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RECOVERY OF THE PARAMETERS

OF THE ATMOSPHERIC GAS-AEROSOL
ENVIRONMENT ABOVE THE POSITION

OF CESAR OBSERVATORY, THE NETHERLANDS

1. Introduction

With the method previously proposed by the authors for recovering the parameters of the mul-
timode aerosol component in the atmosphere, the data of polarization measurements of the sky
above the position of CESAR Observatory, the Netherlands, at 14:55 UTC on July 9, 2013,
have been analyzed. The presence of two aerosol modes with the normal-logarithmic particle
size distribution is revealed, and some of their microphysical parameters are recovered. The
following parameter values are determined for the coarse-dispersed mode: the real part of the
refractive index n, = 1.53, the effective radius of the particles 1 = 0.9 pm, the dispersion
0% = 0.86, and the weighting factor of this mode in the total degree of linear polarization
of the aerosol mixture coefi = 0.1. For the fine-dispersed mode, n, = 1.49, r = 0.11 pum,
and 0% = 0.4. The quantitative ratio between the indicated aerosol modes in the air above the
observation position is estimated to be approrimately 1:9. The spectral values of the relative
contribution of gas scattering were determined: 3(870 nm) = 0.3 and B(675 nm) = 0.46. The
incorrectness of using the single Rayleigh scattering model in the short-wavelength region of
the wvisible light spectrum at high air saturation levels with aerosol has been pointed out. A
substantial influence of multiple light scattering on the results of polarimetric measurements
at a wavelength of 441 nm under the specified atmospheric conditions of sky observation has
been demonstrated.

Keywords: earth’s atmosphere, polarization measurements, degree of linear polarisation,
aerosol, recovery of microphysical parameters.

mospheric layers above the cities and territories

A significant impact of human activity on the chem-
ical composition and aerosol saturation of the at-
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with developed industry, powerful mining enterprises,
large transport interchanges, highways, and, so forth,
requires the implementation of routine procedures
for environmental air monitoring. Furthermore, man-
made and natural disasters happen rather frequently
and substantially expand the indicated activity field
for relevant municipal departments and units of state
emergency services. Complementing contact methods
applied to analyze gas and aerosol components in the
atmosphere, methods for remote study of Earth’s at-
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Fig. 1. Measurement results (vertical error bars) and the best
fittings of the spectral brightness Radiance (solid curves) and
the linear polarization degree P (dashed curves) as functions
of the scattering angle in the main plane. CESAR Observatory
position at 14:55 UTC on July 9, 2013 [7]

mosphere have been developing in recent decades at
an extremely rapid pace. Special measuring equip-
ment is developed for them, and special mathematical
algorithms are created to determine the general op-
tical spectral characteristics of the atmosphere and
the microphysical parameters of its aerosol compo-
nent [1-3].

In work [4], the authors proposed a method (here-
after referred to as the Method) to recover the micro-
physical parameters of the multimode aerosol com-
ponent in the atmosphere using spectral polarimet-
ric measurements of the sky. It allows the number of
main aerosol modes and some microphysical param-
eters of the engaged particles, as well as the spectral
values of the general parameters of the gas-aerosol
component in the atmosphere environment, to be de-
termined. As a practical example of the Method ap-
plication, a step-by-step process of recovery of atmo-
spheric parameters using the data of measurements
performed in [5] was considered. The characteristics
of the main aerosol modes in the atmosphere recov-
ered using the Method turned out close to the re-
sults obtained for the same observation position using
modern measurements and the control algorithms of
the AERONET network [6].

The aim of this work was to verify the efficiency
of the Method algorithms at processing the spectral
phase dependences of the sky linear polarization de-
gree obtained in [7] and compare the recovered values
of microphysical parameters for aerosol mode parti-
cles with the corresponding values obtained in [7] and
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with the values measured by the instruments and data
processing algorithms of the AERONET network [8].

2. Main Part

In work [7], the results of radiation and polarimetric
measurements of the sky above the position of the
Cabauw Experimental Site for Atmospheric Research
(CESAR Observatory), the Netherlands (51.971° N,
4.927° E) were reported. The measurements were car-
ried out using the spectropolarimetric instrument
groundSPEX, which was specially developed for this
purpose. Using the measurement data obtained under
clear sky conditions at 14:55 UTC on July 9, 2013, the
spectral dependences of the brightness and the linear
polarization degree (DoLP) of the sky on the light
scattering angle in the main plane were plotted; see
Fig. 1. The cited work alse contains model curves cal-
culated by means of algorithms developed for solving
the inverse problem [9,10] using the parameter values
of the aerosol component in the atmosphere that were
recovered by the groundSPEX support group.

In this work, on the basis of the indicated spec-
tral phase dependences of the sky DoLP, the micro-
physical parameters of particles in the coarse- (Coarse
mode) and fine-dispersed (Fine mode) aerosol modes
in the sky above the observation position of the CE-
SAR Observatory at 14:55 UTC on July 9, 2013, were
recovered. The following quantities were determined:
the effective radius, r, and dispersion, o2, of the nor-
mal logarithmic particle size distribution function and
the real part of the complex refractive index of parti-
cles, n,.. For the DoLLP parameter in the Coarse mode,
the weighting coefficient coef; was fitted, which al-
lowed us to correctly calculate the total DoLLP value
for the aerosol component in the atmosphere. In ad-
dition, the spectral values of the parameter describing
the relative contribution of molecular scattering 5(\)
in the atmosphere at the light wavelengths A = 675
and 870 nm were determined. The successive stages
of this procedure were considered.

A qualitative analysis of the dependences shown in
Fig. 1 showed that, despite the conditions of clear-sky
measurements pointed out in [7], the absolute val-
ues of DoLLP do not reach a value of 0.5 even in the
short-wavelength interval of visible light. This obvi-
ously points to the presence of a substantial amount
of aerosol in the air column during the measurements,
which led to a considerable decrease in the observed
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values of the sky DoLLP and reduced the accuracy of
the measurements, especially at small light scattering
angles. In addition, the spectral differences in the ob-
served dependences of the sky DoLP testify to a sub-
stantial effect of light scattering just at the particles of
the fine-dispersed mode of atmospheric aerosol. The
spectral dependences of the sky DoLP on the light
scattering angle in the main plane were given in work
[7] only as plots (see Fig. 1); therefore, they were dig-
itized using the Graph2Digit 0.7.1b software [? |. For
every scattering angle, the DoLP values were deter-
mined by averaging over the given vertical bars cor-
responding to the measurement error.

The parameters of the gas-aerosol environment
of the atmosphere were recovered using the above-
mentioned Method. Here, we only briefly present its
key features and formulas; one can read more about
it in work [4]. The main idea of the Method is to
represent the studied atmosphere as a homogeneous
gas-aerosol model environment, whose DoLLP spectral
phase characteristics are determined by a specific set
of microphysical parameters. The data of the phase
measurements of the sky DoLLP above the observa-
tion position were compared with the corresponding
DoLP dependencies calculated for the model environ-
ment and the values of its microphysical parameters
were fitted using the Method algorithm to achieve
the best agreement for the indicated DoLLP dependen-
cies. For this purpose, the corresponding Root-Mean-
Square Deviation (RMSD) functions were minimized;
the plots of the latter clearly illustrate the process of
finding the required parameter values. For the model
gas-aerosol environment, the dependence P(a, A) of
the DoLP on the light scattering angle o and the
wavelength A has the form [12]

Pla,A) = B(A)Pr(a) + (1 = B(A)) Pa(a, A), (1)

where Pr(«) is the gas component of DoLP, P,(a, )
is the aerosol component of DoLLP, and

O'R()\) TR()\)

BN = SN +0alh) — maln) + TV @)

is the spectral value of the relative contribution
of molecular scattering in the atmospheric environ-
ment. In formula (2), or(XA), g4(A), TR(A), and 74(N)
are the volume scattering coefficients (o) and the op-
tical thicknesses (7) of the gas (R) and aerosol (a)
components in the atmosphere at the wavelength .
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The gas contribution Pgr(«a) to the total sky DoLP
depends on the light scattering angle and, according
to the Method, takes into account a single scattering
at the molecules of atmospheric gases (the Rayleigh
scattering),

Pr(a) =sin®*(a)/(1 + cos?(a) + 6/(1 - 5)), (3)

where ¢ is the depolarization index. For small gas op-
tical thicknesses of the atmosphere (tg < 1), the
value of Pr(a) should reach maximum values of about
95% at scattering angles of 90° and 270°. Under real
conditions, due to the depolarizing effect of multi-
ple scattering, the observed value Pp(«a) is smaller,
which is especially noticeable in the short-wavelength
spectral interval of visible light.

According to the Method, to consifer the nature
and the parameters of the particle size distribution
function for the aerosol component of the atmospheric
environment, the latter is represented as a combina-
tion of polydisperse systems of uniform spherical par-
ticles (the aerosol modes) characterized by a normal-
logarithmic size distribution function. In particular,
when using a model of the atmospheric environment
containing two main aerosol modes, the total DoLP
value of the aerosol component is determined by the
expression

P,(a, \) = coefy - Pyi(a, A\, p1,m01) + (1 — coefy) x

XPaQ(aaAvp%n'r‘Q)v (4)

where P,1(a, A, p1,m,1) is the DoLP component
formed by aerosol mode 1, P,o(a, A, p2,m,2) is the
same for mode 2, coef; is the weighting factor for
mode 1, p1 2 = 27ry 2/ are the Mie parameters of
modes land 2, 5 are the effective radia of aerosol
particles of modes 1 and 2, mj o = n,12 — jni 2 are
the complex refractive indices (CRIs) of particles of
modes land 2, and n,1,2,n;1,2 are the spectral values
of the real and imaginary, respectively, parts of the
CRI of particles of modes land 2. We emphasize that,
in the algorithm of the Method, light absorption in
the continuous spectrum is neglected because the vast
majority of aerosol particles detected in the Earth’s
atmosphere are weakly absorbing [4].

Additionally, the Method uses the sky DoL.P de-
pendences measures under clear sky conditions, when
the presence of even strongly light-absorbing aerosols
in air is very low. To simulate the DoLP spectral
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Fig. 2. RMSD dependencies on In(p) for various n,-values of
model aerosol particles

phase dependences of light scattered in a gas-aerosol
environment, we developed a set of special computer
program codes that allow calculations with an accu-
racy of 1078,

2.1. Simulation procedure

The procedure for selecting microphysical parameters
of aerosol particles was carried out at the wavelength
A = 870 nm because the influence of multiple scatter-
ing on the sky polarization characteristics is insignif-
icant in the long-wavelength interval of the visible
light spectrum [12,13].

2.1.1. Stage 1

The initial stage of data analysis was performed ac-
cording to the method proposed in work [14]. Its re-
sults showed a general picture for the distribution of
the main modes of the aerosol component in the at-
mosphere and narrowed the search interval for prob-
able parameter values of their particles at the next
stages. In Fig. 2, the plots of the RMSD function cal-
culated in the framework of the model of the single-
mode aerosol component in the atmosphere (coef; =
= 1) are shown. The calculations were performed in
the widest possible interval of physically permissible
values for the Mie parameter of aerosol particles (the
expression In(p) is used for it in this work) and for
various values of the real part of their refractive in-
dex n,.. Recall that the minimum value of the RMSD
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function corresponds to the best agreement between
the calculated model values of DoLP and the exper-
imentally determined values of the sky DoLP at all
measured light scattering angles.

It should be noted that Fig. 2 also demonstrates
the values of the parameters o and 3(870 nm), which
were used in the calculations of the exhibited depen-
dences. These as yet preliminary parameter values
were selected from the intervals of their permissible
values only after a few circles of estimation calcula-
tions, and their exact values were determined at the
subsequent stages of the analysis.

Hence, the kit of the calculated RMSD depen-
dences shown in Fig. 2, testifies to the presence of two
main modes in the aerosol component in the atmo-
sphere above the observation position. The domains
of the probable existence of these modes are marked
as “Coarse mode” and “Fine mode”. The ratio between
the minimum values of the RMSD function in these
domains demonstrates that the Fine mode quantita-
tively exceeds the Coarse mode. Therefore, for fur-
ther analysis, we determined the following intervals
of probable values for the particle parameters: the
parameter n, = 1.48+1.53 for both aerosol modes;
the parameter In(p) = 1.5+-3.0 for the Coarse mode,
and In(p) = 0.1+-0.7 for the Fine mode.

2.1.2. Stage 2

At the next stage, we fitted the parameters for the
Coarse mode. Figure 3 demonstrates the dependences
of the RMSD function calculated at the wavelength
A = 870 nm within the intervals of probable param-
eter values of particles in the Coarse mode and the
parameter 1 of the gas-aerosol environment (the no-
tation (31 reflects the application of the model of the
single-mode aerosol component in the atmosphere).

As one can see from Fig. 3, a, the shape of the
RMSD dependence on the parameter In (p.) and the
position of its minimum are highly sensitive to rela-
tively small value changes of the parameter 5. We
successfully compensated this sensitivity by stepwise
fitting the value of the parameter 1, which substan-
tially narrowed the search interval of the Mi param-
eter values for the Coarse mode particles to 1.5+2.5
and allowed us, using simple averaging, to determine
the most probable value In (p.) ~ 2.0.

Figures 3, b—c illustrate the recovery procedure for
other parameters of the Coarse mode particles and
the refinement of the value of the parameter 5. We
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Fig. 3. RMSD dependencies on the parameters In(p:) (a), nre (b), 02 (c), and B1(A\) (d) of the Coarse mode
particles of the single-mode aerosol component in the atmosphere. The wavelength A = 870 nm

emphasize that when recovering the value of each sub-
sequently sought parameter, the values of other pa-
rameters that have already been determined at the
previous stages were used.

Figure 3, d demonstrates the value refinement pro-
cess for the parameter 5;. The RMSD dependences
on this parameter plotted in this figure were calcu-
lated for the values of the parameter In (p.) within the
interval indicated above. The solid curve shows the
dependence calculated at the average value In (p.) =
= 2.0 and has a minimum at 3; = 0.52. Note that this

ISSN 2071-0186. Ukr. J. Phys. 2025. Vol. 70, No. 8

value of the parameter 51(870 nm) turned out con-
siderably larger than the value B¢a1.(870 nm) = 0.295
calculated according to Eq. (2) with the correspond-
ing spectral values of the optical thickness for the gas
and the aerosol components in the atmosphere taken
from handbook [15].

Hence, besides the first indicator of the presence of
the Fine mode in the atmosphere above the observa-
tion position, which was already detected in the qual-
itative analysis of Fig. 2, a significantly overestimated
value of the parameter 81 (870 nm) determined at this
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analysis stage became another indicator of the pres-
ence of the Fine mode. Therefore, at the next stage,
we recovered the parameters of the Fine mode par-
ticles and determined the quantitative ratio between
the detected main modes in the aerosol component of
the atmosphere.

2.1.3. Stage 3

In Fig. 4, the RMSD dependences on the Fine
mode particle parameters and the parameter [31
(here the notation (1o reflects the use of the two-
mode model for the aerosol component in the atmo-
sphere) calculated for the wavelength A\ = 870 nm
are depicted. According to the Method algorithm, the
DoLP value of the aerosol component at this analy-
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sis stage is formed by the parameter DoLP. of the
Coarse mode and the parameter DoLPy of the Fine
mode, and taking into account the weighting coeffi-
cient coef; of the Coarse mode (4).

As a result of simulation, from the position of the
RMSD function minima, we determined the values of
the parameters of the Fine mode particles and the pa-
rameter $12. Note that besides the dependence of the
RMSD function on the parameter In(py), Fig. 4, a
also demonstrates how the coefficient coef; modi-
fies this dependence. The calculations show that the
variation of coef; within an interval of 0.01+0.2 af-
fects very weakly on the absolute value of the RMSD
function minimum; at the same time, it substantially
changes the fitted value of the parameter In (ps). The-
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refore, using the already determined parameters of
the Fine mode particles, we refined the value of
this weighting coefficient, which gave us the value
coef; =~ 0.1; see Fig. 4, e.

Thus, the quantitative ratio between the Coarse
and Fine modes in the aerosol component of the
atmosphere at the observation position is approxi-
mately equal to 1:9. This result expectedly confirmed
our initial conclusions concerning a substantial quan-
titative excess of the Fine aerosol mode over the
Coarse one.

3. Discussion

Figure 5 demonstrates the spectral dependences of
the sky DoLP on the light scattering angle a in
the main plane. The figure exhibits the experimental
PolBase) dependences averaged over the data pre-
sented in Fig. 1 and the model SumPoly, dependences
calculated using the recovered parameters of the gas-
aerosol environment in the atmosphere.

According to the conclusions made in work [12], at
wavelengths shorter than 600 nm, the calculation ac-
curacy of the sky polarization characteristics in the
single scattering model does not exceed 10%. The
vertical bars in Figs. 5, a and b mark the intervals

Table 1. Recovered values of the mode
parameters of aerosol component in the atmosphere

Aerosol modes
Coarse mode Fine mode
Para-
meters Data source
This AERONET/ This AERONET/
work |groundSPEX [7]| work [groundSPEX [7]
r,pm| 0.9 (1.5-4.8)/ |0.1-0.11|  0.13-0.2/
(0.8-6.5) 0.12-0.3
o? 0.36 - 0.4 -
Ny 1.53 (1.4-1.63)/ 1.49 (1.4-1.63)/
(1.42-1.58) (1.42-1.58)
coefy [0.1-0.11 — — —

Table 2. Spectral values of the parameter ()

Wavelength, A, nm 870 675 441
B12(A), this work 0.3 0.46 0.53
Beale, handbook [15] 0.295 0.46 0.74

504

of the 10% error for the calculated SumPol, depen-
dences. As one can see, at wavelengths of 870 and
675 nm, the shapes of the model curves are close to
the experimental ones and intersect with the averaged
measurement data within the indicated calculation
accuracy. Note also that according to the data in [7,
Table 1], the measurement accuracy of the PolBase)
dependences is determined by the pairs of system-
atic and random errors, and for most of the exam-
ined light scattering angles, it considerably exceeds
the 10% value. As a result, the intersection of the in-
tervals of the measured and simulated phase depen-
dences of the sky DoLP becomes larger so that the
recovered values of the parameters obtained in this
work can be considered close to the real ones.

Figure 5, ¢ illustrates the results obtained for the
wavelength A\ = 441 nm. Here, the SumPol) depen-
dences are shown that were calculated at the parame-
ter value f12(441 nm) = 0.53 fitted using the Method
algorithm and the “reference” value Scaic(441 nm) =
= 0.74. According to the conclusions made in work
[12], owing to the influence of multiple light scattering
at short wavelengths, the calculation error of the sky
DoLP value in the single-scattering Rayleigh model
increases substantially; therefore, the 10% error in-
terval cannot be used at longer wavelengths. As one
can see, the dependence SumPoly (f12) is much closer
to the experimental PolBase) curve than the depen-
dence SumPoly (Bcaic)- The origin of this discrepancy
will be considered below.

Table 1 contains the values of the recovered param-
eters for two main modes of the aerosol component in
the sky above the position of the CESAR Observatory
at 14:55 UTC on July 9, 2013, as well as the value
intervals for the corresponding parameters of aerosol
modes. The latter were determined from multi-day
observations at this position and their processing in
the AERONET network, and from the measurement
results of the groundSPEX instrument [7]. As one
can see, the parameters of aerosol modes recovered
in this work do not go beyond the value intervals
determined by the AERONET and groundSPEX al-
gorithms. Note,, however, that the effective particle
radius values fitted for both aerosol modes are con-
sistent with only the minimum values in the indicated
intervals.

Table 2 quotes the spectral values of the parame-
ter describing the relative contribution of molecular
scattering in the atmosphere. They were determined

ISSN 2071-0186. Ukr. J. Phys. 2025. Vol. 70, No. 8



Recovery of the Parameters of the Atmospheric Gas-Aerosol Environment

from the spectral phase dependences (12(A) of the
sky DoLP and calculated using the reference spec-
tral values for the optical thickness of the gas and
aerosol components in Earth’s atmosphere [caic()\)
[15]. The spectral values of the parameters fitted us-
ing the Method exactly correspond to the reference
values (12(870 nm) = [cac(870 nm) = 0.3 and
B12(675 nm) = Pealc(675 nm) = 0.46, which testifies
to the reliability of the recovered parameter values for
the aerosol component.

At the same time, the fitted value of the parame-
ter B12(441 nm) = 0.53 is substantially smaller than
the “reference” value Bealc(441 nm) = 0.74. This re-
sult means that the value of the parameter DoLLP of
the gas component calculated in the framework of the
single light scattering model is significantly overesti-
mated in comparison with its real value.

As another origin of this discrepancy, we consider
the availability of a substantial amount of aerosol in
the air above the observation position at the time of
measurement; this circumstance was already pointed
out above, when making the general qualitative anal-
ysis of the input data. It is obvious that under such
conditions, the influence of multiple light scattering
on the sky polarization characteristics increases sub-
stantially, and this fact is especially pronounced in
the short-wavelength spectral interval. This assump-
tion is confirmed by conclusions made in work [12]
with respect to the measurement and calculation re-
sults obtained for the sky polarization parameters in
the framework of the single Rayleigh scattering model
at wavelengths shorter than 600 nm.

4. Conclusion

The efficiency of the Method proposed for the re-
covery of the microphysical parameters of the multi-
mode aerosol component in the atmosphere has been
demonstrated by analyzing the data from the spectral
polarimetric measurements of the sky over the CE-
SAR Observatory, the Netherlands, using the ground-
SPEX device. The correctness of the recovered values
of the microphysical parameters of the main aerosol
modes is confirmed by the closeness of the results
of the spectral phase measurements of the sky lin-
ear polarization degree over the observation position
and the dependences of this parameter calculated for
the model gas-aerosol environment. The aerosol par-
ticle parameters reconstructed in this work are consis-
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tent with the intervals of their probable values deter-
mined in the AERONET network and calculated by
the spectropolarimeter groundSPEX support group.

The authors are sincerely grateful to the reviewer
for a number of comments; their account improved
the quality of this publication.
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BIIJHOBJIEHHA ITAPAMETPIB
TASOBO-AEPO30JIBHOI'O CEPEJOBUIIIA
ATMOC®EPU HAJ ITO3UIIEIO

CESAR OBSERVATORY, HIJEPJIAH/IN

3 BHKODHCTAHHSIM PaHIIIe 3allpONOHOBAHOrO aBropamu Mero-
Iy BiTHOBJIEHHSI ITapaMeTpiB 6araTroMo0BOI aepO30JIbHOI CKJla-
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moBOT armMocdepu, MPOAHAJI30BAHO [IaH] MOJIAPU3AIINHAX BU-
miproBanb Heba Ha i nosuiiiero CESAR Observatory, Hinepian-
nu. B armocdepi mazm mosuiii€ro BUSBIEHA IPUCYTHICTH ABOX
aepO30JIBHUX MOJI 3 HOPMAJIbHO-JIOTapudMIYHUM DPO3IOIIIOM
YaCTHHOK 3a po3MipaMu I BiZHOBJIEHO HHU3KY IX Mikpodizu-
qHUX napamerpis. dust rpyboauciiepcHOl MO BUSHAYEHO J1iii-
CHy YJaCTHHY ITOKa3HUKa 3aJIOMJIEHHS N, = 1,53, edexkTruBHMIT
pauiyc sactunok 7 = 0,9 MKM, ix mucrepcis o2 = 0,36, BaroBmit
KoeII€HT Ii€T MO/M y 3arajibHiil BEJIMYUHI CTYIIEHIO JIHIAHOT
noJisipu3anii aepo3osbHol cymimii coefy = 0,1. st apibHOMMC-
nepcuoi Momu ny = 1,49, r = 0,11 mxm, 02 = 0,4. Kinbkicue
CIIiBBiJHOIIIEHHST BKa3aHUX a€PO30JILHUX MO/I Y IOBiTPi HaI 110-
3UIIEI0 CIIOCTEPEXKEHHST CKJIa1a 10 npubausno 1:9. Busnayeno
CIIEKTPAaJIbHI BEJIMYUHH BiJJHOCHOIO BKJIAJy I'a30BOI'O PO3CisiH-
ms: B(870 mm) = 0,3 i B(675 M) = 0,46. Bimviueno Heko-
PEKTHICTh BUKODHUCTAHHS MOZEJ OJIHOKPATHOI'O PO3CiIOBaHHS
Peess y KOpOTKOXBMIIBOBI#l AIJISHIII BUANMOIO CHEKTPY CBIT/IA
Ta MIPU 3HAYHINA HACUYIEHOCTI MOBITpsA aepo3osisamu. [Ipogemon-
CTPOBAaHO CYTTEBHl BIUIMB 6araTOKPATHOIO PO3CIIOBaHHS CBi-
TJIa HA PE3YJIbTATH MOJISIPUMETPUYHUX BUMIPDIOBAaHb HA, JIOBXKU-
Hi xBuji 441 HM 3a BKa3aHUX aTMOC(HEPHUX YMOB IPOBEIEHHS
CIIOCTEpEXKeHb HedA.

Katowoei caoea: 3eMHa aTMocdepa, JUCTAHIIAHI BUMipIO-
BaHHS, CTYIHb JIHIAHOI OJIsApu3aliii, aepo30Jib, BiITHOBJIEHHS
MiKpodi3nyHUX apamMeTpis.
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