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In this paper results of the complex analysis of surface air temperature tendencies
investigations at the Ukrainian Antarctic Akademik Vernadsky station are represented.
Antarctica is a region that has a high rate of surface air temperature increase. The Antarctic
Peninsula has experienced particularly fast warming, which has the highest temperature
rise in the Southern Hemisphere. Therefore, in Antarctica, the study of surface air tem-
perature change is important.

The Ukrainian Antarctic Akademik Vernadsky station islocated on Galindez Island near
the Antarctic Peninsula. Investigation of the surface air temperature is especially relevant
to the Akademik Vernadsky station, because it has difficult conditions for its formation. The
research goal is the estimation of tendencies, homogeneity and stationarity of the annual
and mean monthly values of surface air temperature at the Ukrainian Antarctic Akademik
Vernadsky station based on a combined approach with the use of several statistical and
graphical methods. The use of various statistical methods that differ in characteristics
(sensitivity to the law of distribution, autocorrelation, etc.) allows obtaining more reliable
estimates. Graphic methods give an opportunity to analyze the tendencies over time and
its change periods, the cyclical fluctuations and their characteristics (phases of increase
and decrease, their duration, synchronicity, in-phase). Therefore, 4 statistical tests (stan-
dard normal Alexandersson test, Buishand test, Pettitt test, von Neumann relation) and 2
graphical methods (mass curve and residual mass curve) were used in the study.

At the Ukrainian Antarctic Akademik Vernadsky station, the observation series of the
mean annual air temperature are quasi-homogeneous and quasi-stationary, as it has only
a cooling phase and a warming phase of long-term cyclical fluctuations, which are also
unfinished. The transition from the cooling phase to the warming phase took place in
1982. Tendencies in mean monthly air temperatures are similar to tendencies in mean
annual temperatures. The differences are only for some months, namely, for the period
from September to December.

Key words: air temperature, cyclical fluctuations, stationarity, homogeneity, Antarctica,
statistical tests, graphic methods.
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Introduction. In Antarctica, the research of
surface air temperature change is important
because its tendencies directly affect change
of the area and mass of the glacier [Franzke,
2013; Chernov et al., 2021]. In turn, increasing
or decreasing the ice cover directly affects the
global circulation of the atmosphere and the
level of the world's oceans [Turner et al., 2016;
Diener et al., 2021]. Antarctica is aregion that
has a high rate of surface air temperature in-
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crease. The Antarctic Peninsula has experi-
enced particularly rapid warming [Barrand
etal., 2013; Cape et al., 2015]. The Ukrainian
Antarctic Akademik Vernadsky station is lo-
cated on Galindez Island near western coast
the Antarctic Peninsula. Observation series
from this station are used in many research
to analysis of surface air temperature trends
[Martazinova et al., 2010; Franzke, 2013;
Tymofeyev, 2013; Gonzalez, Fortuny, 2018;

183



L. GORBACHOVA, B. KHRYSTIUK, V. SHPYG, D. PISHNIAK

Turner et al., 2020]. At the same time, with
the lengthening of the observation series
over time and equipment replacement, etc.,
there is a need to analyze their homogene-
ity and stationarity. On the Akademik Ver-
nadsky station for the surface air temperature
such analysis is especially relevant, because
its has difficult conditions for its formation
[Martazinova et al., 2010; Tymofeyev, 2013].
In addition, the analysis of the homogeneity
and stationarity of the observation series is
an extremely important step of any study, as
the choice of further methods and directions
of research depends on the results obtained
[WMO, 1990, 2018; Yozgatligil, Yazici, 2016;
Gorbachova et al., 2018]. The presence of in-
homogeneity in the series may be due to both
natural and methodological reasons (reloca-
tion of the observation gauges, change in the
number or time of observations, replacement
of devices, etc.) [WMO, 1990]. In addition,
such research is very relevant in view of cli-
mate change, which also can cause a breach
of the homogeneity and stationarity of obser-
vation series [McCarl et al., 2008; Jaiswal et
al., 2015; Yozgatligil, Yazici, 2016; Hamdi et
al., 2018]. To obtain reliable results it is very
important to apply an integrated approach
based on the use of different methods [Gorba-
chova, Bauzha, 2013; WMO, 2018; Zabolotnia
et al., 2022].

This study based on a combined approach
is used, which consists in the use of several
statistical and graphical methods the ten-
dencies, homogeneity and stationarity of air
temperature in the Ukrainian Antarctic Aka-
demik Vernadsky station during 1951—2020
examines. This approach has not been used
in research before.

The study area. The Ukrainian Antarc-
tic station Akademik Vernadsky (until 1996
it was the Faraday station, Great Britain) is
located off the western coast of the Antarc-
tic Peninsula on Galindez Island, Argentine
Islands Archipelago (Fig. 1). In the area of
the Akademik Vernadsky station, the me-
ridional orientation of the coastline largely
determines the regime of air flows (along the
coast). At the same time, the mountain sys-
tem of the Antarctic Peninsula, which has an
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average plateau height of up to 2000 m above
the sea level (the height of individual island
peaks reaches 2800 m) forms the foehn wind
[King, Tuner 1997]. Cooling of the air over
the ice cover forms the local scale winds. All
these processes have a significant effect on
the air temperature regime at the Akademik
Vernadsky station [Martazinova et al., 2010;
Tymofeyev, 2013].

The Galindez Island has the marine sub-
arctic climate type [King, Tuner, 1997, Fran-
zke 2013]. In the Akademik Vernadsky station
area the short snowfalls and snowstorms are
often observing. Anticyclones are observed
rare and case the calm frosty weather, some-
times with fog [King, Tuner, 1997].

For the period 1951—2020 on the Aka-
demik Vernadsky station January was the
warmest month of the year with a multi-
annual mean monthly temperature +0.8 °C,
August was the coldest month of the year
with a multi-annual mean monthly tempera-
ture —8.7 °C. In the February was observed
the highest mean monthly air temperature is
+2.4 °C and in the July was observed the low-
est mean monthly air temperature is —20.1 °C
[Khrystiuk et al., 2022].

Methodology and data. The first stage of
the research is to check the air temperature
observation series on the absence of observa-
tion gaps and gross (mechanical) errors. The
air temperatures observation series were also
tested for emissions that exceeded four stan-
dard deviations from the mean daily air tem-
perature. Such procedures control the quality
of observation data.

To assess the homogeneity and stationarity
of surface air temperature series, a combined
approach is used, which consists in the use
of several statistical and graphical methods.
The use of different statistical methods that
differ in characteristics (sensitivity to the law
of distribution, autocorrelation, etc.) allows
to obtain more reliable estimates [WMO,
1990; Gorbachova, 2014; Gorbachova et al.,
2018]. Graphic methods allow an opportu-
nity to analyze the tendencies over time and
its change periods, the cyclical fluctuations
and their characteristics (phases of increase
and decrease, their duration, synchronicity,
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Fig. 1. Location of the Ukrainian Antarctic Akademik Vernadsky station.

in-phase) [Gorbachova, 2016; WMO, 2018].

Among the statistical tests four were se-
lected for the research. They are most often
used to assess the homogeneity of obser-
vation series and are recommended by the
WMO guidelines [WMO, 1990, 2018]:
standard normal Alexandersson test;
Buishand test;

Pettitt test;

e von Neumann relation.

The stationarity of time series indicates
that their statistical characteristics (mean,
variance) do not change over time. There is
no time trend in the stationary series.

In the investigation of establishing the
trend equation in the time series, as well as
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the correlation coefficient between variables
was determined by the Pearson method. Es-
timation of trend statistical significance was
carried out the using of nonparametric Mann-
Kendall test [WMO, 2018].

Statistical processing of observation series
were carried out in the software R language.
In this case, RStudio version 1.4.1717 was used
with following functions: pettitt.test, br.test,
snh.test, VonNeumannTest, MannKendall,
gml, cor.test [R Core Team, 2017].

Graphic analysis of homogeneity and sta-
tionarity assessment of observation series is
based on the use of methods that have be-
come widely used in hydrometeorological
research. Such methods include a variety of
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correlation plots, frequencies, histograms,
mass curve, double mass curve, residual mass
curve, chronological graphs, etc. [WMO,
1990; Gorbachova, 2016]. Many research-
ers prefer the mass curve analysis, double
mass analysis, as well as residual mass curve
[Gorbachova, 2016]. The development and
application of these methods in hydrome-
teorological research began at the end of the
19th century. In 1883, W. Rippl published his
research to determine the optimal capacity
of the reservoir and, accordingly, the «ideal»
height of the dam, in which he invented the
method of mass curve and residual mass curve
[Rippl, 1883]. Later, Schoklitch A. (1923) and
Novotny J. (1925) developed methodological
knowledge about these methods [Klemes,
1987]. During a research of precipitation time
series and river runoff, the American scientist
Merriam C. invented the method of double
mass curve in 1937 [Merriam, 1937]. During
the XX century, the main methodological ap-
proaches to the application of the mass curve,
double mass curve and residual mass curve
methods were developed by such scientists
as Kohler M., Weiss L. & Wilson W., Searcy, J.
& Hardison C., Ehlert K. et al. [Kohler, 1949;
Weiss & Wilson, 1953; Searcy & Hardison,
1960; Ehlert, 1972]. Modern methodological
approaches to assessing the homogeneity
and stationarity of observation series using
graphical methods developed by Gorbacho-
va L. [Gorbachova et al., 2018; Gorbachova,
2014, 2016, 2017%; Zabolotnia et al., 2019]. Two
graphical methods were used in this research,
namely the mass curve and the residual mass
curve.

According to the mass curve, the cumula-
tive values of the hydrometeorological char-

acteristic under constant conditions of its
formation approach the graph in the form of
a straight line, the slope of which relative to
the abscissa axis is constant over time. The
deviation of the hydrometeorological charac-
teristic from the straight line on the graph is
an indicator of its changes and, accordingly,
changes in the conditions of its formation
[Gorbachova, 2017]. Short- and long-term
cyclic fluctuations can be investigated by the
residual mass curve [Andreyanov, 1959; Gor-
bachova, 2017]. The residual mass curve is a
graph of successively accumulated deviations
of a hydrometeorological value from its spe-
cific initial value, for example, an arithmetic
mean, depending on time or dates.

The database of the State Institution «Na-
tional Antarctic Research Center» of the Min-
istry of Education and Science of Ukraine to
assess the homogeneity and stationary annual
and mean monthly values of surface air tem-
peratures for the period 1951—2020 was used.

Results and discussion. During the 70-
year observation period, in the observation
series for air temperature the gross errors or
significant emissions were not detected. The
coldest year was 1959 with a mean annual air
temperature of —8.10 °C, and the warmest year
was 1989 with a mean annual air temperature
of-1.20 °C. The multi-annual mean annual air
temperature is -3.6 °C.

Analysis of the application of four statis-
tical tests to assess the homogeneity of the
mean annual values of surface air temperature
to the station Academician Vernadsky showed
that all four tests indicate the heterogeneity
of the series, because the values of statistics
exceed the critical values (Table 1). Distur-
bance of homogeneity occurred in 1982. For

Table 1. The results of checking homogeneity of mean annual surface air temperature
observation data on the Akademik Vernadsky station, 1951 —2020

Test The value of statistics Yearhoofncii)s;;;t;??;e of p-value
Alexandersson 24,5 1982 <0,0001
Buishand 2,47 1982 <0,0001
Pettitt 840 1982 <0,0001

von Neumann 0,80 — <0,0001
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Fig. 2 Mean annual values of surface air temperature on the Akademik Vernadsky station, 1951—2020.

the period 1951—1982 the average value of
air temperature is —4.6 °C, and for the period
1983—2020 is —2.8 °C (Fig. 2).

Statistical tests also unequivocally indicate
a disturbance of the homogeneity of the series
of mean monthly values of surface air tem-
perature in February (1970) and June (1981)
(Table 2, Fig. 3). In other months of the year
there is no unambiguous assessment of ho-
mogeneity, because tests indicate different
years of homogeneity disturbance or the cal-
culated values of the criteria do not exceed
the critical.

The Mann-Kendell statistical test was used
to assess the stationarity of observation series.
Analysis of the results showed that in all series
of surface air temperatures revealed statisti-
cally significant trends at a significance level
of 1 % except for the series of mean monthly
temperatures for September-December (Ta-
ble 3).

Thus, when assessing the homogeneity
and stationarity of the mean monthly surface
air temperature according to statistical tests,
there are difficulties with interpreting the re-
sults. Therefore, for a clearer understanding
and confirmation of the results of statistical
tests the graphical methods of the assessment
of the homogeneity and stationarity of obser-
vation series were used.

The constructed mass curve of the mean
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annual surface air temperature at the Aka-
demik Vernadsky station for the period
1951—2020 showed that the mass values of
the mean annual air temperature deviate from
the straight line and seem to form a view of
arc, then cross the straight line and form an
arc again (Fig. 4, a). Such view of mass curve
indicates the absence of a one-way steady
tendency. Thus, the appearance of the mass
curve indicates that the observation series
have an inflection point, after which the ten-
dency of the mean annual air temperature
changes. The analysis of the residual mass
curve showed that in 1982 there was a transi-
tion from the phase of decrease (cooling) of
the mean annual air temperature to the phase
of its increase (warming), which continues un-
til now and the end of which cannot be pre-
dicted (Fig. 4, b).

As noted in the papers of Andreyanov V.
[1959], Gorbachova L.O. [2017] the different
phases of cyclic fluctuations have different
characteristics: in the phase of increase the
values are much larger than the values ob-
served in the phase of decrease. As a result,
these phases of cyclic fluctuations have a sig-
nificant difference in the mean values. This
means that according to statistical tests, such
a series will be classified as inhomogeneous
(see Table 1). Therefore, the presence in the
observation series of the mean annual surface
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Table 2. The results of checking homogeneity of mean monthly surface air temperature

observation data on the Akademik Vernadsky station, 1951 —2020

Results of test

Alexandersson test

Buishand test | Pettitt test

von Neumann relation

January
Year of homogeneity disturbance 1970 1982 1982 —
The value of statistics 18,04 2,06 691 1,58
[p-value 0,0002 0,0014 0,0005 <0,0001
February
Year of homogeneity disturbance 1970 1970 1970 —
The value of statistics 19,64 2,00 644 1,47
lp-value <0,0001 0,0017 0,0016 <0,0001
March
Year of homogeneity disturbance 1970 1970 1981 —
The value of statistics 15,76 1,84 589 1,58
lp-value 0,0014 0,0083 0,0050 <0,0001
April
Year of homogeneity disturbance 1960 1970 1993 —
The value of statistics 14,00 1,68 434 1,35
lp-value 0,0040 0,0280 0,0777 <0,0001
May
Year of homogeneity disturbance 1960 1981 1981 —
The value of statistics 20,20 2,08 843 1,01
lp-value 0,0001 0,0012 <0,0001 <0,0001
June
Year of homogeneity disturbance 1981 1981 1981 —
The value of statistics 18,69 2,15 755 1,20
lp-value 0,0002 0,0006 0,0001 <0,0001
July
Year of homogeneity disturbance 1987 1987 1982 —
The value of statistics 16,31 2,02 678 1,18
lp-value 0,0006 0,0023 0,0007 <0,0001
August
Year of homogeneity disturbance 1981 1982 1982 —
The value of statistics 18,99 2,24 730 1,21
lp-value 0,0002 0,0003 0,0002 <0,0001
September
Year of homogeneity disturbance 1987 1987 1987 —
The value of statistics 7,595 1,38 442 1,71
[p-value 0,1019 0,1600 0,0688 <0,0001
October
Year of homogeneity disturbance 1994 1994 1994 —
The value of statistics 10,73 1,59 513 1,72
lp-value 0,0192 0,0476 0,0214 <0,0001
November
Year of homogeneity disturbance 1982 1982 1982 —
The value of statistics 6,25 1,41 375 1,69
p-value 0,1870 0,1366 0,1769 <0,0001
December
Year of homogeneity disturbance 1962 1968 1968 —
The value of statistics 9,63 1,83 437 1,83
p-value 0,0338 0,0089 0,0743 0,0004
188 TI'eogpusuueckuli xypraar Ne 4, T. 44, 2022
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Fig. 3. Mean monthly surface air temperatures for individual months on the Akademik Vernadsky station, 1951—
2020.
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Fig. 4. Mass curve (a) and residual mass curve (b) of the mean annual surface air temperature on the Akademik
Vernadsky station, 1951—2020.

air temperature only the cooling phase and forms to sinuous type of the mass curve with
the warming phase of cyclic fluctuations and an oscillating deviation of the mass values
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Table 3. The checking results of surface air temperature series for stationarity according
to the Mann-Kendell test, Academician Vernadsky station, 1951 —2020

Surface air . Correlation . .SFatistical
temperature Trend equation coefficient T p-value mgmfl(;:lri:g of the

Mean annual y=0,045x-92,65 0,60 0,409 <0,0001 yes
January y=0,019x-36,91 0,45 0,286 0,0006 yes
February y=0,022x-43,00 0,46 0,304 0,0003 yes
March y=0,024x-48,84 0,45 0,309 0,0002 yes
April y=0,043x—87,97 0,39 0,230 0,0053 yes
May y=0,068x—138,48 0,54 0,414 <0,0001 yes
June y=0,083x-171,28 0,55 0,391 <0,0001 yes
July y=0,100x-206,36 0,46 0,301 0,0003 yes
August y=0,085x—1%7,37 0,49 0,330 <0,0001 yes

September y=0,042x-91,31 0,29 0,185 0,0243 no

October y=0,029x—62,42 0,31 0,210 0,0107 no
November y=0,012x-26,25 0,22 0,133 0,1098 no
December y=0,007x-13,89 0,22 0,124 0,1391 no

from the straight line. Given this, such a se-
ries can be classified as quasi-homogeneous.

At the same time, the beginning of the
cooling phase cannot be clearly determined
from the residual mass curve of the mean an-
nual air temperature, as observations began
when this phase was already underway. Simi-
larly, it is impossible to determine the end of
the warming phase, which continues to this
day. Therefore, this observation series is not
representative for the determination of sus-
tainable mean value, namely the norm [An-
dreyanov, 1959]. An example of changing the
mean value of observation series depending
on the presence or absence of a representa-
tive period (phases of increase and decrease)
is shown in paper Gorbachova L. [2015]. Note
that since the observation series of the mean
annual air temperature still has phases of
cooling and warming, although they are in-
complete, it can be attributed to quasi-sta-
tionary. That is why it is important for such a
series to repeat the research periodically. In
addition, there is the question of determining
the climatic norm of air temperature, which
is now according to the recommendations of
the WMO [1990, 2018] is determined for a
30-year period that does not take into account
long-term cyclical fluctuations.

Tendencies of mean monthly surface air
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temperature are similar to tendency to mean
annual surface air temperature (Fig. 5). The
differences are only for some months, namely
for the period from September to December.
For these months, the mass values of the
mean monthly air temperature are close in
appearance to a straight line, although they
are also slightly deviate from it and even cross
it (Fig. 5, a). This type of total curves is due
to the presence of short full cycles of fluctua-
tions, which are clearly traced in the cooling
phase (Fig. 5, b).

Conclusion. For the period 1951—2020 on
the Akademik Vernadsky station the observa-
tion series of the mean annual surface air tem-
perature are quasi-homogeneous and quasi-
stationary, as it has only a cooling phase and a
warming phase of long-term cyclical fluctua-
tions, which are also incomplete. According
to the analysis of the residual mass curve, the
transition from the cooling phase to the warm-
ing phase took place in 1982. This is in good
agreement with the analysis of three statisti-
cal tests, which clearly indicate a disturbance
of the homogeneity of observation series of
the mean annual surface air temperature in
1982. This disturbance of homogeneity is due
to the comparison of different phases of cycli-
cal fluctuations (cooling and warming), which
have different statistical characteristics.
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Fig. 5. Mass curves (a) and residual mass curve (b) of the mean monthly surface air temperature for individual
months on the Akademik Vernadsky station, 1951—2020.

Tendencies of the mean monthly surface
air temperature are similar to the tendency
in mean annual temperature. The differenc-
es are only for some months, namely for the
period from September to December. These
months are characterized by the presence of
short complete cycles of fluctuations, which
are clearly visible in the cooling phase. This
makes it difficult to determine the homogene-
ity of such series according to statistical tests.

The use of a complex analysis of surface air
temperature with using statistical and graphi-
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O1iHIOBaHHSI TEHAEHIIil, OAHOPiAHOCTI Ta CTaliOHapPHOCTI
TeMIlepaTypHu MOBIiTPSI Ha YKPalHChKiNl aHTapKTUYHIN CTaHILil
«AxkapeMik BepHapcbKuii» nporsarom 1951 —2020 pp.

A. T opﬁaqosal, b. XpﬂCTfOK’, B. IUHI/II", A. HiIHH}IK2, 2022

1YKpaiHCBK1/H71 TiAPOMETEOPOAOTTYHUY IHCTUTYT, KuiB, YKpaiHa
ZHaHiOHaABHI/If/i QHTApKTUYHWUU HAYKOBUU I1eHTP, Kuis, YKpaiHa

Y miyi npani npeACTaBACHO Pe3yABTAaTH KOMIAEKCHOTO @aHAAI3y TEHAEHIIIN MPU3EMHOL
TeMIlepaTypy HOBIiTPS Ha YKPAIHCHKIN aHTAaPKTUYHIN CTaHIIIl « AKapAeMiK BepHaACBKU».
AHTapKTHUAQA € PETIOHOM, Y SKOMY CIIOCTEPIraeThCs BUCOKA IIIBUAKICTE ITIABUIIEHHS IPU-
3eMHOI TeMIIlepaTypu HOBIiTpsA. OCOOAMBO CTPIMKOTIO IIOTENAIHHA 3a3HaB AHTAPKTUYHUU
MiBOCTPIB, Ha IKOMY CIIOCTEPITaEThCSA HaUOIABIIE MIABUIIEHHS TEMIEPATypPH MOBITPS ¥
IMiBpenHIN miBKyAl. OTKe, B AHTapKTHAL AOCAIAKEHHS 3MiHU IPU3EMHOI TeEMIIEPATypPHU

HOBiTpH Ma€ Ba>KAMB€e 3HAYEHH.
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L. GORBACHOVA, B. KHRYSTIUK, V. SHPYG, D. PISHNIAK

YKpaiHChKa aHTapKTUYHAa CTaHIIis « AKapeMik BepHaAChKUl» po3TallloBaHa Ha OCTPOBI
laninpe3 ToOAM3y AHTAPKTUYHOTO IIiBOCTPOBA. AOCAIAKEHHS IPU3eMHOI TeMIlepaTypHu
IIOBITPS € OCODAUBO aKTyYaAbHUM caMe AAS CTaHINl « AKapeMik BepHapACBKUM», OCKiAb-
KM BOHA Ma€ CKAGAHI yMOBU POPMYBaHH:A. MeTa AOCAIAKEHb — OIIHIOBAHHSI TeHAEH-
11i#1, OAHOPIAHOCTI Ta CTaIlioHAPHOCTI PiYHUX i CepeAHbOMICIUHUX 3HaUeHb IIPU3EMHO1
TeMIlepaTypH IOBITPS Ha OCHOBI KOMOIHOBAHOTO IiAXOAY 3 BUKOPUCTAHHAM AEKIABKOX
CTaTUCTUYHUX Ta rpadivHUX METOAIB Ha YKPAIHCHKI¥ aHTapKTUYHIM CTaHIil « AKapeMik
BepHaachkuiiy. BUKOpHCTaHHSA PI3HUX CTATUCTUYHUX METOAIB, K1 Pi3HATHCS 3a XapaKTe-
PHUCTUKaAMU (YYTAUBICTH AO 3aKOHY PO3IOAIAY, @BTOKOPEASIIiMHIX 3B'43KiB Ta iH.) Aa€ 3MO-
I'y OTPUMATHU AOCTOBIPHIilIi OniHKY. ['padiuHi MeTOAU HapaOTh MOKAUBICTD IIPOCTEKUTHA
TeHAEHIII1 3 YacoM Ta iAeHTH(QIKyBaTy ITepioAr 3MiH, IpOaHaAi3yBaTH ITUKAIYHI KOAMBAHHSA
Ta IXHi XapaKTepucTuku (asu MABUIEHHS i 3HUKEHHS, TX TPUBaAICTh, CHHXPOHHICTD,
cruH@a3HicTh). OTKe, AAT AOCAIAKEHHS BUKOPUCTAHO 4 CTaTUCTUYHI TeCTH (CTaHAAPTHUYU
HOPMaAbBHUMN TeCT AAEKCAHAEPCCOHQ, TecT Byimanaa, TecT IleTTiTTa, BizHOMIEeHHS QOH
Hetimana) Ta 2 rpadiuti MeToAM (CyMapHa KpUBa i iHTerpaabHa KpHUBa BiAXMAEHB).

Ha YkpaiHCBKit aHTapKTUUHIM cTaHIli1 « AKapeMik BepHaaAChKUM» Psip CIIOCTepesKeHb
33 CepeAHBbOIO PIYHOIO TEMIIEPATYPOXO IIOBITPS € KBa3iOAHOPIAHUM I KBa3iCTallioHapHUM,
OCKIABKM BIH Ma€ TiABKM (Da3y IIOXOAOAAHHS 1 a3y MOTENAIHHS TPUBAAUX [UKAIUHUX
KOAUBAaHB, 4Ki € I1le i He3aBepllleHUMU. [lepexia Bip da3u MOXOA0OAQHHSA A0 a3y IoTe-
IAiHHA BipAOyBca v 1982 p. TeHAeHIIIT cepepHiX MiCIYHUX TeMIlepaTyp HOBITPS MOAIOHI
AO TEHAEHIIIM cepepAHbO] piuHOI TeMIlepaTypu. BiAMiHHOCTI € TIABKU AAST A€SIKUX MiCAIIIB,
a came AN IepioAy 3 BepecHs 110 TPYAEHD.

KA040Bi croBa: TeMIlepaTypa MOBITPS, IUKAIUHI KOAUBAHHS, CTalliOHAPHICTh, OAHO-
pPiAHICTB, AHTAapPKTHUAQ, CTATUCTUYHI T€CTH, IpadiuyHi MeTOAU.
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