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ABSTRACT

BACKGROUND: Currently, there is growing concern about changes in the oxygen content in the surface air layer. There are
weather classifications where the determining meteotropic effect affecting human health is the value of oxygen partial density,
but among these types of weather, hyperoxia situations are not considered, although in a number of studies attention has
been drawn to the negative impact on human health of high oxygen content in inhaled air. Taking into account the combination
of periodic and aperiodic components of weather factors, it seems relevant to assess their intraannual variations in different
climatic zones and determine their contribution to the formation of seasonal rhythms of partial oxygen density.

AIM: To assess the contribution of weather factors of the subarctic and subtropical climatic zones to the seasonal dynamics of
the partial oxygen density in the atmospheric air.

MATERIALS AND METHODS: Wavelet analysis was used for mathematical analysis of weather changes. Signal analysis was
performed in the plane of wavelet coefficients (scale-time-level). The statistical significance of rhythms was estimated by
multiple (5000) random permutations of the levels of the original time series.

RESULTS: In the Subarctic region, the annual rhythm of partial oxygen density is modulated by the insertion intra-annual
rhythms of weather factors, in the subtropics, the rhythm of partial oxygen density is determined by constant low-amplitude
rhythms of weather factors. The population of the North is exposed to hyperoxia during the five winter months and hypoxia
in the summer. In the Limpopo province of South Africa, hypoxia occurs during the wet season (November to May), which,
according to the medical weather classification, requires medical supervision.

CONCLUSION: Considering the presence of aperiodic components in the dynamics of weather factors, mathematical data
processing requires the use of methods that evaluate changes in the spectral composition of a time series over time. We
recommend supplementing medical weather classifications with such items as "hyperoxic day" and "hyperoxic" weather type.
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AHHOTALMA

O6ocHoBaHMe. B HacToslee BpeMs pacTET 03aBOYEHHOCTb YYEHBIX U3MEHEHWEM COAEPIKaHWUA KUCNOpOoAa B MPU3EMHOM
cnoe Bo3ayxa. CywlecTByloT KiaccuduKaLmm norof, rae onpefensiowuM MeTe0TPOMHbIM BO3AEHCTBUEM, BAMSIOLLMM Ha 30,0-
POBbE YENOoBeKa, ABNAETCS BENMYMHA NapLMabHON MIOTHOCTM Kucnopoaa. OaHaKo 3Th TWMbl NOTOAbl HE YYUTLIBAKOT COCTO-
SIHWE TUMEepOKCUU, XOTSA eCTb aHHbIE 0 HEraTMBHOM BO3/EMCTBUW Ha 3[,0pP0BbE YENOBEKA BbICOKOr0 COAEPHaHWs KUCIopoaa
BO BAbIXaeMOM Bo3ayxe. [IpeAcTaBnsaeTcs akTyabHbIM OLEHUTb COYETAHME NEPUOSNYECKUX M anepuoNyECKUX KOMMOHEHTOB
norofiHbIX GaKTOPOB M UX BHYTPUrOLOBbIE BApUaLMK B Pa3fIMUHBIX KIMMaTUYECKUX NOSICaX U ONPeLenuTh UX BKNIaJ B opMu-
pOBaHMe CE30HHbIX PUTMOB MapLWanbHOI NOTHOCTU KUCOPOAA.

Llenb. OueHnTb BKag NorogHelx hakTopoB cybapKTUUECKOro M CyBTPONMYECKOr0 KITMMATUYECKMX MOSICOB B CE30HHYI0 AUHA-
MWKY MapuuanbHoOi NNOTHOCTW KUCNOPoAa B aTMOC(EpHOM BO3LYyXe.

Martepuanbl M MeToabl. [Ing MaTeMaTMYeCKOro aHan3a U3MeHEHMIA NOroAbl NPUMEHEH BeMBIET-aHanu3. AHan3 CMrHanos
Npou3BOAMIM B MNIOCKOCTW wavelet-koadduumeHToB (MacluTab—BpeMsa—ypoBeHb). CTaTUCTUUYECKYH0 3HAUMMOCTb PUTMOB OLie-
HWBanM nyTém MHorokpartHoii (5000) cnyyaitHoil NepecTaHoBKM YPOBHEN UCXOHOMO BPpeMeHHOro paaa.

Pe3ynbratbl. B cybapkT1ieckoM pervoHe rofoBoi puTM NapLuanbHOM NAOTHOCTU KUCIOPOLA MOLYNMPYETCS BCTaBOYHBIMU
BHYTPUrofoBbIMM KoflebaHuamK norofiHbix hakTopos; B CybTponuKax BapuabenbHOCTb napuuabHOK MAOTHOCTM KUCMOpPoaa
onpefenseTcsi NOCTOAHHbIMU HU3KOAMMIMTYAHBIMU PUTMaMu 3TUX e dakTopoB. Hacenenne CeBepa MCMbITbIBAET BO3aeN-
CTBME FUMEPOKCUM B TEUEHUE NATU 3UMHUX MECALLEB M rMnoKcun — netoM. B npoeuHumm Jlumnono (IOAP) B Teyenne Bnax-
HOro ce30Ha (c Hosbpsa no Mai) HabnAaeTcs MMNOKCKSA, KOTOPas B COOTBETCTBUM C MEMLMHCKON KnaccuuKaumen norofpl
TpebyeT MeAMLIMHCKOrO KOHTPOSIA.

3akniouenue. C y4ETOM anepuoaMYecKUX COCTABASHOLLMX B AMHAMUKE NOrofHbIX (aKTOpoB B MaTeMaTuuecKoii obpabot-
Ke AaHHbIX He0OXOAMMO NpUMEHeHUe METO/0B, KOTOPbIE OLEHUBAKOT M3MEHEHWUS! CMIEKTPAsIbHOr0 COCTaBa BPEMEHHOMO psaa
co BpeMeHeM. MeauumHCcKWe KnaccuduKaumm norof peKOMeHAYeM LOMOSHUTb TaKUMKU MYHKTaMM, Kak «rMNepoKCUMYecKUi
LEHb» U «TUNEPOKCUYECKUAY» TUM MOrofbl.

KnioueBbie cnosa: 3KCTpeMalibHble NOroAHble yCNoBUA; KUCNOPOA; TMNOKCUA; TMMNEePOoKCUS,; CeBep.
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BACKGROUND

The human body is exposed to various weather and ge-
ophysical factors, including temperature, humidity, atmos-
pheric pressure, solar irradiance, magnetic activity, and air
composition [1-3]. The intensity of biotropic effect depends
on the magnitude of these factors and also their periodic and
aperiodic changes over time [4]. Long-term exposure to high
temperatures can lead to hyperthermia and related condi-
tions, such as tachycardia, hypertension, hypotension, head-
aches, convulsions, and electrolyte imbalances [5]. Exposure
to low temperatures can result in various functional changes
that negatively affect health [6, 7]. For example, 33 types of
conditions have been identified where acute exposure to cold
can be a causative (etiological) factor for primary dysfunction
and a definitive determinant for other pathological processes
(pathogenetic factor), which contribute to their progression
and poorer outcomes.

High humidity exacerbates the adverse effects of both high
and low temperatures. High humidity affects pulmonary venti-
lation and alveolar—capillary oxygen diffusion [8]. Water vapor
is involved in maintaining the partial oxygen density (POD) of
inhaled air and in heat transfer processes. Atmospheric pres-
sure significantly impacts many functions of the human body,
including gas exchange and circulatory system function [9].

There are growing concerns about changes in the oxygen
content of ground-level air [10, 11]. Several weather classi-
fication systems use POD as a determinant of human health.
These classifications identify four types of weather condi-
tions: hypoxic, spastic, indifferent, and hypotensive, which
may or may not require medical supervision [12, 13].

Situations with increased oxygen content are not consid-
ered. However, several works have demonstrated that high
oxygen levels negatively affect human health and well-be-
ing [14], even at high latitudes [15].

Taking into account the combination of periodic and
aperiodic components of weather factors, it seems relevant
to assess their intra-annual variations in different climatic
zones, and determine their contribution to the formation of
seasonal POD rhythms.

The study aimed to assess the contribution of weather
factors of the subarctic and subtropical climatic zones to the
seasonal changes of POD in the atmospheric air.

MATERIALS AND METHODS

The weather undergoes both periodic and aperiodic
changes, so wavelet analysis was used for mathematical
analysis of weather changes [16]. The wavelet coefficient
plane (scale-time—level) was used to evaluate signals [17].
The wavelet transform illustrates over-time changes in the
spectral structure of a time series. It can be used to track
abrupt weather shifts, such as cyclones with associat-
ed atmospheric fronts, and their impact on stable weather
rhythms [4].
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The following time series parameters were evaluated:
mean level (mesor, M + m), rhythm amplitude (A, arbitrary
units), periods of stable and transient (quantized) rhythms
(days per month), the coefficient of variation (c,, %), and the
coefficient of synchronization (r, arbitrary units). The statisti-
cal significance of rhythms was estimated by multiple (5000)
random permutations of the levels of the original time series.
The reported p-value indicates the percentage of cases in
which the energy of the extracted frequency component of
the original series exceeded that of the permuted series.

The following parameters were evaluated using daily
means to assess weather variations throughout the year:
ambient air temperature (T, °C); atmospheric pressure
(P, mm Hg); relative humidity (¢, %), and POD (g/m?).

The POD, also defined as the weight oxygen content, is
directly proportional to atmospheric pressure minus the par-
tial pressure of water vapor and inversely proportional to air
temperature: 0,=83x(P-@)/T. This correlates with the partial
oxygen pressure in inhaled and alveolar air, depending on
physical characteristics [18, 19].

To minimize the effects of helio-geophysical factors on
the weather, 2007 was selected as the reference year. It was
the quietest year of Solar Cycle 23, with a minimum month-
ly mean smoothed sunspot number of 2.2. Table 1 shows
the duration of each actual season in the regions that were
evaluated.

Khanty-Mansiysk is located at the coordinates 61° N, 69° E.
It has a sharply continental climate which is characterized
by severe, long winters with strong winds and snowstorms.
Cold weather returns in spring, and late spring and early au-
tumn frosts are common. The typical duration of the seasons
is as follows: autumn:' September 5 to October 11 (36 days);
winter: October 12 to April 27 (200 days); spring: April 28 to
June 9 (42 days); summer: June 10 to September 4 (87 days).
Apparent changes in photoperiod occur throughout the year.
The shortest daylight duration, 5 hours and 32 minutes, is
recorded on December 22. In contrast, during the summer
white nights, daylight reaches 19 hours and 17 minutes.

Polokwane is the capital of the Polokwane municipality,
the Capricorn District Municipality, the Limpopo province in
South Africa. It is located at 23° S, 29° E.

Summer in Limpopo lasts from November to March
(~5 months). Most of the annual precipitation falls during
this season. Daytime temperatures are 25-40°C or higher.
Autumn (April, May) is a transitional season, characterized
by moderate temperatures and lower precipitation. Daytime
temperatures are 20-30°C, and precipitation is significantly
lower. Winter lasts from June to August (~3 months). There
is virtually no precipitation. Spring, the transition period from
dry to wet season, lasts approximately two months (Septem-
ber and October). The temperature fluctuates between 20°C

' Khanty-Mansiysk Center for Hydrometeorology and Environmental
Monitoring. Available at http://www.ugrameteo.ru Accessed on
November 7, 2024.
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Table 1. Duration of actual seasons of the year in Khanty-Mansiysk (Russia) and Polokwane (South Africa)

Khanty-Mansiysk

August | September | October | November | December | January | February | March | April | May | June | July |
Summer Autumn Winter Spring | Summer
Polokwane
August September | October November| December | January |February| March | April | May | June | July |
Winter Spring Summer Autumn | Winter

Dry season | Wet season | Dry season

and 35°C. The province receives abundant sunshine through-
out the year, especially in winter. There are minor seasonal
variations in photoperiod, with an approximate difference of
three hours (10 hours and 39 minutes on June 22 versus
13 hours and 36 minutes on December 22).2

RESULTS

Table 2 shows the average annual values, amplitude
of variations, and coefficient of variation for temperature,
atmospheric pressure, relative humidity, and POD in Khan-
ty-Mansiysk and Polokwane.

Although the average annual POD values in Khanty-Man-
siysk and Polokwane do not differ significantly (see Ta-
ble 2), reliable seasonal differences are observed (Fig. 1).
The lowest POD values occur in the summer months in both
the northern and southern hemispheres. However, POD in
Khanty-Mansiysk varies more, with a coefficient of variation
of 5.22% (ranging from 260 g/m® in summer to 330 g/m? in
winter). In contrast, POD in Polokwane varies by only 2.39%
throughout the year (ranging from 260 g/m? in summer to
290 g/m?® in winter).

A wavelet analysis of the POD variations in Khanty-Man-
siysk found two transient [20] rhythms, or abrupt weath-
er shifts [21]: 101.1 days/4.65 arbitrary units/0.001° and
135 days/2.99 arbitrary units/0.001 lasting from January to
June (winter/spring). A POD spectrogram was compared with
spectrograms of other weather variables, and comparable
transient rhythm durations were documented for variations of
T(101.1 days), P (75.3 days), and @ (68.3 days). Abrupt shifts
in humidity were demonstrated for 19.0 and 17.3 days. A cor-
relation analysis of weather factor variations and the POD in
Khanty-Mansiysk indicates strong positive relationships be-
tween the POD/T (r=0.924) and moderate positive relationship
between POD/P (=0.318) and POD/¢p (r=0.386) ratios.

In the subtropical climate zone, the annual POD var-
iations have two transient rhythms: 83.1 days/2.11 arbi-
trary units/0.002 and 23.2 days/0.69 arbitrary units/0.035.
However, unlike in the subarctic climate zone, the

2 Green Book: Adapting South African Settlements to Climate Change.
Available at https://greenbook.co.za Accessed on November 7, 2024.
3 Hereinafter: period / amplitude / significance.
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high-amplitude rhythm with a period of 83.1 days was ob-
served as two abrupt weather shifts, which occurred during
the wet (summer) season (January—March and October—De-
cember), and the low-amplitude, but a significant rhythm with
a period of 23.2 days was observed during the dry season peak
(June-July), respectively (Fig. 1). In contrast to the transient
rhythm in the subarctic climate, the air temperature in the sub-
tropical zone was characterized by a stable, low-amplitude,
three-month rhythm (101.1 days/1.46 arbitrary units/ 0.003).

Variations in atmospheric pressure are characterized
by the stable, high-amplitude (2.46 arbitrary units) rhythm
with a period of 101.1 days (0.001), as well as by short-
term (transient) rhythms with the periods of 21.0 (0.001),
34.4 (0.001), and 50.9 (0.015) days. These rhythms peaked
in the middle of the dry season (May—August). The humidity
showed a stable rhythm with the period of 83.1 days (0.001)
and the peak during the entire dry season. The relationship
between the POD and weather factors in the subtropical cli-
mate zone was moderately positive: POD/T (r=0.627), POD/P
(r=0.489), and POD/¢p (r=0.351).

DISCUSSION

An analysis of the chronobiological features of POD var-
iations has revealed that the annual POD rhythm in the sub-
arctic climate zone is modulated by transient, intra-annual
weather patterns. These factors contribute differently to the
resulting POD by season. Over time, the transient rhythms of
POD, air temperature, and humidity coincide, primarily in the
winter. In the summer, however, POD depends more on the
short-period transient rhythms of atmospheric pressure. The
intra-annual range of the parameters is quite high (c,=5.22%
compared with 2.7% in Moscow [15]). An analysis of POD var-
iations throughout the year reveals stable seasonal changes
in the subarctic climate zone, such as hyperoxia in winter and
hyperthermic hypoxia in summer.

In the subtropical climate zone, a rigid rhythm of POD
changes (c,=2.39%) with a low mesor is observed. This sug-
gests an unfavorable, oxygen-based weather type, which can
be caused by stable, low-amplitude weather patterns [12].
The higher POD (rhythm with a period of 23.2 days) in May
to June of the dry season is caused by short-term varia-
tions in atmospheric pressure. The subtropical climate zone

17816/humecobs3LL7
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Table 2. Average annual values, amplitude of fluctuations and coefficient of variation of temperature, atmospheric pressure, relative humidity, partial

oxygen density in the cities of Khanty-Mansiysk and Polokwane

Parameters Mim A c,
Khanty-Mansiysk
Temperature (°C) 0,84+13,86 192,74 1641,15
Atmospheric pressure (mmHg) 1012,34+10,16 1024936,77 1,00
Relative humidity (%) 77,75£10,31 6151,88 13,27
Partial oxygen density (g/m°) 283,24+14,79 80445,13 5,22
Polokwane
Temperature (°C) 17,774,36 334,77 24,52
Atmospheric pressure (mmHg) 1021,29+4,24 1043051,72 0,41
Relative humidity (%) 63,28+14,41 4212,23 22,77
Partial oxygen density (g/m°) 274,22+6,55 1523127 2,39

Note. M — average level; m — standard error; A — oscillation amplitude (conventional units); c,— variation coefficient (%).

Fig. 1. Dynamics of the partial oxygen density in Khanty-Mansiysk and Polokwane: the abscissa axis is the value of the partial oxygen density (g/m?),

the ordinate axis is months and seasons.

is characterized by hypoxia throughout the year, with a slight
increase in POD during the dry season.

Transient seasonal rhythms predominate in the north,
whereas stable, low-amplitude rhythms predominate in the
south throughout the year. This results in rigid subtropical
and apparent seasonal subarctic POD rhythms.

From a clinical point of view, a quantitative classification
of weather conditions includes three oxygen-based types of
weather: positive, with POD of approximately 2855 g/m?; con-
ditionally negative, with POD of 270-280 g/m?, and negative,
with POD of less than 270 g/m® [19]. A medical weather clas-
sification proposed by Grigoryev [12, 18] categorizes weather
types as requiring either intensified (POD = 289-260 g/m?)
or intensive (POD <260 g/m3) medical monitoring, as op-
posed to the very positive type (POD >315 g/m3). This

DOl https://doiorg/1017816/hurmecob43447

classification is based solely on these factors, with no con-
sideration given to the effects of higher POD (hyperoxia),
as mentioned by some authors [15].

Oxygen is essential for life. However, like any medicine,
it has both positive and toxic biological effects. The patho-
physiology of hyperoxia is associated with higher levels of
reactive oxygen species (ROS), which can easily react with
surrounding biological tissues, affecting lipids, proteins, and
nucleic acids. Hyperoxia may impair antioxidant protection.
ROS cause oxidative stress. An activated alveolar capillary
endothelium is characterized by increased adhesiveness.
This leads to the accumulation of cell populations, such as
neutrophils, which produce ROS. Higher ROS levels cause
hyperpermeability, coagulopathy, collagen deposition, and
other irreversible alveolar changes [22].
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Zhuravlev [23] hypothesized that physical factors pri-
marily act by influencing free radical processes. The author
classified all factors by the process of free radical genera-
tion into three main groups: 1) factors initiating free radical
oxidation: ionizing radiation, ultraviolet rays, ultrasound,
and higher POD (oxygen therapy); 2) factors inhibiting free
radical oxidation: peloid therapy, hydrogen sulfide baths,
and lower POD; 3) factors indirectly affecting free radical
oxidation: various currents, visible and infrared radiation,
microwaves, etc. [24].

The increased use of prolonged mechanical ventilation
and hyperbaric oxygen therapy in anesthesiology and inten-
sive care has made hyperoxia an urgent clinical concern.
Even now, nearly 240 years after the discovery of oxygen,
the medically safe upper limits and duration of high-fraction
inspired oxygen remain unclear [25, 26].

Recently, hyperoxia has been used in hypoxic/hyperoxic
training in sports [27] and clinical [28] practice. The effective-
ness of this training is enhanced by alternating short periods
of low oxygen with high oxygen pulses (exposure to a gas
mixture containing 30% O, for 2-3 minutes) [29].

However, the dose—effect problem, considered one of
the most critical aspects of free radical processes, remains
largely unsolved. Levels of ROS and the antioxidant/prooxi-
dant ratio can be used to objectively evaluate the impact of
oxygen and other physical factors [30].

CONCLUSION

In the subarctic climate zone, the POD rhythm through-
out the year is modulated by intra-annual transient rhythms
of weather patterns, and these effects on POD vary from
season to season. Over time, the transient rhythms of POD,
air temperature, and humidity coincide, primarily in the
winter. In the summer, however, POD depends more on
the short-period transient rhythms of atmospheric pres-
sure. The population of Khanty-Mansiysk is exposed to
a changed gas environment throughout the year. Hyperoxia
is observed for five months: November, December, Janu-
ary, February, and March. Normoxia is observed in April,
May, and June (the spring component) and in September
and October (the autumn component). Hyperthermic hypoxia
is observed in July and August.

In the subtropical climate zone, stable, low-amplitude
rhythms of weather patterns largely explain the detection of
arigid POD rhythm with a low mesor (coefficient of variation:
2.3%). The population of the Limpopo province experiences
slightly different POD conditions during the dry season (May
to September). However, according to the medical weather
classification, hypoxia requires intensified medical monitor-
ing during the wet season (November to May).

In the context of mathematical data processing, aperiodic
components in weather pattern changes should be consid-
ered. To address this necessity, it is crucial to use meth-
odologies that estimate temporal variations in the spectral
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structure of time series. In addition, it is recommended to use
specific terms such as hyperoxic day and hyperoxic weather
type to supplement medical weather classifications.
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[0MNOJIHUTE/IbHAA UHOOPMALIUA

Bxnap aBtopoB. 0.H. Paro3vH — cyLLecTBEHHbIM BKIAZ, B KOHLIEMLMIO U An-
3aliH UCCeoBaHWsA, pefiaKTUPOBaHYE 1 OKOHYATENBHOE YTBEPX/EHME PYKO-
nncy; U.B Papbil — pepaKTvpoBaHue 1 OKOHYaTeNbHOE YTBEPXKAEHME PYKO-
nvey; J1. MyTano — aHanm3 aanHbix; E.O. LanamoBa — noarotoBka nepeoro
BapuaHTa cTatbu; A.b. [yKOB — pefaKTUPOBaHWe NEpBOro BapuaHTa CTaTbyf;
3.P. ParoavHa — Habop nepBuyHoro Matepuana; W.A. ToroHsilleBa — aHa-
JU3 [aHHbIX. Bce aBTOpbI MOATBEPKAAKOT COOTBETCTBME CBOETO aBTOPCTBA
MeXayHapoaHbIM Kputepuam ICMJE (Bce aBTOpbl BHECM CYLLECTBEHHbI
BK/IaL, B Pa3paboTKy KOHLIENLWMW, NpOBEAEHWE UCCNE0BaHNS U MOATOTOBKY
CTaTby, MPOYIN 1 0f00pMNM UHaNbHYID BEPCUI0 Nepef NybnuKaumen).
ITHueckan akcnepTusa. [lpoBefeHne UCCNeoBaHWsA 0A00PEHO NoKamb-
HbIM 3TUYECKUM KOMMUTETOM XaHTbl-MaHCWICKOI rocyaapcTBeHHOM Mean-
LIMHCKO aKkagemum (3akiodenve N 214 ot 15 okTabps 2024 r.).
WUcTtounukmn dpuHancuposanusa. OTcyTCTBYHOT.

PackpbiThe uHTepecoB. ABTOPLI 3aABAAIOT 06 OTCYTCTBUM OTHOLLIEHWI, fie-
ATENbHOCTV W MHTEPECOB 3a MOCNeHWE TPW rofa, CBA3aHHbIX C TPETbUMM
MUaMm1 (KOMMEPYECKUMM 1 HEKOMMEPYECKVMM), MHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

OpuruHanbHocTb. [1py CO3aaHMM HacTosLLEN paboTsl aBTOPbI He UCMOMb-
30Banv paHee onybiMKOBaHHbIe CBEAEHMSs (TEKCT, AMIOCTPaLWMY, AaHHbIE).
HocTyn K paHHbIM. Pe[jakLMOHHas NOSMTUKA B OTHOLLEHWW COBMECTHOTO
MCMONb30BaHUs AaHHbIX K HAacTosLLEeM paboTe He MpUMeHWUMa, HoBble AaH-
Hble He cobupany 1 He co3aaBanu.

leHepaTUBHbIA UCKYCCTBEHHbIA MHTENNEKT. [1py1 CO34aHMM HACTOALLEN
CTaTby TEXHOMOMM FeHEPaTVBHOIO UCKYCCTBEHHOTO MHTESINEKTA He MCTIoMb-
30Ba.

PaccMotpenue u peueHsupoBanue. Hactosias paboTa nogaHa B xyp-
Han B MHWLMATUBHOM MOPAAKE W PaccMOTpeHa no 06bI4HOM MpoLemype.
B peLieH3vpoBaHUy y4acTBOBaM [Ba BHELLUHMX PELIEH3eHTa, YieH pefaK-
LIOHHOM KOMNErnn 1 HayYHbIA PefaKTop M3haHus.
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