiling points (x).
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Fig. 6. The universal experimental curve of dependence of the temperature,

T, of the second kind of discontinuity in time, to the concentration, p, of any
matter water solution. The dark circle points (e) correspond to above mentioned
artificial solutions with densities: (0) p = 1. 0 g/cm?, (1) pp = 1. 04 g/cm?®,

(2) p=1.08 g/lcm?,(3) p = 1. 13 g/cm?, (4) p = 1. 18 g/cm?,(5) p = 1.23 g/cm?,

(6) p=1.27 and 1.29 g/cm?, (7) p = 1.35 g/cm?, (8) p = 1.41 g/cm?, (9) p = 1.47 g/cm?.
The points (x)correspond to natural waters of Georgia with densities: (0) p =
1.0 g/cmd(t. Tsalka), (1) p = 1. 02 g/lcm®(Black Sea, near t. Anaklia), (2) p = 1.07
g/cm3(sulfuric waters of Lisi Lake),(3) p= 1. 08 g/cm? (sulfuric waters of the old
Thilisi bathe house). (4) The intensity of heating of solution q = 47 J/s.
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The curves of Fig. 5 and Fig. 6 having similar behavior show high influence of the density of the
solution on the beginning of its bubble-boiling regime during the process of heating. Therefore, between Tgc
and tqc exists linear low (result of joint action of the processes of temperature conductivity, thermals and
vapour bubbles mixing convective motion). Therefore, for q = const. we can write that (dT/ dp)ac = const.,
(dp/ dt)¢c = const., and (dS/ dT)q = const.
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I'eomerpuyeckunit GpopmMaau3mM TePMOAUHAMMKH: B KOHTEKCTE
MY3bIPbKOBOI0 KUIIEHHUS *KUIKOCTH U CTEKJI000Pa3HOr0 COCTOSIHUS
BelecTBA

A.N. I'Bestecnann
Pe3rome

MogenupoBaHue BepTHKAaJbHONH KOHBEKUMH B €CTECTBEHHBIX YCIOBHSAX OpPUTHHAIBHBIM METOJOM
ny3bippkoBoro kunenus: (I[1I[IM) skuakoct, pa3paboTaHHBIM aBTOPOM, IMO3BOJMIIO 3KCIEPHUMEHTAIBHO
HCCIIEI0BATh IIOBEJCHHE TEPMOIAMHAMHUYECKONW CHCTEMbl (00pa3LoB MPHUPOIAHBIX BOX U HCKYCCTBEHHBIX
BOJIHBIX PAacTBOPOB) B TEUEHHE MpoOLlecca MX HAarpeBa N0 MHTEHCUBHOI'O KPYITHOIMY3BIPHKOBOI'O KHWIICHUSI.
Jiasi  TOYHOrO  YCTaHOBJIEHMST MOMEHTOB HACTYIUICHHS  MHKPO-HUMaKpO-MacIiTabHOrO  PEXHUMOB
MY3bIPEKOBOIO KHUIIEHUS! KUAKOCTH OBUTM MOCTPOCHBI M MPOAHAIN3UPOBAHBI IKCIIEPUMEHTAIbHbBIE KPUBBIC
3aBucumocrteit: (T, t) — Temneparypa-Bpems, (dT/dt, T) — ckopocTs HapacTaHHATEMIICpaTypbi- TEMIIEpaTypa,
(d?T/dt?, T) - yckopeHMe HapacTaHHs TeMIEpaTyphl-TeMIeparypa. I10CTpoeHHe JBYX MOCIEIHUX KPHBBIX
ObLIO 00YCTIOBIIEHO HATMYHEM Pa3pbIBOB HeMpephIBHOCTH BTOporo pofa B (T, t)- kpuBbIX (06€3 mpuBIedeHUS
sutponuu (S) U BBeAEHHON Hamu “riceBaodHTpornuu” (X), riae Temneparypa 6panack B °C). Jlas To4HOrO
YCTAHOBJICHHSI MOMEHTOB HACTYIUIEHHS] MHUKPO- MMAaKpO-MacCIITaOHOTO PEKUMOB IY3bIPHKOBOIO KHIICHUS
JKUJKOCTU OBUIM TOCTPOEHBI KpHMBBIE 3aBUCHMMOCTH ckopoctu (dT/dt, T) m yckopenms (d?T/dt?, T)
HapacTaHus TeMmrepaTypsl oT Temneparypsl, T. B pesynsrare npu 40 °C u 80 °C Touku nepernba xpusoii
(dT/dt, T) mposiBUIKCH, KaK W CIIEAOBAIO OKHAaTh, B BUJE SIPKO BBIPAKEHHBIX MaKCHMYMOB Ha KPHUBOM
(d?T/dt?, T). Makcumymer x expusbix (d*T/dt*, T) Belpaxkens! 3HaunTensHO caabee). Takum oOpasoM, s
TOYHOTO YCTaHOBJICHHSI MOMEHTOB Haualla MHUKPO-MMaKpPO-MacIITAOHOTO PEKUMOB MY3bIPHKOBOTO KUIICHUS
XKHUJKOCTH BIIOJHE JOCTATOYHO BHUMATENBHO (PMKCHPOBATH BO BPEMEHH POCT TEMIIEPaTyphl HCCIelyeMOn
XKHUIKOCTH, He Ipuberas K MOMOIIM TPYNOEMKOH CKOpPOCTHOM KHHOCBHEMKHU. [lokasaHo momoOue mexmy
nocTpoeHHbIMU guarpammamu (T, t) [Uis JKHUIKUX pacTBOPOB M COOTBETCTBYIOIIMMH JHArpaMMaMH
CTEKJIOOOPAa3HOTO COCTOSIHUSL BemlecTBa Tammana. JlenaeTcs NONBITKA YCTaHOBHUTH CBSI3b  MEXKIY
reoMeTpuyeckoil ¢Gopmynoil Ditepa n TepMomuHaMuuecko Qopmynoi ['m66ca. TammanH npumén K
TETpadipy, paccMaTpuBas  YeThIPpEXKOMIIOHEHTHyro cuctemy (0 = 4). Tlo-Bumumomy, s
MHOTOKOMITOHEHTBIX cucteMm (N = 4, 5 , ..) METOIOM, YCIOBHO Ha3bIBas €ro mMertojgoMm Oiinepa-I' nbbca-
Tammana MoxHO Oyner HOpuUATH K KyOy, OKTa’Apy M IIp. MHOTOIPaHHHKaM, COOTBETCTBEHHO (Tema
cieaytomieii  paborel). 3aMedyeHHas ~— aHAJNOTHs  MEXIY  TEPMOAMHAMHYECKHMH  JTHarpaMMaMmH
CTEKJIOOOPAa3HOTO COCTOSHUS KPHUCTAJUIOB M IMY3bIPHKOBOI'O KHIIEHHS >KUAKOCTEH OOyCIIOBJIEHAa TEM, 4YTO
CTEKJIO TaKXe TeKy4e, KaK M JKHUIKOCTh, T.e. “CTEKIO ecTh *uakocTh” (TammanH) (mpumep, sSpKO
MOATBEPXKIAMONIMNA KUHETHUSCKYIO TEOpHI0 JkuakoctH @Dpenkens). MoXHO mpeamnonaratb, 4To Hes
KHHETUYECKOH TEOpHUH JKUAKOCTH Oblia “mojcka3aHa” DpeHKenro TaMMaHOBCKHM CTEKIOOOpPa3HBIM
COCTOSIHMEM KpHCTalljia, Kak BO3MOKHO 3iJIepOBCKasi popMyJia O MHOTOIPAaHHHUKAX ITOCIYXHJIa CBOETO poja
“Hatypol” sl TepMoJuHaMHUuYeckoi ¢opmynsl ['mOOca O paBHOBECHOM COCTOSHUM (a3 XHMHYECKU-
OJHOPOIHOTO BEILECTBA.
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