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DEPENDENCES OF pH IN AQUEOUS NaCl
SOLUTIONS WITH DISSOLVED ATMOSPHERIC CO,

1. Introduction

Temporal variations in the temperature and concentration dependences of the acid-base bal-
ance (pH) in dilute aqueous sodium chloride (NaCl) solutions contacting with atmospheric
carbon diozide (CO2) have been studied. The measurements are carried out for the inverse
ion concentrations corresponding to 180, 215, 270, and 360 water molecules per sodium or
chlorine ion and in a temperature interval of 294-328 K. The pH relazation times in aque-
ous NaCl solutions with dissolved atmospheric COz and the corresponding temperature and
salt-concentration dependences are calculated. For aqueous salt solutions characterized by a
temperature and an irreducible pH component, a principle for selecting the optimal states is
formulated: optimal are those values that provide the minimum pH relaxation time. On this
basis, the temperature interval of human activity is determined to extend from (30+ 2) °C to
42 °C.

Keywords: aqueous solution, sodium chloride, acid-base balance, carbon dioxide, relaxa-
tion time.

effects under the influence of salt ions, decrease the

This work is devoted to the study of temporal vari-
ations in the temperature and concentration depen-
dences of the acid-base balance (pH) in dilute aque-
ous solutions of sodium chloride (NaCl), when atmo-
spheric carbon dioxide (COs) is dissolved in them.
The mechanism of pH formation in aqueous so-
lutions is governed by the dissociation of water
molecules occurring both as a result of their colli-
sion and under the influence of local electric fields
created by the ions of dissolved salts [1]. The local
electric fields, which arise as a result of polarization
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dissociation energy of water molecules. Therefore, the
available energy of their thermal motion is enough for
a substantial number of water molecules to dissoci-
ate. As a result, the concentration of hydrogen ions
increases, which reduces the pH of the aqueous salt
solution.

How does the presence of sodium chloride affect
the acid-base balance in water contacting with atmo-
spheric air? Theoretical calculations that were car-
ried out in works [2, 3] showed an insignificant (by
approximately 0.01) pH decrease in the aqueous solu-
tions of sodium chloride saturated with carbon diox-
ide in comparison with pure water. The cited au-
thors considered factors that, in the authors’ opinion,
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should together partially compensate the salt effects
on the pH in the aqueous solution of sodium chloride;
namely, the presence of the salt reduces the solubility
of carbon dioxide and the effective concentration of
hydrogen ions, but enhances the dissociation of car-
bonic acid in the solution. As a result, a conclusion
was drawn that the addition of salt has almost no ef-
fect on the pH value. However, it was proved in exper-
imental works [4,5] that the acid-base balance value in
aqueous sodium chloride solutions saturated with car-
bon dioxide considerably decreases with the growth of
the NaCl concentration, if the temperature and the
partial pressure of COy remain constant. Such an in-
consistency between the results of theoretical calcu-
lations and experimental data stimulates more thor-
ough systematic experimental studies and exhaustive
theoretical justifications.

This work was aimed at studying the peculiarities
in the temporal evolution of non-equilibrium solution
states corresponding to the establishment of equi-
librium concentration values of atmospheric carbon
dioxide in aqueous salt solutions contacting with the
atmosphere, and finding a principle of selecting those
equilibrium states that are consistent with the normal
mode of human life.

2. Experimental Part

In the experiments, as-prepared distilled water of
purity class II according to DSTU ISO 3696:2003
was used. It was produced by means of the Adrona
Crystal EX Double Flow water purification sys-
tem (Adrona SIA, Latvia). The 0.9 wt.% aqueous
NaCl solution for infusions (saline) of pharmaceu-
tical quality (Darnytsia, Ukraine) was used as the
initial solution. The aqueous solutions were pro-
duced gravimetrically with the help of a Radwag
AS 220.R2 balance (Radwag, Poland); the weighing
error did not exceed 0.1 mg. The total relative mea-
surement error of solution components did not exceed
0.05%. Thermostating was provided making use of a
UTU-10 ultra-thermostat (Krakow, Poland) with an
error of 0.1 K.

In what follows, we will use the inverse concentra-
tion of ions in water, which is the ratio between the
number of water molecules N,, and the number of salt
anions or cations Ny in the solution, i.e.,

(=~ (1)

The experimental measurements of the acid-base
balance were carried out in a temperature interval of
294-323 K and for the inverse NaCl concentrations
¢ = 180, 215, 270, and 360.

The solution pH was measured according to [UPAC
recommendations [6, 7] using an AZ Bench Top
Water Quality Meter 86505 device (AZ Instru-
ment Corp., Taiwan) equipped with a temperature-
sensitive probe. The total relative error of pH mea-
surements was 0.5% [8,9]. Before the measurements,
the pH meter was calibrated using reference buffer
solutions with pH = 4.00 and 7.00 at a temperature
of 25.0 °C.

The solutions were prepared at room temperature
via their stirring with the help of a magnetic stir-
rer. Afterward, the specimens were simultaneously
placed into a thermostat for 30 min. Then the first
measurement was started (the elapsed time was reck-
oned from this moment).

In the experiment, the sodium chloride solution was
in contact with atmospheric carbon dioxide via the
free surface of the solution, which was constant and
equal to 8.14 cm? in all measurements. The solutions
had the same volume of 30 cm® and were placed in
identical containers, where the height of the solution
column was 3.7 cm.

3. Results of Experimental
Measurements of the Time
Dependences of the Acid-Base
Balance in Aqueous NaCl Solutions

Some typical time dependences of the acid-base bal-
ance in aqueous NaCl solutions are shown in Fig. 1.
To approximate the obtained data taking the y2-
criterion into account, the following function was
chosen:

pH() = pii(ca) + Aexp (- £, ®

Ts

where the quantity pH(0) = pH(eq) + A is equal to
the initial pH value of the solution, pH(eq) is the
final pH value of the solution (this is the pH value for
the solution that is in equilibrium with atmospheric
carbon dioxide), ¢ is the time interval passed since the
solution was prepared, and 7, is the relaxation time
of the solution pH.

The pH values of the solutions that were in equilib-
rium with atmospheric carbon dioxide, pH(eq), were
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determined under the following conditions: for wa-
ter, the acid-base balance was equal to 7.00 at the
temperature T = 25 °C and to 6.63 at T' = 50 °C
[1,10, 11]; for water in equilibrium with atmospheric
carbon dioxide, pH = 5.63 at T' = 20 °C [2, 12, 13];
and, for the NaCl solution in equilibrium with atmo-
spheric carbon dioxide, pH = 5.61 at T = 20 °C
[2, 3]. In addition, the following assumptions were
made: the difference between the pH of dilute aque-
ous NaCl solutions and the pH of water in equilib-
rium with atmospheric CO; is insignificant, and the
temperature dependences of the pH of dilute NaCl
solutions in equilibrium with atmospheric COs are
similar to that of the pH in water.

From the experimental time dependence of the pH
of sodium chloride solutions, the pH relaxation times
of the solutions were calculated according to expres-
sion (2) and applying the following algorithm. The
values ApH = pH(¢) — pH(eq) and the natural log-
arithms of the inverse values (1/ApH) were calcu-
lated. Then, the dependence In(1/A pH) versus t was
approximated by a straight line C; + Cyt using the
least squares method. The obtained coefficient C5 is
the quantity reciprocal to the relaxation time 74 of
the solution pH.

Then, the pH of aqueous NaCl solutions in equilib-
rium with atmospheric COy can be calculated using
the formula

pH(cq) = a — IT, (3)

where T is the solution temperature in Celsius de-
grees, a = 5.97, and b = 0.015 [1].

The temperature dependences of the pH relaxation
times in aqueous NaCl solutions within the examined
interval of inverse concentrations of dissolved ions are
presented in Table.

4. Universal Behavior
of the Temperature Dependence of the pH
Relaxation Time in Aqueous Solutions

Let us analyze the data quoted in Table and con-
sider the details of the temperature and concentra-
tion dependences of the pH relaxation time, 75(7, (),
for various salt concentrations. Here, we proceed from
the fact that primitive life appeared in the primordial
ocean, which was just an aqueous salt solution, and
the primitive living beings were emerging provided
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Fig. 1. Results of experimental measurements of the tempo-
ral dependences of the acid-base balance in aqueous sodium
chloride solutions with various ion concentrations ¢ = 180 (4),
215 (M), 270 (A), and 360 water molecules per salt ion (e) at
a temperature of 35 °C

the maximum consistency between their properties
and the physical properties of such solutions.

The most general characteristics of living organ-
isms remained almost the same, as they were formed
in the primordial ocean. In our opinion, the most im-
portant of them are the following ones:

¢ the temperature interval in which such organisms
exist;

¢ the optimal temperature for their vital functions;

¢ the interval of pH values or the concentrations
of hydrogen ions arising at the dissociation of water
molecules.

That is why our attention in this research was paid,
first of all, to the values and variation intervals of
the time 7, required for the establishment of equilib-
rium pH values, their dependences on the salt con-
centration, and the pH dependence on ( along every
isotherm.

We emphasize that, in the framework of this ap-
proach, the temperature is taken into account as a
general physical factor, and the pH reflects the in-
fluence of the electric fields of cations and anions of
dissolved salts on the behavior of hydrogen ions, the
most mobile cations in the solution. It should also be
noted that monitoring the pH behavior in the carbon
dioxide solution with available salts is an indicator of
the effect exerted by the latter on the rates of physio-
logical processes, in particular, the transfer of carbon
dioxide and oxygen.
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per salt ion (e)
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To analyze the temperature dependence of the pH
relaxation time in NaCl solutions, let us change to
the dimensionless quantities

- Ts (T, C)

1.0 = MO 5, @
where 74(T, ) is the pH relaxation time in the sodium
chloride solution with the inverse salt concentration
¢ at the temperature T, 7,(T) = lim¢_o0 75(T, C)
is the pH relaxation time in water at the tempera-
ture T, and the constant \(¢) depends on the NaCl
concentration in the solution and takes the values
A(¢) = 5.17, 4.30, 3.26, and 2.57 for the inverse
concentrations ( = 180, 215, 270, and 360 water
molecules per salt ion, respectively.

Figure 2 illustrates the temperature dependences
7(T,¢) of the normalized pH relaxation time in
NaCl solutions with the examined concentration val-
ues. The analysis of this figure testifies that the curves
7(T,() are similar to one another and can be over-
lapped within the calculation error limits for the pH
relaxation time. In our opinion, this fact has to be
of crucial importance for the behavior of biochemical
processes in an organism, because the essence of phys-
iological processes is determined just by the mobility
of hydrogen ions.

By its origin, 7(T,¢) [or 75(T,¢)| reflects the de-
pendence of the solution pH on the concentration of
carbon dioxide in the atmosphere. It should be noted
that the specific properties of atmospheric CO4 are
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not used here. Therefore, we may assume that the
quantity 7(7', ¢) is the relaxation time of an arbitrary
non-equilibrium value of the acid-base balance. This
means that the quantity 7(T,() can serve as a ba-
sis for the description of relaxation processes in the
blood plasma of mammals and humans. As one can
see from Fig. 2, the relaxation process has several
characteristic temperatures:

o7y = 303 K (30 °C), which plays the role of
the lower limit for the existence of warm-blooded
organisms;

e Ty =310 K (36.6 °C), which is the optimal tem-
perature for the vital functions of warm-blooded or-
ganisms (the normal human body temperature);

e T35 = 315 K (42 °C), which is the upper limit
for the existence of human and most warm-blooded
organisms.

Note that the dependence 7, (T") determines the pH
in water. This is the most important primary func-
tion, which affects the properties of all aqueous salt
solutions, and its behavior is governed by the pro-
cesses of thermal motion in water.

The main biochemical reactions that take place
in human and mammalian organisms and provide
their vital functions are coupled with the oxygen
and carbon dioxide transport [14]. Such a transport
would be impossible without the formation of non-
equilibrium states that generate the corresponding
flows of the oxidant and the final products of the re-
actions. It is clear that the intensity of vital activity
would be higher, if the relaxation times of those non-
equilibrium states were shorter. In this regard, we will
consider, as optimal for life, those temperature and
pH values at which the time required for the dissolu-
tion of atmospheric COs5 is minimum.

Note that the minimum pH relaxation times in
NaCl solutions are observed near a temperature of
36.6 °C. Since those minima are observed at all con-
centrations, and the concentration variation does not
result in the shifts of the peaks, we may assert that
the shortest lifetime reflects the specific features of
thermal motion in the water itself. The statement
about the establishment of pH equilibrium within
the shortest time interval, if the temperature is in
the vicinity of 36.6 °C, is in qualitative agreement
with the conclusion made in works [10, 14, 15] that
this temperature is optimal for the functioning of
human and mammalian organisms. The authors of
work [14] explain this feature as follows. On the
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one hand, at 36.6 °C and under the normal pres-
sure, the isobaric heat capacity of water has a mini-
mum, which is the most favorable for heat exchange
in the bodies of mammals. On the other hand, the
rate of oxygen transport by human vessels is maxi-
mum just at the temperature T = 36.6 °C [14]; so,
the conditions are created for the intensity of bio-
chemical processes at the cellular level to be maxi-
mum. The presence of minima for the pH relaxation
time in sodium chloride solutions at the tempera-
ture T = 36.6 °C, which were revealed experimen-
tally, is an extremely important fact for biomedicine
and biophysics, because the rate of physiological
processes is determined exactly by the mobility of
hydrogen ions.

It was found that the optimal temperature for hu-
man vital functions is also determined by a charac-
teristic function for water connected with the dis-
sociation of water molecules. Near the temperature
T = 42 °C, a peculiarity in water properties is ob-
served, which is related to a substantial modification
in the character of the thermal motion of molecules,
namely, the vibrational motion of molecules (similar
to that in crystals) transforms into a continuous ther-
mal drift (similar to that in argon) [15-18]. This con-
clusion was drawn from the analysis of the temper-
ature dependences of the following parameters: the
kinematic viscosity of water [19], the time of the set-
tled life of water molecules [18], the time of dipole
relaxation of water molecules [20], and the entropy
diameter on the liquid-vapor coexistence curve for
water [17].

In works [15-18], it was shown that the charac-
ter of the thermal motion of water molecules changes
in a relatively narrow temperature interval. This cir-
cumstance allows this transformation to be inter-
preted as a dynamic phase transition in the sys-
tem associated with substantial changes in both the
translational and rotational modes of molecular mo-
tions, which are closely connected with modifica-
tions in the properties of the hydrogen bond net-
work. Near the temperature T' = 42 °C, this network
decays into a set of small and short-living molecular
associates.

We emphasize that the relaxation processes in
NaCl solutions are combinations of the relaxation
processes associated with hydrogen ions, as well as the
relaxation processes occurring as a result of water-salt
interaction.

ISSN 2071-0194. Ukr. J. Phys. 2022. Vol. 67, No. 12

Let us discuss the concentration dependence of the
pH relaxation time in NaCl solutions. From the data
in Table, it follows that the pH relaxation time in wa-
ter is approximately 6 times longer than that in the
saline with 180 water molecules per ion. The higher
the salt concentration, the more distinct the manifes-
tation of a certain oscillatory behavior of the pH re-
laxation time with the temperature variation. In par-
ticular, for water in this temperature interval, there
is a maximum at 7" = 35 °C and a minimum near
T = 40 °C. At the same time, for aqueous solutions

Temperature dependences of the pH
relaxation time in aqueous NaCl solutions
at various examined inverse solution concentrations

T, °C pH(eq) ¢ Ts, min
21.0 5.67 180 68
215 7
270 86
360 114
25.0 5.60 180 92
215 113
270 133
360 152
30.0 5.52 180 37
215 50
270 60
360 95
35.0 5.44 180 124
215 153
270 182
360 216
37.0 5.41 180 28
215 36
270 45
360 51
40.0 5.37 180 33
215 42
270 51
360 57
42.0 5.34 180 34
215 39
270 43
360 50
50.0 5.23 180 45
215 58
270 110
360 165
837
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Fig. 4. Concentration dependences of pH in aqueous NaCl
solutions at various temperatures T = 25 °C (¢), 30 °C (W),
35 °C (A), 40 °C (o), and 50 °C (x)

of sodium chloride, there appears a local maximum
at 25 °C; then, a local minimum at 30 °C; then, a
local maximum at 35 °C; and so on.

On the other hand, despite that the pH relaxation
time in NaCl solutions increases monotonically with
the increasing salt concentration (within the calcula-
tion error of the pH relaxation time), this param-
eter demonstrates certain features. At the two-fold
dilution of NaCl solutions (from 180 to 360 water
molecules per sodium or chlorine ion), the rate of the
pH relaxation time growth changes as follows:

e the minimum growth by a factor of 1.45 takes
place at the temperature T' = 42.0 °C,

e the maximum growth is observed at the temper-
atures T' = 30.0 °C (by 2.6 times) and 50.0 °C (by
3.7 times),
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Fig. 5. Dependences of the pH relaxation time on the pH value
in aqueous NaCl solutions for various inverse ion concentrations
¢ = 180 (4), 215 (W), 270 (A), and 360 water molecules per
salt ion (e)

e an average growth of 1.7 times is observed for
other examined temperatures.

Hence, the following conclusions can be made. It
is water that determines the main properties of the
temperature dependence of the pH relaxation time
in aqueous solutions of sodium chloride. At the same
time, the presence of NaCl salt is responsible for the
appearance of local peculiarities and characteristic
features in the temperature dependence of the pH re-
laxation time in aqueous NaCl solutions.

It is worth noting that water molecules are less sta-
ble in electrolytes than in water, because the elec-
tric fields created by the salt ions contribute to the
dissociation of water molecules. Therefore, while dis-
cussing the influence of the NaCl concentration on the
solution pH, it is necessary to bear in mind that the
electric fields of ions can change the equilibrium char-
acteristics of electrolyte solutions. Let us consider, in
more details, the influence of the electrostatic inter-
action between the ions on the behavior of molecular
processes in aqueous NaCl solutions.

5. Qualitative Analysis of the Influence
of Electrostatic Interaction Between Ions
on Molecular Processes in NaCl Solutions

It is reasonable to begin a qualitative analysis of
the influence of electrostatic fields created by salt
ions on the establishment of the equilibrium pH val-
ues in aqueous sodium chloride solutions by com-
paring the average distances between the salt ions
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in the solution (they can be evaluated from geo-
metric considerations) with the average distances at
which the electrostatic field of charged salt ions is ef-
fective. The former parameter can be calculated as
follows: r¢ = 0.5¢*/3r,,, where 7, is the diameter
of the water molecule. To evaluate the latter one,
let us calculate the Debye radius for ions in aque-
ous NaCl solutions. Relevant theoretical considera-
tions and calculation relations can be found in work
[1]. Figure 3 illustrates the calculated Debye radii (in
angstroms) for various inverse concentrations ¢ and
temperatures 7T'.

If the Debye radius is larger than r¢, then the Debye
spheres of the ions begin to overlap (see Fig. 3). From
Fig. 3, one can see that this is the case for the studied
concentration values. Moreover, the concentration at
which the Debye spheres begin to overlap depends on
the NaCl solution temperature and increases as this
temperature grows. For instance, the Debye spheres
begin to overlap at the inverse NaCl concentration
of ( = 300 if T = 25 °C, and at {( = 335, if
T = 50 °C. Therefore, within the analyzed interval of
salt concentrations in the solution, the electrostatic
field of charged ions affects the processes of estab-
lishing the equilibrium pH values in aqueous NaCl
solutions.

So, we see that the electric field created by ions
in the solutions can considerably change the value of
7s(T, ¢). The corresponding modification occurs, be-
cause this electric field substantially lowers the dis-
sociation barrier for surrounding water molecules in
the nearest environment of salt ions,

H,O = Ht + OH™, (5)

which leads to the concentration growth of hydrogen
ions. As a result, the pH of the solutions increases
with the increase of ¢ (see Fig. 4), which agrees with
the obtained experimental results.

Furthermore, the addition of NaCl leads to the ap-
pearance of a number of effects. The minimum of
7s(T,¢), which is observed in water at T =42 °C,
shifts toward lower temperatures — namely, to
36.6 °C, which is a characteristic temperature of hu-
man life — if the salt is added. The relaxation time
minimum 74(7, ) ~ 25 min corresponds to the max-
imum rate of physiological processes, which is char-
acteristic of the optimal temperature for human vital
functions [14]. By order of magnitude, this relaxation
time value is close to the expected one [14].

ISSN 2071-0194. Ukr. J. Phys. 2022. Vol. 67, No. 12

Also important are the results presented in Fig. 5,
where the dependences of 74(7T,((pH)) on the pH
are illustrated. If the salt concentration is maximum
(¢ = 180), the minimum of 74(T,{(pH)) is observed
at the temperature T ~ 37 °C and pH =~ 6.3. This
pH value is less by one than pH(opt) = 7.35, which
is typical of a healthy person. But this value is ex-
pectable as well, because all macromolecules of the
albumin type [21-24], as well as acid additives, also
affect the equilibrium pH values.

6. Conclusions

Temporal changes in the temperature and concentra-
tion dependences of the acid-base balance in aque-
ous sodium chloride solutions contacting with atmo-
spheric carbon dioxide have been studied experimen-
tally. The measurements are carried out in a temper-
ature interval of 294-323 K for ion concentrations cor-
responding to 180, 215, 270, and 360 water molecules
per sodium or chlorine ion.

The pH relaxation time in aqueous NaCl solutions
with dissolved atmospheric CO5 and its dependence
on the temperature and the ion concentration are
calculated. The analysis of the obtained temperature
dependences of the pH relaxation time testifies that
they are similar for various concentrations of NaCl
ions in water.

The principle of natural selection of the optimal
states of aqueous salt solutions characterized by the
temperature and the irreducible component of pH has
been formulated for the first time. Optimal are those
states in which the pH relaxation time in aqueous salt
solutions is minimum. On the basis of this principle,
the interval of human vital activity is determined to
extend from a temperature of (30 +2) °C to a tem-
perature of 42 °C.

It is shown that the optimal temperature for the
vital activity agrees with its actual value for humans
and most mammals. In the absence of contributions
from albumin and other proteins, the optimal pH
value agrees with its actual value only qualitatively,
with their difference being equal to one.
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JI.A. Byaasin, M.I1. Manromyorc, O.B. Xopoavcokuti

TEMIIEPATYPHI TA KOHIITEHTPAIIIITHI
SAJIE2KHOCTI ITOKABHUKA KNCJIOTHO-JIV2KHOT'O
BAJIAHCY BOJHUX PO3YNHIB XJIOPUAY

HATPIIO ITPU PO3YMHEHHI V HUX
ATMOC®EPHOTI'O BYIVIEKHCJIOI'O T'A3Y

Y poboTi eKcriepuMeHTaJIbLHO JOCJIPKEHO 3MIHU B Yaci Tem-
epaTypHUX 1 KOHIEHTPAI[iHHAX 3aJI€KHOCTEN ITOKa3HIKa KUC-
JIOTHO-JIy2KHOT'O OajlaHCy pPO30aBJIEHMX BOJHUX DPO3YHUHIB XJIO-
pUay HATpio, sKi mepebyBaloTh ¥ KOHTAKTI 3 aTMOCHEPHUM BY-
[VIEKHCJIIM Ta30M. BumipioBamms mpoBefeHo B iHTepBai TeM-
neparyp 294-323 K pis obepHeHUX KOHIEHTpaIiil HOHIB, sKi
Bignosigarors 180, 215, 270 i 360 mosekysaM BOaM Ha OJUH
oH HaTpilo abo XJIOpy. 3HAWIEHO YacH peJlaKcallil IOKA3HU-
Ka KHCJIOTHO-JIy?KHOT'O OaJIaHCy BOJHUX PO3YMHIB XJIOPHIY Ha-
TPiIO IpU PO3YMHEHHI Yy HUX aTMOCHEPHOro BYIVIEKUCJIOrO Ta-
3y B 3aJIE2KHOCTI BiJ| KOHIIEHTpAIil COJIi Ta BiJ TeMIlepaTypH.
CdopMynb0BaHO NPHUHIHUI BinOOpPY ONTHMAILHAX CTAHIB BOJ-
HO-COJIbOBUX PO3YMHIB, fKi XapaKTepU3yIOThCs TEMIIEPATYPOIO
1 HE3BIHOIO CKJIAIOBOIO IMOKA3HUKA KHUCJIOTHO-JIy?KHOTO OastaH-
Cy: ONTHMAJbHUMH BBaXKalOThCS CaMe Ti 3HAYEHHs, SKi 3a-
6Ge31edyoTh MiHIMaJIbHE 3HAYEHHS] 9acy peJlaKcallil MOKa3HU-
Ka KHCJIOTHO-JTy2KHOro 6asmancy. Ha ocHoBi mporo Bcranosite-
HO TeMIepaTypPHUI iHTepBaJsl »KUTTEAISAIbHOCT] JIIOIUHY, SKUN
npocraraerses Bix (30 +£2) °C mo 42 °C.

Katowoei cao6a: BOAHUN PO3YMH, XJOPUJ HATPIIO, HOKa-
3HUK KHCJIOTHO-JIY>KHOTO GajlaHCy, BYIVIEKUCJIMI ra3, Jac pe-
JIaKcarliil.
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