J1é0 u CHee - 2012 - Ne4 (120)

YOK 551.321.4

Snow temperature measurements at Vostok station from an autonomous recording
system (TAUTO): preliminary results from the first year operation
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Temperature gradients in the upper layers of the snow pack are of importance for studying the emissivity
properties of the snow surface with respect to microwaves used in remote sensing as well as for the heat and
mass transfer in snow thickness. Gradients drive the initial snow microstructure metamorphisms that probably
influence the firn properties in regard to air molecules fractionation and the air bubble enclosure process at
close-off depths. As a contribution to investigation of these problems and following J.-M. Barnola initiative, we
developed an autonomous recording system to monitor the temperature of the upper layers of the snow pack.
The instrument was built to be autonomous and to be continuously operating within environmental conditions
of the Antarctic plateau and the polar night. The apparatus which monitors temperature from the first 10 m of
snow by 15 sensors of a «temperature grape» was set at Vostok station during 55™ Russian Antarctic Expedition
within the frame of the French Russian collaboration (GDRI Vostok). From the available hourly measurements over
the first year, we present preliminary results on the thermal diffusive properties of the snow pack as well as some

character of the temperature variations on the Antarctic plateau.

Introduction

Polar ice core provide a wealth of information on climate
and on its dynamics over period of time encompassing by now
the last 0.8 million years [6]. The most salient result from the
ice core studies is the close correlation between temperature
and greenhouse gases (CO,, methane) firstly observed from
the Vostok ice core over one then four climate cycles [2, 17].
This correlation is now extended over the last 0.8 million years
[13, 21], and the information that present-day greenhouse gas
levels are unprecedented high had a large impact on several
IPCC assessments on Global Climate Change [10].

While climate proxies (e.g. water isotopes, chemical
elements, dust...) are imprinting the upper snow layers at a
given time, gases are entrapped in air bubbles 50 to 120 m
below surface at the close off depth and within layers 1000
to 6000 year older. The depth and age difference estima-
tions are very challenging as they depend on densification
processes which are variable with site temperature and
accumulation [9, 15, 19] but also from various factors.
Among observations, the ice core records of O,/N, ratio
and the air volume contains signal variability at orbital fre-
quencies [3, 18] suggesting the firn properties in depth may
keep memory from solar radiation in initial stage of meta-
morphosis of upper snow layers [12]. Surface snow layers
are very porous and are subject to metamorphosis due to
combined effects of solar radiation, weather conditions and

strong daily temperature gradients. Transfers of heat, water
vapor and gases are intense and they contribute to firn
ageing and post-depositional effects with fractionation of
water isotopes [4, 5, 11], the photolysis of chemical ele-
ments as nitrates within the very upper layers [7], and the
gravitational fractionation of gases in depth [20].

Temperature and properties of the upper snow layers
are also of importance with respect to the remote sensing
observations of Polar Regions, for interpreting the bright-
ness temperature time-series which are acquired routinely
by passive microwave [16]. Of interest is the 19 GHz
brightness temperature which is sensitive to snow temper-
ature at depth, up to a few meters [22] but also from the
microwave penetration depth which is unknown. In this
respect, in-situ temperature measurements for the upper
layers at a site represent a «field truth» and will help for
modeling the emissive properties of the snow pack.

As a contribution to these problems, and following a
project promoted by J.-M. Barnola (deceased 2009); we
developed an autonomous system for continuous recording
the temperature variations of the upper layers of the snow
pack to be deployed at some selected sites in Antarctica.
One instrument was deployed at Vostok station in the
frame of the Russian French collaboration (GDRI Vostok).
Here we present the data from the first year of operation
along with preliminary values for thermal diffusivity and
some character of the temperature variations during winter.
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Methods and results

The TAUTO recording system. Autonomous and automat-
ic digital recording system was built at Laboratoire de Glaci-
ologie et Géophysique de I’Environnement (LGGE) and
customized for operating within the low temperature environ-
ment of the Antarctic plateau. The «Temperature AUTO-
matic (TAUTO)» recording system uses a low power con-
summation microcontroller which scrutinizes voltage drop
from up to 64 platinum resistances (PT100). It has capability
for data storage for years on flash disk and for transmitting the
data to ARGOS communication system satellite. The elec-
tronic hardware is composed from three main cards: the cen-
tral unit, the memory and the transmitter (Fig. 1). All is fitted
for operating by —40 °C, and placed in a sealed insulated box
buried in snow. Miniaturized heating systems allow pre-heat-
ing of the most temperature sensitive electronic chips during
a programmed short time before the cycle of measurements.
The power supply is given by two 10 watts solar panels set at
surface and six 60 Ah buffer batteries buried in snow to pre-
vent the very low temperature during winter. The system is
fitted to operate in full autonomy of energy during 4 months
and to overcome the polar night.

Fig. 1. TAUTO recording system
and its setting in the field.
Top — insulated box containing the
central electronic unit, and details of
the electronic cards with low energy
consuming microprocessor; bottom —
setting the instrument in a pit at Vostok
station during summer 2010 (RAE 55)
and data downloading operation during
summer season (RAE 56)
Puc. 1. ABTOHOMHasl perucTpupyro-
mas cuctema TAUTO u e€ yctaHOB-
Ka B M0JIEBBIX YCIOBUSIX.
BBepxy — TepMOM30JMpPOBaHHbIN OOKC,
BMeEIIAIOIIUI OCHOBHOM 3JIEKTPOHHbIN
GJIOK U 2JIEMEHTBI 3JIEKTPOHHOW KapThl
¢ 3HeprocOeperaIM MUKPOIPOLIeC-
| . COpOM; BHU3Y — YCTaHOBKA CHCTEMBI B
J mypde Ha ctaHIMM BocTok jgeTom
2010 r. (55-1 PAD) u ckauuBaHue Ha-
28.01.2011  KomieHHBIX JAHHBIX B JIETHUIA MOJIEBO
ce30H 56-if PAD

Attention was paid to configure the temperature
probes. The manufactured Platinum Resistance Tempera-
ture (PRT) detectors have been chosen for both the rela-
tive small size and the accuracy (IEC751 (1983),
1/10 DIN) of £(0.03 + 0.0005+|7]) °C. This DIN standard
interchangeability for Pt resistance temperature detector
is only for the uncounted sensor, and is higher for mount-
ed probes (Pt sensor with metallic sheath, 4 lead wires,
and a connector). So, we measured the effective relative
accuracy of the mounted PRT probes: £0.15 °C on the
range of our measurements (—20 °C to —90 °C).

Each of the 15 sensors was connected to a small
diameter (1.5 mm diameter) 4 wires Teflon® line (white
color) of various lengths (up to 15 m) and assembled
together to make a so-called «temperature grape». The
grape is connected to the main unit.

Improvements of sensor calibration were conducted at
LGGE in order to reduce the interchangeability of the PT100.
For this relative inter-calibration, the 15-sensors from the
grape were measured all together with one reference tempera-
ture sensor (accuracy of £0.05 °C with respect to absolute
temperature) at 3 different temperatures (~—30, —45 and
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—58 °C). To a given stable condition, the 15-sensors mean
resistance value was calculated. A correction factor was ap-
plied to each resistor in order to provide a resistance value
closest to the mean stack value. A tabulated version of the
Callendar-Van Dusen equation is used to calculate tempera-
tures from resistances. This calibration stage between all sen-
sors resulted after corrections with a relative accuracy of
+0.05 °C and an absolute precision better than +0.1 °C
(comparison with our calibrated reference probe).

Each hour the system wake-up automatically from a real
time clock (RTC), and after 2 mn of warm-up, a new cycle of
measurements starts. Time is tuned from a GPS receiver.
A low excitation current (1 mA) is applied to PT100 through
(2 wires) for minimizing self-heating of sensor while the volt-
age drop across the sensor is measured on the 2 other wires by
a high impedance amplifier. The 4 wires resistance readings
are multiplexed one by one during 1 sec. The analogic signal
is converted to digital values then to resistance value (and
temperature). The data are stored in an 8 Mo flash memory
and transmitted to satellite (ARGOS system). ARGOS data
are weekly downloaded to LGGE and to AARI from the re-
ception center in Toulouse (France). The power consump-
tion is 60 mW as background, then 100 mW during 2 mn
every hour to scan sensors for temperature measurements,
then 30 mW for 2 mn twice a day for a GPS receiver used for
the time synchronization, and finally 250 mW during 2 sec
every 200 sec of the emission to ARGOS. The redundancy of
emission is 2 or 3 times and reduces download errors.

The whole system has been set in 2010 (55" Russian Ant-
arctic expedition) within the clean sector of Vostok station.
A 3 m deep pit was dug for burring the electronic unit and bat-
teries and setting the sensors (see Fig. 1). From surface to
200 cm depth, each sensor was introduced in undisturbed
snow layer from the pit wall by using a long needle pushed
horizontally up to 30 cm inside the wall. The pit was then
carefully filled with soft snow. Deeper sensors have been low-
ered into a nearby drill hole. The sensors have been set at fol-
lowing depth: closest to surface (~0 cm), then at 5, 10, 15, 20,
30, 40, 50, 60, 80, 90, 140, 200, 500 and 1000 cm. Transmis-
sion of hourly data started to operate efficiently soon after the
setting and 99% of the data were transmitted. For each hour
the system generate, store and transmit in 57 octets: the time,
the temperature from the 15 sensors, the signal from a resistor
having a low sensitivity to temperature (3 ppm per °C change)
and temperature inside the box. However, during winter (June
and July) satellite transmission stopped likely because the very
low temperature or the accumulation of hoarfrost on the solar
panels. The full record was however downloaded manually
from flash memory following summer season (RAE 56) and
almost 100% of the data have been recovered.

Temperature records. The temperature records (raw data)
are shown on Fig. 2 for different depths. The surface tempera-
ture record is dominated by the large (~50 °C) amplitude of the
seasonal cycle (minimum —76 °C, maximum —28 °C) while
the amplitude attenuates with depth. Reliability of the data set

is good and only few errors affect some lines. The errors appear
as wiggles values in the data (see Fig. 2) and noise, which can
be detected and corrected for the smooth records (e.g. sensors
buried in snow). During summer period (see Fig. 2, B) the very
upper sensors of the first ~30 cm record the daily oscillations
paced by the sun. During winter (April to September), daily
oscillation vanishes, the upper layers temperatures drop below
~—70 °C, while rather rapid changes by up to 20 °C appear
within a few days or week (see Fig. 2, A) before returning to
cold conditions. This phenomenon is repeated several times
during the winter suggesting a pseudo periodic «weekly» com-
ponent (hereafter weekly wave), while atmospheric and weath-
er changes are generally chaotic instead periodic. This salient
variation is recorded in depth down to 140 cm.

Signal analysis. Indeed the firn temperatures follow the
weather conditions at surface and the records are irregular. As a
preliminary approach, signals in depth are assumed to be a
mixture of different quasi-periodic oscillations. Amongst them
we selected the most prominent ones (daily, weekly, annual
waves) by using a Gaussian filter from the «Analyseries soft-
ware» [14]. To do so, after removing the few errors in data set,
the hourly values were re-sampled to a step of 10 values per
day. We then applied filters with a passing band expressed in
cycle per day: 0.0033 cpd £0.0005 cpd for the annual compo-
nent, 1 cpd £0.25 cpd for the daily component which is well
present during the summer season, and 0.12 cpd £0.06 cpd for
the weekly component which is mostly present during winter.

The records of the daily and quasi-weekly component
are shown on Fig. 3 for several sensors, displaying the pro-
gressive attenuation of signal amplitude as well as an increas-
ing phase-lag with depth. For the daily component recorded
during the summer season, amplitude become negligible
below ~40 cm depth. For the quasi-weekly wave, depth pen-
etration is 140 cm. For the annual wave (not shown), the am-
plitude of the filtered component at 140 cm depth is about
10 °C and already the half of extreme temperature amplitude
signal recorded between winter and summer in surface. Am-
plitude becomes 8.5 °C at 2 m, 2.2 °C at 5 m, and 0.4 °C at
10 m and therefore still significant at this depth. The propa-
gation in solid of a sine temperature signal A(0, 7) with ampli-
tude A, and a period 7, applied over an infinite surface is at-
tenuated and delayed with depth (x). The solution A(x, 7), is
given by the Fourier heat transfer equation:

A(0, 1) = Agsin(w?); (1

(2)
where o = 25t/ T oo = (w/2%)°>; » is the bulk thermal dif-
fusivity expressed in m2~! or in cm 25!, and it writes

A(x, 1) = Ayexp(—ox)-sin(wf + ax),

% =0.50/a2, 3)
% is linked to the thermal conductivity (M) by the relationship:
% =MnpC,, “4)

where A is the thermal conductivity (in Wm™'K™1), p the
mass density (kg'm~3) and C, the ice heat capacity
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Fig. 2. Firn temperature recorded at different depths from February 2010 to February 2011 (raw data), and zooms for winter

period (A) and summer period (B).

Depths of sensor are 5, 30, 60, 90, 140, 200, 500 and 1000 cm (top figure); 0, 5, 30, 50 cm (zoom A); 0, 5, 20, 30, 50 cm (zoom B) respectively. Janu-
ary Ist 2010, 00H:00 is taken as origin of the date. A few outliers occur in the records and are likely digit bugs from the TAUTO recording system

Puc. 2. Temnieparypa cHera, 3aperucTpupoOBaHHas Ha pa3IMUHbBIX TIyouHax B niepuon ¢ (espans 2010 r. mo depanb 2011 r. u
yBeJIMUEHHbIE YYaCTKH 3allUCU, COOTBETCTBYIOIIME 3UMHeMY (A) u JeTHemy (B) nmepuonam.

BepxHuii pUCYHOK MMOKa3bIBaeT JaHHbBIC TATYMKOB, PACTIONIOXEHHBIX Ha IIyouHax 5, 30, 60, 90, 140, 200, 500 u 1000 cM, puc. A — 0, 5, 30
u 50 cm, puc. B — 0, 5, 20, 30 u 50 cm. 3a Hauasno otcuéra BpeMeHU BbiopaHo 00:00 1 ssaBapst 2010 r. OTckakuBaroe 3HaYeHUsT, KOTO-
pble MHOT/IA MOSIBJISIOTCS B 3alIMCHU, CKOPEe BCETo, OIIMOKY perucTpupytoiieii nudponoii cuctemsl TAUTO

(Jkg 'K™1); nis ~1t0 10-1073 cm%s™! (or 1—10-1077 m2s~1)
for snow, and A ~0.015—0.1 Wm™'K~! for snow mass den-
sity of 300 kg'm 3. From the temperature records, values
for » are deduced from the spectral analysis (cross corre-
lation) of two records, and phase lag versus signal period
is calculated. Alternatively, a mean value of diffusivity for
a given period could be evaluated from equation (3) from
attenuation factor (a). For a given layer located between
two sensors at depth x; and x,, the correlation plot
between two sensors lead to the amplitude ratio. This
latter can be also deduced for a selected time duration
from the ratio of standard deviations of two signals (0,,/
O,,) and a writes:

0o = Ln(0,,/04,)/(x—x). ()

Signal attenuation and thermal properties. The phase
lag and the diffusion coefficient could be deduced from
correlation between the records from two adjacent sensors
(Fig. 4). The displays (Lissajous curves) are ellipses with

width and orientation in quadrant depending on phase lag
between the two signals. For 5 cm and surface sensors,
the two signals are almost synchronous (narrow ellipse)
and the amplitude ratio of daily wave is 0.97 during the
first 20 days after launching the instrument, then ratio
reduces to 0.65. This evolution is likely due to the burring
by snow fall or wind drift or the change of the environ-
ment of the first sensor. Between 10 and 5 cm sensors, the
amplitude ratio is 0.54, between 20 and 15 cm, the ratio is
0.74. Between 30 and 20 cm, amplitude ratio is 0.15 only
and the apparent figure indicates the two signals are in
quadrature (7t/2 phase lag for daily wave corresponding to
a time lag of 0.25 days or 6 hours).

For deeper layer, the same approach was applied by
using the quasi-weekly wave which penetrates deeper.
The bulk diffusivity is shown on Fig. 5. It varies from
2 to 151073 cm2s™!. For deeper layer, one have to use
longer wavelength (annual) but the available record is
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Fig. 3. Gaussian filtered component of temperature records.

Left — daily signal component for layer from 5, 10, 15, 20, 30 cm depth; right — quasi-weekly (8 days) signal component from 40, 50, 60,

80, 90 and 140 cm depth

Puc. 3. KOMIIOHEHTEHI CIIeKTpa TeMITIepaTypHOTO BPEMEHHOTO Psi/ia, BhIICIICHHBIE C TTOMOIIBIO FayCCOBCKOTO (PUIILTPA.
CreBa — CyTOUYHBINI KOMIIOHEHT Bapualuii TeMrepaTypbl Ha TiayouHax 5, 10, 15, 20, 30 cM; cripaBa — KBa3uHeAEJbHBIN (8 THEIT) KOMITO-

HEHT Bapualuii Temrepatypbl Ha riyounax 40, 50, 60, 80, 90 u 140 cm

8 4 -
| 5 cm versus surface " 110 cm versus 5 cm
4 il
o . o -
57 § °
ITo I o -
g
-4 -2 -
J| Y = 069X il Fig. 4. Correlation plots between tempera-
i ture signals (filtered daily component) for
il e e e e S A 4= — 77T different depths: 5 cm surface versus; 10 cm
-8 # 0 5 " 8 -8 -4 0 & 4 8  versus 5 cm; 20 cm versus 15 cm; 30 cm ver-
i Surface, °C G 5¢cm, °C sus 20 em.
Regression lines and equations are also shown.
| 20 cm versus 15 cm For surface-5cm couple a change occurred after
1 20 days of operation due to a snow fall event.
o Puc. 4. 'padbuku Koppeasiiuu MeXIy OT-
£ (bUIBTPOBAaHHBIMU CYTOYHBIMU U3MEHEHUSI-
o 0] MU TeMmIeparypbl Ha riayouHax: 0 u 5 cm; S u
g & 10 em; 151 20 em; 20 1 30 em.
-1 Ha rpadukax noxkasaHbl JUHUU PErpeccuu u
I Y = 0.73X 1| OpUBeAEHB UX YpaBHeHUs. U3MeHeHue Ha-
KJIOHA JIMHUM perpeccuu it ryouH 0 u 5 cM
2= — T 71T V4~ m—r—T1—TT1T T 1 mpousonuio criycts 20 qHeil rmocie yCTaHOBKU
- -1 0 1 -2 -1 0 1 CHCTEMBI B pe3yJibTaTe aKKyMYJISILIMU CHera
15¢cm, °C 20 cm, °C

still too short for accurate calculations. On Fig. 6, is
shown the thermal diffusion coefficient record with
respect to time for the upper layers of snow pack. For
each wave component, diffusivity coefficient was
deduced from the ratio of standard deviation around the
mean signal calculated over 10 days. For surface layer,
the evolution which is observed for the 0—5 cm layer
likely reflects snow accumulation events that affect the
sensor which is slowly buried. In snow pack diffusiv-

Haa BEpXHUM JaTYNKOM

ity values are within one order of magnitude (e.g. ~3 to
30-103cm?2s™!), while most extreme values are given by
two adjacent layers: 80 to 90 cm (for the less diffusive)
and 90 to 140 cm layer (for the highest) respectively.
With respect to stratigraphy the 80 to 90 cm layer is
found below a very hard and 2 cm thick layer at 70 cm
depth which likely causes a different evolution and
property. More work is needed for linking such differ-
ences to the firn observations.
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Fig. 5. Thermo physical properties of snow pack at
Vostok.

Left — mean thermal diffusivity for the first 1.4 m of snow
from daily and quasi-weekly filtered components; mid-
dle — snow density profile; right — snow pit stratigraphy
Puc. 5. Tepmodusnueckue cBoiicTBa CHera Ha CTaH-
uuu BocTok.

CneBa — cpenHue KodGhGUIIMEHTh TEPMUIYECKON aud-
+— (dy3uu B npeaenax BepxHux 1,4 M CHEXHOI TOJILM,
MoJIydeHHbIe Ha OCHOBE aHajiM3a CyTOYHBIX U Hele/b-
HbBIX KOJIeOaHMIT TeMIepaTypbl; B LIEHTPE — MPOpUIIb
TUIOTHOCTH CHera B 11ypde; cripaBa — cTpaturpaduye-
cKasl KOJIOHKA CHEXHOM TOJIIIH
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Fig. 6. Snow thermal diffusivity with respect to time (moving average over 10 days).
Left — for the uppermost layers of snow pack as deduced from the filtered (daily) component; right — for layers from 40 to 140 cm depth

and deduced from the filtered (weekly) component

Puc. 6. MIameHeHue KoahGULIMEHTOB TepMUYecKoit 1uddy3nn Bo BpeMeHHU (CKoJib3siee cpeaHee mo 10 gHam).
CreBa — Uil BEPXHUX CJIOEB CHEXHOM TOJIIM 1O pe3ysibTaTaM aHain3a OT(GUIBTPOBAHHBIX CYTOYHBIX KOJEOAHUI TeMIepaTyphl;
crpaBa — s ¢JI0EB B MHTepBasie r1youH 80—140 cM Mo pe3yabTraTaM aHaIM3a OTOUILTPOBAHHBIX HENEIbHBIX KOJIeO0aHUil TeMIepaTyphl

Discussion and perspectives

The autonomous recording system for monitoring
temperature of the upper layers of the snow pack which
was deployed at Vostok station fulfilled almost com-
pletely the assigned technical task. Data recovery from
the 15 sensors set in the snow pack is so far very good.
The system had a break in ARGOS data transmission
during two months in winter and few errors of readings.
The technical reasons of these drawbacks are actually
unknown while they have so far a negligible influence.

During the first year of operations, the records
captured the very large amplitude of the seasonal cycle
along with the small daily undulations of temperature
during summertime and its rapid attenuation in depth.
The records also revealed several rapid warming (up
to 20 °C) during winter time occurring within a few
days before returning to cold conditions. This is not
specific to Vostok station as this phenomenon was

already observed in Dome C region from AWS data
and simulated by using atmospheric general circula-
tion models [8]. While the temperature signal is not
periodic, we have considered in this preliminary study
that the warming gives to the winter temperature an
apparent variability within a band of frequencies at
about 1 per 1-2 weeks suggesting a kind of pseudo-
periodic reorganization of the atmospheric system at
synoptic scale over Antarctica. These apparent weekly
waves penetrated deeper in the snow pack down to
140 cm. Much work has to be done in this field and the
Vostok data will provide new data set to be integrated
in the existing network. This can be used variously and
amongst application are the comparison with records
from other sites, the comparison with the weather
reanalysis along with the results from simulations at
regional scale from atmospheric general circulation
modeling. In this respect, a network of instruments
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is currently operating with a second TAUTO system
deployed at Concordia station and a third instrument
has been set in 2012, at a site location 300 km from
Vostok station along the route to Concordia station. In
future, this network data will be worth for the simula-
tion of atmospheric circulation in a similar way to what
was done for the Dome C region [e.g. §].

With respect to our preliminary approach to deduce
thermal properties of firn, data analysis need to be
reduced in a more accurate manner, e.g. by using spec-
tral analysis, and compared in more details with avail-
able observation on firn stratigraphy, density and grain
size. This will be useful for modeling the thermal prop-
erties of the firn with respect to microwaves emission
from the surface. Continuation of the temperature
monitoring for several years will allow investigating
thermal properties of deeper layer down to 10 m. The
TAUTO data are complementary to the long tempera-
ture grape («Termokosa») deployed at Vostok by RAE
down to 100 m depth aiming at monitoring the long
term evolution of Antarctic temperature, and to the ear-
lier obtained data on snow temperature at Vostok [1].

This temperature monitoring network which is cur-
rently under deployment in this region of the Antarctic
plateau through the Russian-French collaboration is
of importance as it will provide in the coming years
unique and pertinent data of in-situ temperatures
which will be used in several fields of research in atmo-
spheric and climate sciences.
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TemmepaTypa cHexKHOIi TOJIIU HA cTaHMU BocTok
o JaHHbIM aBToMaTH4yeckoii crannuu TAUTO:
npeaBapuTe/IbHbIE Pe3Y/IbTAThI IIEPBOTO ro/ia HAOOIeH I

TouHble U3MepeHUsT TeMOepaTypHbIX TPaJUueHTOB
B BEPXHEM CJIO€ cHera B AHTapKTHUIe HeOOXOIUMbI 151
HUCCeNOBaHUS U3JIYUYEHUS] CHEXXKHOI MOBEPXHOCTU B
MUKPOBOJHOBOM JIMaNa30He, KOTOPOE UCIIOJb3yETCS
B IMCTAaHIIMOHHBIX HAOIIONECHUSIX, @ TAKXKE AJI51 U3yye-
HUS MPOLIECCOB TEMJI0O- U MAaCCOMEPEeHOCa B CHEX-
Hot Tonuie. 'pagueHT TemIiepaTypbl — Ba>KHEU LI
daxTop, KOHTPOJHUPYIOIMUNA MeTaMOpGhU3M CHeTa,
B X0JIe KOTOPOI'O 3aKJaablBalOTCS MepBOHaYaJbHbIE
CTPYKTYPHBIE OCOOEHHOCTU CHEXHBIX CJIOEB, BJIUSIO-
1ye Ha IocJjienyloliee yIJoTHeHUe cHera u upHa,
3axBaT aTMOCGhEpPHOro Bo3ayxa B Xole MpeBpalleHU s
¢upHa B €0 U ppaKLIMOHUPOBAHUE ITOTO BO3AyXa MO
razoBoMy coctaBy. C 1ieJIbIo U3yYeHU S ITUX ITPOIIECCOB
U B pa3Butue nununuatu XK.-M. bapHoia pazpaboTaHa
aBTOMaruyeckas CUCTeMa MOHUTOPUHTA TeMIIEpaTypPbl
BEPXHUX CJIOEB CHeXHOM Tou. Co3naHHas aBTopaMu
CTaHLMS MpeaHa3HayeHa 1151 MHOTOJIETHEN HerpephIB-

HOI1 pabOTHI BaBTOHOMHOM PEXMME B CYyPOBBIX YCIIOBH-
SIX TIOJISIPHOM HOUM Ha BBICOKOT'OPHOM aHTapKTUYECKOM
miato. Cucrema, odecrneynBariasi MOHUTOPUHT TEM-
ImepaTypsl C TOMOIIBIO BEICOKOTOUHBIX TaTUMKOB, pac-
IMOJIOKEHHBIX Ha 15 TOpM30HTaX B mpenesiax BEepXHUX
10 M cHeXHOI TOJIIU, OblJIa yCTAaHOBJIEHA COBMECT-
HO (paHIY3CKMMU U POCCUUCKUMMU CIlelMaJIucTaMu
Ha ctaHuuu BocTok B ce30H paborhl 55-i1 Poccuii-
CKOM aHTapKTHUYecKo# akcneauuuu. MccaemoBaHus
BBIMOJHSJIUCh B paMKaX POCCUNCKO-(DPaHIIy3CKOIro
EBporneiickoro Hay4HO-KMCCIEI0BaTEIbCKOTO 00benu-
HeHus (EHUO) «BocTok». AHaJu3 pe3yJibTaTOB exXe-
YaCHBIX aBTOMAaTHUYECKUX U3MEPEHUN TeMIIepaTyphl,
MOJIYUEHHBIX C TIOMOIIbIO CTAHIIMU B T€YCHUE MEPBO-
ro roga HabJIONEHUI, TO3BOJUI MOJYYUTh JaHHBIE
00 M3MEHEHMSIX TeMIIepaTyphbl CHera Ha pa3JIMIHBIX
rI1yOrMHaxX M cHejaTh IpelBapUTeIbHBIC BBIBOABI O
TerI0(PU3NYEeCKUX CBOMCTBAX BEPXHE YaCTU CHEXKHOM
TOJIIM B 3TOM paitoHe LleHTpaabHO AHTApKTUABI.
Bapuanuu xkosdpduumneHta TepMuIeckKon nud-
Gy3Uu CHEXHOM TOJIIM MO IJ1yOMHE M BO BpEMEHMU
OLIEHMBAJIUCh Ha OCHOBE aHaju3a 3ala3iblBaHUS U
3aTyXaHUs ¢ NIYOMHOI CYTOYHBIX M HEeACTbHBIX Bapra-
Ui TeMImepaTypsl. YCTaHOBJICHO, YTO 3HAUYCHUS 3TOTO
koaddunrenTa usmensores ot 3 1o 30-1073 cm2c!,
oTpaxasl IIPOCTPaHCTBEHHO-BPEMEHHbBIE U3MEHEHU S
GU3NYECKUX U CTPYKTYPHBIX CBOMCTB cHera. [ToMmnMo
BBICOKOAMTIJIUTYIHBIX CE30HHBIX U CYTOUHBIX Koyeba-
HUM TeMIepaTypsl (ITocIemHre HaOII0maloTCsI TOIBKO
B JICTHUI MepUOM), 1Jis 3MMHEr0 BpeMEHU XapaKTePHBI
KBa3UTIEPUOINYECKUE UBMEHEHU ST C TIEPUOIOM OKOJIO
OOHOUW HeIeNN, KOTOPhIe HAUYMHAIOTCS ¢ OBICTPOTO
noBhLIIeHUS TemIiepaTypsl Ha 10—20 °C, nmocie 4dero
cieayeT MeIJeHHBIN BO3BpaT K OOBIYHBIM 3UMHUM
TemneparypaM. [logoOHbIe 3MMHIME MOTEMNJIeHUsI, KOTO-
pBle paHee OBUIM 3apeTUCTPUPOBAHBI aBTOMATHYECKOM
MeTeocTtaHueit Ha Kymoine C, 1mo-BuamMomy, CBSI3aHBI
¢ MIepUOANYECKOI MepeCcTPOiKoit aTMOC(hepHOI LIUPKY-
JISUMU B AHTapKTHUAE CUHONITUYECKOr0 MaciTada.
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