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ABSTRACT

The thermodynamic functions of alloy formation and evaporation were considered for two
particular systems — Sb — Sb,Ses and Sh,Ses — Se in connection with the presence of congruently
melting compound SbzSes in the antimony—selenium system. The calculations are based on the
partial vapor pressure values of the components forming the particular systems. The
thermodynamic activity of antimony selenide and selenium as the most volatile components in
the systems was calculated based on the saturated vapor pressure values of antimony selenide
over the Sb — Sh,Ses and selenium melts over Sh,Ses — Se liquid alloys determined by the boiling
point method (isothermal variant). Similar functions of the low volatile components in the above
systems: Sb in the first system and Sb.Ses in the latter one was calculated by numerical
integration of the Gibbs—Duhem equation using the substitution proposed by Darken. The
partial pressures of antimony selenide and antimony over Sb — Sb,Ses and Sb.Sesz — Se melts were
approximated by temperature—concentration relationships. The system is distinguished with a
positive deviation from ideality due to the presence of a delamination region in the first system.
The partial and integral entropies and enthalpies of the formation of liquid alloys were calculated
based on the values of component activities found as the ratio of the partial vapor pressure of an
element or compound above the solution to the saturated vapor pressure of a pure element or
compound. The partial and integral functions of alloy formation are presented in the form of
graphical dependences on the selenium amount in the melt. The obtained thermodynamic
constants will replenish the physical and chemical data base and will be used to calculate the
boundaries of the vapor— liquid equilibrium fields on the diagram of state, allowing to
determine the possibility and completeness of distillation separation of molten systems.
Keywords: Lead, tin, alloy, vapor pressure, thermodynamics, formation, mixing, evaporation,
partial and integral quantities, entropy, enthalpy.
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Introduction isomorphous substituting sulfur in sulfides,
contributed to the emergence of a sufficiently large
The development of vacuum — the thermal number of thermodynamic studies devoted to the

method intended to process polymetallic matte
from lead and antimony smelters where this matte
is based on copper (Cu,S) and iron (FeS) sulfides
and contains rare elements — cadmium, antimony,
arsenic, indium, as well as selenium and tellurium

study of chalcogenides, including those of rare
metals. One of them is antimony with the content
that varies within 1% in lead production matte, and
reaches several percent in antimony production
matte.
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Polymetallic matte — chalcogenide alloys as an
intermediate product are produced during
pyrometallurgical processing of sulfide
concentrates at copper, lead, and antimony
smelters. Copper (Cu,S) and iron (FeS) sulfides form
the basis of polymetallic matte from copper and
lead smelters. Rare elements — cadmium,
antimony, arsenic, indium, and others in the form
of sulfides as well as selenium and tellurium,
isomorphically replacing sulfur in sulfides are
present in the matte besides the main components.
Production and processing technologies for
polymetallic matte are well enough studied and
developed. However, works on their improvement
are still underway due to the involvement in
processing of new types of raw materials, including
those poor in the main component [[1], [2], [3], [4],
(5], [6], (71, [8], [9], [10], [11]].

Physical and chemical studies of liquid alloys of
the antimony—selenium system were performed
by a number of researchers. The authors [12]
measured the kinematic viscosity and density of
melts in the range of compositions 40 mol. % Sb,Ses
+ 60 atm. % Se —20 mol. % Sb,Ses; + 80 atm. % Sb
from melting temperature to 1100 — 1200 °C.

In [13], the crystallization kinetics for glassy
alloys of Seig—xSbx (2<x<10), was studied by
differential scanning calorimetry at different
heating rates, the activation energy of the
crystallization process, order parameter, rate
constant, frequency factor was determined, and it
was found that chalcogenide glasses had lower
thermal stability while having a higher
crystallization rate.

The antimony sesquiselenide behavior during
vacuum sublimation was studied by the authors of
[14] where the congruent nature of evaporation
was noted.

The predominant presence of Sb, Se molecules,
half the amount of Sb,Se;, three times the amount
of Sb,Se; and further, on a downward spiral SbhsSe,
SbsSes, ShaiSes, SbsSes, SbsSe;, Se;, Sba.Ses and very
low amount of Sb,Ses were found with mass
spectrometric determination of the vapor
composition over Sh,Se; [[15], [16]].

The antimony sesquiselenide vapor pressure
was determined using radioisotopes within 491—
687 K (218— 414 °C) in studies [[17], and [18]]. The
temperature dependence of the vapor pressure
corresponded to the expression:

Ig p [mmHg] = 8,7906 — 6432,3-T" 1,

The vapor pressure over liquid antimony
selenide within 550—868 °C (823—1201 K) was
determined with the static method with the use of
a quartz membrane manometer in the study [19].
The results of the determinations are described
with the equation:

lg p [mmHg] = (8.4130+0.0328) — (7,220.4 +
250) T 1,

Later, the authors determined vapor pressures
and activities of selenium and antimony at 994 K
(721 °C) within 60—100 at. % Selenium and
hypothetically propagated it to the whole
concentration interval [[20], [21]].

Some researchers performed thermodynamic
studies to determine the heat capacity and mixing
functions of liquid alloys in the antimony—salenium
system [[22], [23], [24]].

The thermodynamics of Sb.,Se; was modeled
and used in calculations of the antimony—selenium
phase diagram together with the thermodynamic
properties of the liquid phase obtained based on
the associative model [25]. The calculated phase
equilibrium lines coincided well with the
experimental data.

It should be emphasized in the publications
analyzed that the data on evaporation
thermodynamics are insufficient, and the results of
experimental determinations and calculations are
inconsistent despite the presence of a sufficiently
large number of works devoted to the study of
antimony and selenium melts. So, in [[20], [21], and
[25]] thermodynamic activity of selenium was
found and calculated for a temperature of 994 K
(721 °C) which is higher than the boiling point of
solutions of this composition. Thermodynamic
constants were not calculated.

Therefore, the authors performed studies
aimed to obtain thermodynamic functions for the
formation and evaporation of antimony—selenium
alloys based on partial pressure values of the
components constituting the system.

Experimental part

Antimony and selenium alloys with the
contents of 14.82, 26.35, 35.27, 47.51, 60.00,
68.96, 75.37, 83.38, 91.30 at. % (10.14, 18.83,
26.11, 36.99, 49.31, 59.03, 66.49, 76.49, 87.19 %)
Se, and the rest — antimony, was taken as the
study object. The alloys were prepared by alloying
the metals in evacuated quartz ampoules with

—— |4 ——
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heating at 100 °C above the liquidus temperature,
holding for 12 hours at this temperature with
shaking stirring, followed by quenching in water.
Selenium with content of 99.99 wt. % and antimony
— 99.99 wt. % of the main elements were used for
the preparation of alloys.

The activity value defined as the ratio of the
partial pressure of the component above the
solution to the saturated vapor pressure above the
elemental metal was taken as the basis to find the
partial thermodynamic mixing functions:

aizﬁi/pi0

, Where 4 is thermodynamic activity;

P; is the partial vapor pressure of i— component;
0
i _ saturated vapor pressure of the same

component over the elemental metal.

The boiling point method (isothermal variant)
detailed earlier was used to determine the
saturated vapor pressure value [[26], [27]]. It is
based on a significant increase in the evaporation
rate at the equality of the external pressure and the
saturated vapor pressure of the substance under
study when the pressure above the melt decreases
at a given temperature. The only congruently
melting compound — Sb,;S; is present in the
antimony—selenium system [28]. In this regard, the
Sb — Se system was considered as two particular
ones: Sb — Sb,Ses and Sh,Se; — Se. Due to the fact
that the vapor pressure of antimony selenide at its
melting temperature of 890 K (617 °C) determined
with the membrane manometer method according
to [29] is 40+60 times higher than the pressure of
elemental antimony [30], and the vapor pressure of
elemental selenium [30] at the specified
temperature is 200+300 times higher than the
vapor pressure of antimony sesquiselenide, it was
considered that the total vapor pressure
determined by the boiling point method in the Sb —
Sb,Ses system corresponds to the saturated vapor
pressure of antimony selenide in the Sh,Se; — Se
system. Argon was used as a volume— filler gas in
the boiling point method.

The partial free energy of alloy formation was

calculated as AG,"* =—RT In a,; partial enthalpy
of mixing: (GAGWX/@T )P =—AS™; partial
enthalpy: AH™ = AG,™ +T -AS™ . Hereinafter,
AG,™, AS™ AH™* — partial free energy, partial

entropy, and partial enthalpy of mixing of i—
component, respectively. Hereinafter T s
temperature, K.

Integral mixing functions are calculated as the
number of fractions of partial values.

The activity of the second component in the
melt (on the example of the Sb — Sh,Ses system)

was found from the expression Asp = Vsb " Xsb the

tin activity coefficient (7/5") — by numerical
integration of the Gibbs — Duhem equation with
the use of the auxiliary function proposed by
Darken [[31], [32]]:

Inyse'XSe'XSb+J'XSe Inye,

Iny,, = N 7se
b
s X2 =0 (1-Xg,)?

The partial free energy of evaporation was
determined from the partial pressure values the for
saturated vapor of the melt components

AG® =—RT In p,[atm], and

enthalpies
formation.

The temperature dependences of activity and
partial vapor pressure of volatile components for
each of the compositions in each particular system
were described by Arrhenius—type equations.

entropies and

were similar to those for alloy

Further, the temperature—concentration
dependence of activity Ina; =1(x,T) and vapor
Inp; = f(x.,T)

pressure was obtained
approximating the dependence of the coefficients
in the equations on the concentration of volatile
components in the alloy. Similarly calculated
dependences were obtained for the activity and
partial vapor pressure of less volatile components
of the alloys.

The error in determination of the
thermodynamic constants is assumed to be equal
to the error in determination of lead saturated
vapor pressure values as the number of errors of
independent measurements, %: temperature — 1;
weighing — 0.1; pressure 0.5; approximation of
experimental data for the system Sb — Sh.,Se;—
3.88, equal to 5.48; in the system — Sh.Ses; — Se,
the approximation error is 3.12 and overall, 4.72.

Results and their discussion

The coefficients of the equations of
dependence of saturated vapor pressure of
antimony selenide and selenium on temperature
for each of the alloy compositions are specified in
Table 1.
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Table 1 - Coefficients of the equation of dependence of
lead partial vapor pressure on temperature

Content A
of selenium in the In Py, s, [Pa] = T +B
alloy:

atm. % wt. % A B
14.82 10.14 — 14.989 21.887
26.35 18.83 — 15.883 22.926
35.27 26.11 — 16.434 23.490
47.51 36.99 — 16.868 23.972
60.00 49.31 —17.010 24.264
In ps.[Pa]= A +B

T

68.96 59.03 —11.771 23.051
75.37 66.49 — 11.869 23.578
83.38 76.49 — 12.063 23.949
91.30 87.19 — 12.286 24.341
100 100 — 12.509 24.763

The partial pressure of saturated vapor of
antimony selenide in the Sb — Sbh,Ses partial system
is represented by the expression:

In P, 5., [Pa]l= (—6358x;‘b25e3 +16234x§b2593 -

—10839x4, 6, —19905,, —14057)-T " +
+0379%q,, +22,864 +1n xg o,

XSbZSe3 _

where mole fraction of antimony

0<x <1
selenide in the melt equal to: SbSe; =

The partial vapor pressure of antimony in this
system corresponds to equation:

In pg, = (—6358 ng +17675 Xg’b —14082 stb +

+ 968X, —14958 —3981In X, ) - T +

+4,961%, —14,5x3, +13,735%x2, —

—4,2x,, + 20,312 +1,384 In X,
. X .
Hereinafter Sb — the mole fraction of
antimony.
The activities of antimony
antimony are equal, respectively:

In ag, o, [Pa] = (—-6358xg, 5, +16234x5,5, —

_ 10839X52b2593 -1990g, ¢, +2953) Tl
+4,961ng23% _111959xgb25% +8’019X§b25% +
+0,379 X550, —14+ In Xsb,se,

In ag, = (—6358 X, +17675 xg, —14082 x5, +

+968Xg, +1797 39810 Xg,) - T +

selenide and

+4,961%, —14,5x3, +0,004 +13,735x,

The partial pressures of selenium and antimony
selenide are approximated by the following
relationships in the Sb,Se;—Se particular system:

In Py, = (1042 x3, — 2226 X;, + 446 X, —
~11771) - T - 0,583xg, +2,132x¢, —
1389, + 24,803 +In Xse,  where:

mole fraction of selenium in the melt equal to:
0<Xs, <1

XSe —

I Py 5o, [Pa] = (~1042C, ¢, +2463¢ ¢, —
-920

hse, —17511-880IN xgy ¢, )T +

+0,583x¢, 5, — 04915 s,

+25,864 +1,926 In g .

—1692Xg, ¢, +

In the Sb,Ses; — Se particular system the
activities are equal to, respectively:

In ag, = (1042 X3, — 2226 xZ, + 446 X, +
+738)-T*—0,583x%S, +2,132x%3, —
—-1,589x, +0,04 + In X,

IN dgy s, [Pa] = (~1042X, ¢, +2463¢, ¢, —
~920y, ., —501-880I Xg, )T +

+0,583x, ¢, —0,491x

e, ~1692%gy 00 +
+1,6+1,926 I Xgy s,

The integral entropy of mixing in the
antimony—selenium system differs from the ideal
system in magnitude in both particular systems. It
indicates the positive value of excess functions.

It can be seen from the analysis of the
dependencies (Figures 1, 2) that the integral mixing
functions of alloys in the antimony — selenide
antimony system have a positive maximum — the
formation of alloys is accompanied by an increase
in disorder in the system and goes with heat
absorption.

The extremum of the integral entropy of mixing
reaches the value of 9.18 + 0.50 J/ (mol-K), enthalpy
of mixing — 7.19 £ 0.39 kJ/mol. The integral
enthalpy of mixing of antimony and its selenide has
a noticeable positive value (3.03 + 0.14 J/mol) with
a shift of the extremum to the selenium edge of the
state diagram, which indicates the absence of
interaction of particles in the liquid bath.

The formation of liquid alloysin the Se — Sb
system is accompanied with an increase in disorder
in the system.
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Figure 1 - Integral (1, 5) and partial (2— 4) entropies of
mixing of the components of antimony—selenium melts.

The enthalpy of mixing is positive in the whole
range of melt concentrations; hence, the formation
of solutions proceeds with heat absorption — the
reaction is endothermic.

The values of thermodynamic functions of
evaporation of antimony— selenium system melts
are summarized in Tables 2 and 3.
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2 — selenium; 3 — aluminum selenide;
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Figure 2 - Integral (1) and partial (2— 4) enthalpies
of mixing of components of antimony— selenium melts

The integral function of the vaporization
enthalpy in the antimony— selenide system has a
slight minimum at 30 at. % selenium and is 133.18 +
7.30 ki/mol. The vaporization entropy of Sb,Ses is
equal to 105.93 +5.12 J/ (mol-K).

Thus, obtained values of saturated vapor
pressure and thermodynamic constants are used to
construct a complete state diagram including the
fields of melt and vapor coexistence at atmospheric
pressure and in vacuum.

Table 2 - Variation of partial and integral entropies of vaporization of Sb— Se system

Alloy composiion ASP, ASgs. ASg”, ASgls.,
< % J/(mol-K) J/(mol-K) J/(mol-K) J/(mol-K)

0 100 — — 73.02 +4.00 73.02 +4.00
10 90 — 81.32 +4.46 71.28 +3.91 72.95 + 4.00
20 80 — 90.42 +4.95 68.28 +3.74 75.66 +4.15
30 70 — 96.90 + 5.31 63.67 + 3.49 80.28 + 4.40
40 60 — 101.32 +5.55 57.50 + 3.15 86.71+4.75
50 50 — 104.03 +5.70 49.25 +2.70 94.90 + 5.20
60 40 — 105.93 +5.12 — 105.93 +5.12
70 30 96.59 + 4.56 113.02 +5.33 — 108.92 +5.14
80 20 101.85 + 4.81 122.86 + 5.80 — 112.36 +5.30
90 10 106.02 + 5.00 137.71+6.50 — 113.94 +5.38
100 0 110.06 +5.19 — — 110.06 + 5.19
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Table 3 - Variation of partial and integral enthalpies of vaporization of Sb— Se system

e R O O
= @ kJ/mol kJ/mol kJ/mol ki/mol

0 100 — — 139.31+7.63 139.31+7.63
10 90 — 121.52 + 6.66 138.81+7.61 135.93+7.45
20 80 — 128.06 + 7.62 136.59+7.49 133.75+7.33
30 70 — 134.11+7.35 132.25+7.23 133.18+7.30
40 60 — 138.41 +7.58 126.26 £ 6.92 13436+ 7.36
50 50 — 140.63+7.71 119.71 £ 6.56 137.15+7.52
60 40 — 141.43 + 6.68 — 141.42 + 6.68
70 30 97.96 £ 4.62 141.36 £ 6.67 — 130.51+6.16
80 20 99.56 £4.70 140.31 +6.62 — 119.93 +5.66
90 10 101.84 +4.81 136.22 +6.43 — 110.44 £5.21
100 0 104.00 +4.91 — — 104.00 +4.91

Conclusions thermodynamic activity for components and partial

When the studies were conducted by the
boiling point method, the values of saturated vapor
pressure of antimony selenide and selenium in the

Sb — Sb,Ses and Sb,Se;— Se partial systems were
determined, and the partial pressures of antimony
and antimony sulfide were found by numerical

values of vapor pressure. It enabled to add these
data to the base of physical and chemical
properties of antimony—selenium system.
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CypbMa XaHe ceflieH KOopbITnanapblHbIH Ty3iny XaHe 6ynaHy TepMoAMHaMUKACDI

BonoguH B.H., Tpebyxos C.A., HuueHko A.B., "/iunnuk K.A., Tyneytaii ®.X.

«Memansnypaus #aHe KeH b6alieimy uHcmumymei» AK, Camb6aes yHusepcumemi, Anmamel, KazakcmaH

Makana kengi: 7 koipkyliek 2023
CapantamagaH eTTi: 1 kazaH 2023

KabbingaHapl: 23 KazaH 2023

TYAIHAEME

EKi HaKTbl Xyle ywiH — Sb-SbhaSes saHe SbhySe-Se, Cypbma-ceneH xyieciHae SbaSes KOHrpyeHTTi
6anKbITy KOCbIIbICBIHBIH, 60/ybIHa 6alNaHbICTBI  KOPbITNAHbIH,  Ty3iNyi MeH 6ynaHybiHbIH,
TepMoAMHaMUKanbiK GyHKLMANAPbI KapacTbipblaabl. Ecenteynep HaKTbl XKyhenepai KypanTbiH
KOMMOHEHTTEPAjH iWiHapa By KbICbIMbIHbIH MaHAepiHe HerizgenreH. Kyienepaeri eH, yLWKbIwW
KOMMOHEHTTEP peTiHAe CypbMa CeNeHUAi MeH CeneHHiH, TepMoAMHaMWKanblk BGenceHainiri
KaiiHay TemnepaTypachl a4iciMeH (M30TepMUANbIK HYCKA) aHblKTanaTbiH Sh-Sh,Ses aHe ShoSes -
Se cyiblK KopbiTnanapbl 6oWblHWA ceneH 6GankpiManapbl YCTiHAErN CcypbMa CeneHWAiHiH
KaHbIKKaH By KbICbIMbIHbIH, MaHAepi Heri3iHae ecenTenai. *ofapblaa aTanfaH Kyenepgeri as
YWKBILL KOMMOHEHTTEPAIH, YKcac dyHKumMsanapbl: BipiHWi Kyheae Sb kaHe coHfbicbiHAa ShaSes
[apKeH yCblHFaH anmMacTblpyAbl NaganaHbin MM66c-Aloxem TeHAeyiH CaHAbIK WHTerpangay
apKkbiibl ecentengi. Sb-SbaSes kaHe Sb;Ses-Se 6ankbimanapblHAaFbl Cypbma CeneHuai MeH
CypbMaHblH, napumangbl  KbICbIMAAPbl TeMnepaTypa-KOHLUEHTPAUMA  KaTblHaCbl  apKbl/ibl
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KybIKTanabl. BipiHWi Xylie AenaMmmHauma aliMasbiHbiH, 60nybiHa 6alinaHbICTbl naeanaplabiKTaH
OH aybITKybiMeH epeKleneHeai. CyWblK KopbITnanapablH, Ty3inyiHiH, napuuangpl KaHe
MHTErpanablK SHTPONUANAPbI MEH SHTANbMUANAPLI 3NIEMEHTTIH, HEMECce KOCbIIbICTbIH, epiTiHAI
ycTiHgeri napumangpl 6y KbICbIMbIHbIH, Ta3a 3/1EMEHTTIH, HemMece KOCbINbICTbIH, KaHbIKKaH by
KbICbIMbIHA KaTblHacbl peTiHAe TabbinfaH Kypamaac benceHainik MaHaepi HerisiHae ecenTensi.
KopbiTna Ty3inyiHiH, napuuangpl aHe UHTerpanablk QGyHKUMANapbl bankbimadarbl ceneH
menwepiHe rpaduKanbik Tayenainikrep TypiHae OepinreH. AnbiHFAH TepMOAMHAMMKANbIK,
KOHCTaHTanap ¢u3nKa-xMMUANbIK AepekTepaiH 6asacblH TONbIKTbIPaAbl KaHe BanKbiTbiNFaH
Kynenepaid, pekTuduKaumanbik, 6eaiHy MyMKIHAIMH KaHE TONbIKTbIFbIH aHbIKTayFa MYMKIHAIK
6epeTiH ¢asanbik Auarpammagarbl  Oy-CyMbIKTbIK Tene-TeHAIK epicTepiHiH, LWeKapanapbiH
ecenTey YWiH NaganaHbinagpl.

TyiiiH ce3dep: KopfacbiH, Kanaibl, KOpbITNa, By KbICbIMbl, TEPMOAMHAMMKA, Ty3iny, apanacy,
6ynaHy, Nnapumanibl XKaHe MHTerpanablK Wamanap, SHTPONWA, SHTANbMMUA.
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AHHOTALMUA

PaccmoTpeHbl TepmoauvHamuyeckme ¢yHKUMKM o6pa3oBaHMs M UCMApeHus chniasa Aana AByx
YaCcTHbIX cucTem — Sb—SbySes u Sh;Ses—Se B €BA3M C Ha/NMUMEM KOHTPYIHTHO MNNABALLErOcA
coeguHeHun Sh,Ses B crcteme cypbMa—ceneH. PacyeTbl OCHOBaHbI Ha 3HAYeHUAX NapLManbHOro
[aBNeHNA NapoB KOMMOHEHTOB, 06pasylolMX KOHKPETHble CUCTEMbI. TepMOAMHAMMYECKYHD
aKTMBHOCTb Ce/fleHMAa CypbMbl W CeNeHa Kak Haubonee NETYYMX KOMMOHEHTOB B CUCTEMax
paccYnTbIBaNIM MO 3HAYEHUAM AABNEHUA HACbIWEHHbIX NMapoB CefeHnaa CYpbMbl HAZ KUAKUMU
cnnaBamu Sb—ShaSes u ceneHa Hag Xuakumu cnnasamu SbhaSes—Se, onpeseneHHbIMU MeToA0M
TEMNEPATYPbl KUNEHWUA (M30TepmuyecKan BapWaHT). AHaNOrMyHble GYHKLUM  ManoNeTyumnx
KOMMOHEHTOB B YyKa3aHHbIX Bbille cuctemax: Sb B nepsoit cucteme u Sb,Ses Bo BTOpOI GblAn
paccynTaHbl YNCNEHHbIM MHTErpupoBaHMemM ypaBHeHua MMb6ca—/[lorema ¢ MCNONb30BAHMEM
3ameHbl, npeanoxkeHHon [apkeHom. MapumanbHblie AaBaeHUA ceneHnaa CypbMbl U CYypbMbl Hag,
pacnnasamu Sb—Sb,Ses n Sh,Ses—Se annpoKcMMMpoOBaAHbI 3aBUCMMOCTbIO TemnepaTypa—
KOHUEHTpauma. C1UcTema OT/IMYAETCA MNONOMKUTENbHbIM OTKJIOHEHMEM OT WAEaNbHOCTU U3-3a
Hannuusa B NepBoW cucTeme 06,1acTu paccnoeHus. MNapumnanbHble ¥ UHTErpPaibHbIE SHTPOMWUKU U
9HTaNbNUN 06Pa30BaAHMA KUAKUX CMNABOB PAcCYMTbiBaZM Ha OCHOBE 3HAYEHWM aKTUBHOCTEMN
KOMMOHEHTOB, HalAEHHbIX KaK OTHOLIeHWEe NapuMasbHOrO OABAEHUA Mapa 3/emeHTa Uau
COegMHEeHWA Hag, pacTBOPOM K [OaBJEHWMI0 HACbIWEHHOro napa YMCTOro 3/eMeHTa WU
coeguHeHuA. YacTHble M UHTerpanbHble GyHKUMKM cniaBoobpasoBaHMA NpeacTaBneHbl B BUAE
rpaduyeckmx  3aBUCMMOCTEM  OT  KoaudecTBa cefeHa B pacnnase.  [losyyeHHble
TEPMOAMHAMMYECKME KOHCTaHTbl MOMOMHAT 633y (GU3MKO-XMMMYECKMX [aHHbIX U ByayT
MCNO/Ib30BaHbl ANA pacyeTa rpaHuL, Moseil NapoXKUAKOCTHOrO PaBHOBECUA Ha Auarpamme
COCTOAIHUA, MNO3BO/AIOLWMX OMNPeAe/IUTb BO3MOMHOCTb W MOAHOTY PEeKTUPUKALMOHHOrO
paszeneHua pacniaBieHHbIX CUCTEM.
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