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LASER EXPERIMENTS IN LIGHT CLOUDINESS
WITH THE GEOSTATIONARY SATELLITE ARTEMIS

The geostationary satellite ARTEMIS was launched in July 2001. The satellite is equipped with a laser communication terminal, which
was used for the world’s first inter-satellite laser communication link between ARTEMIS and the low earth orbit satellite SPOT-4.
Ground-to-space laser communication experiments were also conducted under various atmospheric conditions involving ESA’s optical
ground station. With a rapidly increasing volume of information transferred by geostationary satellites, there is a rising demand for
high-speed data links between ground stations and satellites. For ground-to-space laser communications there are a number of impor-
tant design parameters that need to be addressed, among them, the influence of atmospheric turbulence in different atmospheric condi-
tions and link geometries. The Main Astronomical Observatory of NAS of Ukraine developed a precise computer tracking system for
its 0.7m AZT-2 telescope and a compact laser communication package LACES (Laser Atmosphere and Communication Experiments
with Satellites) for laser communication experiments with geostationary satellites. The specially developed software allows computer-
ized tracking of the satellites using their orbital data. A number of laser experiments between MAO and ARTEMIS were conducted
in partial cloudiness with some amount of laser light observed through clouds. Such conditions caused high break-up (splitting) of
images from the laser beacon of ARTEMIS. One possible explanation is Raman scattering of photons on molecules of a water vapor in
the atmosphere. Raman scattering causes a shift in a wavelength of the photons. In addition, a different value for the refraction index
appears in the direction of the meridian for the wavelength-shifted photons. This is similar to the anomalous atmospheric refraction
that appears at low angular altitudes above the horizon. We have also estimated the atmospheric attenuation and the influence of
atmospheric turbulence on observed results. The results and interpretations are presented in the paper.
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1. INTRODUCTION Agency (JAXA) launched its own low-earth orbit
satellite KIRARI (OICETS) with the laser commu-
nication terminal LUCE. Successful links were es-
tablished between it and ARTEMIS satellite, as well
as with the optical stations in Japan (NICT) [4, 22,
23]. Similar tasks were accomplished by the Ger-
man Space Agency (DLR) and TESAT Company,
using two LEO satellites, TerraSAR-X and NFIRE,

demonstrating data transfer rates of 5.6 Gb s at a

Series of laser communication sessions between the
geostationary (GEQO) satellite ARTEMIS and the low
Earth orbit (LEO) satellite SPOT-4 were conducted
between April 1, 2003 and January 9, 2008 covering
in total 378 hours [21]. Laser communication experi-
ments in various atmospheric conditions were also
performed between ARTEMIS and ESA’s optical

ground station (OGS) located at Canary Islands (al-
titude 2400 m) [1, 15, 16, 19]. The Japanese Space
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distance of up to 5,100 km using Binary Phase Shift
Keying (BPSK) modulation [13, 14, 18].In the fol-
lowing years, NASA developed a space laser commu-
nication terminal (LCT) that utilizes pulse position
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modulation. It was used on the Lunar Atmosphere
and Dust Environmental Explorer (LADEE) space-
craft, which was launched on September 6, 2013. In
October 2013, during the link from a lunar orbit to
an optical ground station on Earth (beam propaga-
tion distance 380000 km), data rates up to 622 Mb s™!
were achieved [2, 20]. Above that, the distance be-
tween the lunar satellite and OGS was measured to
an accuracy of 10 mm.

Currently, ESA is developing the European Data
Relay Satellite (EDRS) system that will use the laser
communication technology to transmit data from the
LEO satellites Sentinel -1 and -2 to GEO satellites
EDRS-A and -C (positions are 9 and 31° E, respec-
tively). The user data rates will be up to 1.8 Gb s™!
at a distance of 45000 km. EDRS-A satellite was
launched on January 2016 and the launch of EDRS-C
is planned for 2017 [3]. The preceding ESA project
in this field, ALPHASAT satellite, with the TESAT
LCT onboard for communication experiments with
LEO satellites, and with OGS, was launched in 2013
(position is 25° E).

The Main Astronomical Observatory of NAS of
Ukraine (MAO) developed its own laser commu-
nication system for the 0.7 m AZT-2 telescope in
Kyiv. The work was supported by the National Space
Agency of Ukraine and ESA. The new instrument
combines a highly accurate computerized tracking
system for the telescope and a compact laser com-
munication package LACES (Laser Atmosphere
and Communication Experiments with Satellites)
[9—11]. Most of the subsystems are mounted on the
platform at a Cassegrain focus (F = 10.5 m) of the
telescope.

All of the equipment was tested with the AR-
TEMIS laser communication payload. Established
laser links between LACES terminal of AZT-2 tele-
scope and OPALE LCT onboard ARTEMIS were
held for 20 minutes. After the OPALE beacon scan
stopped, OPALE and LACES terminals kept target-
ing their telescopes. The divergence of a laser beam
from AZT-2 was 1.5 arc seconds. Maximum signal
strength achieved by OPALE was 90 nW m™2. Short
communication links were sustained in total 6 min-
utes [5, 12]. Some of the laser experiments with AR-
TEMIS satellite were also performed through thin
cloud layers and tentative results were presented at
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the conference [8]. Details of these experiments and
interpretation of the results are described below.

2. CONDITIONS OF OBSERVATIONS
AND LASER EXPERIMENTS

2.1. Conditions of observations. Laser sessions with
ARTEMIS must be programmed one week in advance
and it is quite difficult to get a precise weather forecast.
In case of cloudy skies, the Redu station is informed
and onboard programmed sessions are stopped to
save resources of the satellite. During the night on
October 26, 2011, 3 sessions at 19, 20 and 21:00 UTC
were recorded with a partially covered sky.

The LACES terminal includes a laser module,
and pointing and tracking digital cameras, which are
mounted at a Cassegrain focus of AZT-2 telescope.
The pointing digital camera has a color CMOS sen-
sor with a resolution of 3072 x 2048 pixels and a focal
reducer. As a result, equivalent focus of the telescope
is 2 times shorter. A field of view of the camera is
15.67%9.86 arc minutes. The tracking CCD (16-bit
ADC) camera has a resolution of 752x582 pixels
with a field of view 2.05x 1.53 arc minutes and works
at the telescope focus at 10.85 m.

The beacon of OPALE terminal transmits in the
wavelength band 797—808 nm with a beam diver-
gence of 750 uprad. During the acquisition phase,
OPALE performs spiral scanning around its initial
position with a maximum radius of 3.5—3.7 mrad.
During each session, two scans are performed with
a duration of 3 minutes per scan. For a distance of
38100 km the size of a light spot of the beacon is ap-
proximately 29 km in diameter. In addition, OPALE
has a narrow (7.5 prad) beam at A = 8§19 nm. During
the sessions on October 26, this narrow beam wasn’t
used.

Typical photometry data sample of OPALE during
the beacon scan is shown in Fig. 1. Bright peaks indi-
cate a light coming from the laser beacon of OPALE
during the scan of the position of our telescope. A
pixel binning scheme 2x2 for the CCD camera was
used in all the sessions. The scale of the CCD is
0.327 arcsec per pixel along the X(a) axis and 0.316
arcsec per pixel along the Y(d) axis.

2.2. Session 1 (19:00 UTC). Before the session, the
telescope has been pointed at ARTEMIS and began
its automatic computerized tracking. The sky was
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Fig. 1. Photometric data of ARTEMIS during the beacon scan

Fig. 2. Frames “art 3174” — “art 3178”. Opale laser beam through clouds: “art 3175” — “art 3177”

Tuble I. Session 1. partially clouded at this time. The exposures were

ARTEMIS observation parameters 2 seconds long with a time interval of 2 seconds be-

tween them, so the full duration of an image cycle

# Art-image Time Stellar Notes was 4 seconds. The elevation angle of the satellite
hh:mm:ss magnitude, m .

above the horizon was 22 degrees. The photometry

data for ARTEMIS satellite during the beacon scan

art 3174 19:02:52 — clouds

art 3175 19:02:56 7642 active beacon in light cloudiness is shown in Table 1.

art 3176 19:03:00 7426 active beacon Recorded images (art 3174 — art 3178) with and
art 3177 19:03:04 7,500 active beacon  Without the beacon beam visible through the clouds
art 3178 19:03:08 - clouds are given in Fig.2. The centre of each image is marked

with a crosshair.
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Fig. 4. Coordinate measurements of the “art 3251” frame

In the cloudy conditions the splitting of the laser
beam into 2 components, A and B, is visible in the
frame “art 3176” (Fig. 3). The angular separation
between the components is AX(a) = 0.327", AY(d) =
= 1.58". There is no the splitting of the laser beam
registered in the frame “art 3177”. We did not ob-
serve wide splits of laser beacon beam during the sec-
ond beacon scan.

By the end of the beacon scan, at the time period
0f 19:07:42 — 19:08:02 the sky cleared and the satel-
lite became visible in the reflected sunlight. Later, the
sky overcast again.
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Previously, we initiated the comparative stud-
ies of the atmospheric turbulence instability for two
telescopes, ESA OGS and MAO AZT-2, and dif-
ferent elevation angles [6]. Further, the comparative
investigations of relative motion correlations of bi-
nary stars’ components to determine the local atmo-
spheric turbulence were carried out. Their results are
presented in [7]. The next step is the measurements
of the satellite’s position on the frames obtained in
reflected sunlight to estimate the possible influence
of atmospheric turbulence on the results of observa-
tions. An example of satellite photometric centroid
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Fig. 5. Frames “art 32527, “art 3306” — “art 3309”. ARTEMIS laser beam through clouds: “art 3307” and “art 3308”

Table 2. Satellite coordinates’ measurements in reflected sunlight

Image # Time obs. Centroid X, pixels Centroid Y, pixels AX, pixels, (arc sec) AY, pixels, (arc sec)

art 3246 19:07:42 190.391 133.412 — —

art 3247 19:07:46 191.720 133.812 1.329 ( 0.435") 0.400 (0.126")

art 3248 19:07:50 193.330 132.483 1.610 (0.526") —1.329 (-0.420")

art 3249 19:07:54 192.421 134.886 —0.909 (-0.297") 2.403 (0.759")

art 3250 19:07:58 193.814 136.491 1.393 (0.456") 1.605 ( 0.507")

art 3251 19:08:02 195.860 137.498 2.046 ( 0.669") 1.007 (0.318")

Table 3. Session 2. calculations performed using the Maxim DL-Pro5

ARTEMIS observation parameters software is presented in Fig. 4. The results of the

T measurements are in Table 2.
. ime Stellar X X X
#Art-image | | Magnitude, m Notes With the full time interval AT = 20 seconds and
total drifts AX = 5.469 pixels = 1.79” and AY = 4.086
art 3306 20:03:33 — clouds pixels or 1.29”, the drift for 2 seconds of exposure
art 3307 20:03:37 7.188 max.beacon along X(a) axis is AX = 0.547 pixels or 0.179” and
art 3308 20:03:41 6.318 max.beacon the same one along Y(8) is AY = 0.409 pixels or
art 3309 20:03:45 — clouds 0.129". The last two columns of Table 2 show that
art 3349 20:06:26 — clouds deviations of photometric centroids of each im-
art 3350 20:06:30 7.745 max.beacon age relative to the previous one are less than 0.669”
art 3351 20:06:34 7.776 max.beacon for X direction and 0.759” for Y one. It is signifi-
art 3352 20:06:38 — clouds cantly less than the splitting in the frame “art 3176”
AY(8) =1.58".
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Fig. 6. 2-D view of the frame “art 3307”

N art3308

143 153

Fig. 7. 2-D view of the frame “art 3308”

2.3. Session 2 (20:00 UTC). Session 2 was also held
with automatic tracking of ARTEMIS. Shortly be-
fore the start of the session, the cloudiness appeared.
The recording started at 20700”04%. The exposures
were 2 seconds long during the whole session. The el-
evation angle of the satellite was 23 degrees. Session 2
photometry data of ARTEMIS are shown in Table 3.

The recorded images of this session are given in
Fig. 5 — Fig. 8.
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The laser beacon of ARTEMIS is visible through
the clouds in “art 3307” and “art 3308” images. For
the “art 3307” image (Fig. 6), a splitting of the laser
beam was observed. The angular separation between
components A and B was: AY=2.844" AX=0.327".
Fig. 7 shows the large splitting along Yand a small one
along X axes in “art 3308” image. The angular sepa-
ration was: AY = 3.792", AX=0.632" between A and
B components, AY=4.424" AX=1.962" between A
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Fig. 8. Frames “art 3349” —

3350” —

“art 3351”

“3352”. ARTEMIS beacon beams through clouds: “art

Table 4. Coordinate measurements of the satellite in reflected sunlight

Image # Time obs. Centroid X, pixels Centroid Y, pixels AX(a), pixels, (arc sec) AY(8), pixels, (arc sec)
art 3377 20:09:41 225.806 149.686 — —

art 3378 20:09:45 225.693 148.918 —0.113 (-0.037) —0.768 (-0.243)
art 3379 20:09:49 226.846 147.671 1.153 (0.377) —1.247 (-0.394)
art 3380 20:09:53 229.585 148.639 2.739 (0.896) 0.968 (0.306)
art 3381 20:09:57 229.280 146.743 —0.305 (=0.099) —1.896 (—0.599)
art 3382 20:10:01 228.858 142.978 —0.422 (-0.138) —-3.765 (-1.189)
art 3383 20:10:05 230.656 143.727 1.798 (0.588) 0.749 (0.237)
art 3384 20:10:09 233.365 144.516 2.709 (0.886) 0.789 (0.249)
art 3385 20:10:13 233.643 145.490 0.278 (0.091) 0.974 (0.307)
art 3386 20:10:17 233.298 143.921 —0.345 (-0.113) —1.569 (—0.496)
art 3387 20:10:21 235.170 143.637 1.872 (0.612) —0.284 (-0.090)

and C components, and AY = 5.372", AX = 0.632"
between A and D components. The next beacon peak
observed through clouds appeared in “art 3350” and
“art 3351” frames. For the frame “art 3350” (Fig. 9),
the angular separation along Y does not exceed
AY = 2.844" and along X it reaches AX = 1.962".
The same data for the frame “art 3351” (Fig. 10) are
AY=1.896" and AX=1.799".

44

To estimate the possible influence of atmospher-
ic turbulence on the observed results, we also made
the coordinate measurements of ARTEMIS on the
frames obtained in reflected sunlight after the end of
the Session 2 similar to the Session 1. The results are
presented in Table 4.

With the full time interval A7’ = 40 seconds and to-
tal drifts AX = 9.364 pixels or 3.06” and AY = -6.049
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N art3350

4

106 116

Fig. 9. 2-D view of the frame “art 3350”

N art3351
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Fig. 10. 2-D view of the frame “art 3351”

pixels or —1.91", the drift for 2 seconds of exposition
along X(a) axis is AX = 0.468 pixels or 0.153” and the
same one along Y(8) is AY = 0.302 pixels or 0.096".
Last two columns of Table 4 show that deviations of
photometric centroids of each image in relation to
the previous image are less than 0.896” for X direc-
tion and 1.189” for Y direction. Both the maximum
deviations are less than the splitting of the images.
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2.4. Session 3 (21:00 UTC). During the session 3,
the weather was clear with some mist and the expo-
sure time was set to 1 second. The maximum beacon
signals were observed at 21700355 and 21703740,
In some exposures, our OGS laser was in operation
pointing in the direction to ARTEMIS, and the pho-
tometric results (Fig.11) were distorted (these time
periods are marked as “OGS laser” in Table 5). The
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Fig. 11. Frames “art 43277, “art 4330”

photometry results are presented in Table 5. The sat-
ellite elevation angle was 25 degrees.

The CCD frame “art 4331 (Fig. 12) was observed
overexposed. The maximum separation between
components was AY = 3.476"” and AX = 1.962". The
frame “art 4388” was obtained with a very high over-
exposure. The area of overexposed pixels is approxi-
mately 9.5” along the X axis and 10.1” along the Y

Table 5. Session 3.
ARTEMIS observation parameters

# Art-image hhTri'rlmn?:ss magsntiiﬂzre, m Notes
art 4329 21:00:30 — OGS laser
art 4330 21:00:32 9.018 active beacon
art 4331 21:00:35 5.601 max. beacon
art 4332 21:00:56 — OGS laser
art 4335 21:01:10 — OGS laser
art 4387 21:03:38 9.070 active beacon
art 4388 21:03:40 2.110 max. beacon
art 4389 21:03:43 9.050 active beacon
art 4466 21:07:22 11.992 sun reflected

— “art 4334”, “art 4336”

one. A splitting of the laser beam was not observed
due to the large area of the signal from the beacon.
The coordinate measurements of ARTEMIS in the
reflected sunlight after the finish of the Session 3 are
given in Table 6.

With the full time interval AT = 26 seconds and
total drifts AX = 7.352 that is 2.400” and AY = 2.025
pixels or 0.640”, the drift for 1 second of exposition
along X (o) axis is AX=0.092 pixels or 0.030"” and the
same one along Y (8) is AY = 0.078 pixels or 0.025".
Last two columns of Table 6 show that deviations of
photometric centroids of each image in relation to
the previous image are less than 0.879” for X direc-
tion and 1.212" for Y direction.

2.5. Influence of atmosphere and clouds on laser
radiation. We suggest the following possible expla-
nation for the observed splitting of the image of the
laser beam from the ARTEMIS satellite at low eleva-
tion angle. The atmosphere can be assumed as a large
optical “lens” with nonhomogeneous components.
The thickness of the atmosphere in the Earth’s po-
lar regions is less than in the equatorial regions. As
a result, a refraction gradient occurs in the meridian
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104 114

Fig. 12. 2-D view of the frame “art 4331”

direction. The beacon transmits laser radiation at the
wavelength band 797—808 nm. Clouds have an ad-
ditional effect on laser radiation from the satellite.

LIDAR systems are intended for the investigation
of Raman scattering of the reflected laser radiation
on molecules in the atmosphere. They measure the
nitrogen vibration-rotation Raman signals at 387 and
607 nm. Along with them, the signals at 407 nm from
water vapor molecules were observed.

The direct Raman scattering of laser radiation on
molecules of water vapor is the one possible explana-
tion of the results observed. Laser radiation at fre-
quency v, and photon energy /v, interacts with mol-

Table 6. Coordinate measurements of sun reflected satellite
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ecules of water vapor with energy E(1):
hvy + E(1) — h(vy— v)) + E(2).

The result is (v, — v,) <hv,and E(2) > E(1). E(2)
is a new, more unstable vibration-rotation energy of
water vapors molecules. On the further step:

hvy+ EQ2) — h (vy +v,) + E(1).

As a result, the photons with energies Av, h(v,—
—v,), h(v, +v,) appear in clouds. For frequencies v,
(vo—Vv)), and (v, t v,) the refractive index of the at-
mosphere has different values. Photons change their
directions after passing through the clouds, and we
can observe the splitting of images of the laser beam.

Image # Time obs. Centroid X, pixels Centroid Y, pixels AX(a), pixels, (arc sec) AY(d), pixels, (arc sec)
art 4466 21:07:22 210.978 149.153 — —

art 4467 21:07:25 211.462 147.888 0.484 (0.158) —1.265 (—0.399)
art 4468 21:07:28 210.871 148.289 —-0.591 (-0.192) 0.401 (0.127)
art 4469 21:07:31 208.182 146.206 -2.689 (-0.879) —2.083 (—0.658)
art 4470 21:07:34 208.169 150.043 —0.013 (-0.004) 3.837 (1.212)
art 4471 21:07:36 208.149 149.831 —-0.020 (-0.007) —-0.212 (-0.067)
art 4472 21:07:39 208.655 149.363 0.506 (0.165) —0.468 (—0.147)
art 4473 21:07:42 206.037 148.133 -2.618 (—0.855) —1.230 (-0.389)
art 4474 21:07:45 204.349 149.644 —1.688 (-0.551) 1.511 (0.477)
art 4475 21:07:48 203.626 151.178 —-0.723 (-0.236) 1.534 (0.485)
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Raman scattering may have a strong effect on the
passage of a laser beam through the atmosphere in a
case of very narrow interference filters using.

CONCLUSIONS

The unique laser experiments between MAO and the
geostationary satellite ARTEMIS were conducted
in a partial cloudiness conditions. Some amount of
laser light from the satellite was observed through
the clouds by tracking CCD camera. Maxim
DL-5 Pro standard software was used for image
processing. The observational conditions caused the
phenomenon of a high splitting of the laser beam
transmitted by the ARTEMIS and received at the
optical ground station at small elevation angles.
One possible explanation of the obtained results is
Raman scattering of laser photons on molecules of
a water vapor in the atmosphere. Raman scattering
causes the shift in a wavelength of laser photons.
As a result, a different value of the refraction index
appears for the wavelength-shifted photons in the
meridian direction. This is similar to the anomalous
atmospheric refraction that appears on low angular
altitudes above the horizon.
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B. Kysvkos!, C. Kysvkos!, 3. Coonix?

! TonoBHa acTpoHOMiuHa o6cepBaTOpis

HauionanbHoi akagemii Hayk Ykpainu, Kuis

2 €BporeicbKUii KOCMiYHUN JOCTiIHULIbKU A

i TexHosoriunuii uenrp, €KA, Hopageiik, Hinepnanau

JIASEPHI EKCITEPUMEHTHU
3 TEOCTAIIOHAPHMM CYITYTHUKOM
ARTEMIS KPI3b TOHKI XMAPHU

Y numni 2001 p. Oyno 3amymieHo reoctanioHapHuii (FEO)
cynytHUK ARTEMIS 3 naszepHuM KOMyHiKaliiHUM TepMi-
HaJoM Ha OOpTy, IKMM BIIEepIe y CBITi IPOBEACHO JIa3epHi
KOMYHiKalliliHi ceaHcu Mix cynyTHUkoM ARTEMIS i Hu3zb-
KoopOiTasibHuM cynytHukoM SPOT-4. TlpoBanwiucs Ta-
KOX Jla3epHi KOMYHiKalliliHi eKCIIePUMEHTH MiX Ha3eMHOIO
onrtuyHoto ctaHuiero (HOC) €KA i cymyrHukom ARTEMIS
y pi3Hux atMocdepHux ymoBax. O6’emu iHdopmMallii, 1110
HaaxonsTh i3 'EOQ-cynyTHUKIB, IIBUAKO 30iJbLIYIOTHCS, i
BUHMKAE MOTpeda y MBUAKICHUX KaHajax 3B’sa3Ky 3 HOC
Ha 'EO-cynytHuku. s 1a3epHOi KOMyHiKallil 3 Ha3eMHO1
CTaHIIii HA CYMYTHUK BaXJIUBUMU (HaKTOpaMU € BIUIUB aT-
MocdepHOi TypOyJIeHIIii Tpu pi3HUX aTMOC(HEPHUX YMOBAX i
KOHCTPYKTUBHI 0co0sMBOCTi. [0JIOBHA acTpoHOMiIYHA 00cep-
Batopisi HanlionanbHo1 akaaemii Hayk YKpaiHu po3poOusia
npeuusiitHy cucrtemy Kopekilii pyxy 0.7-m teneckorna A3T-2
i KOMMAKTHUI Ja3epHUI KOMYHIKAlliHHUI TepMiHAI JJIs
JTa3epHUX aTMOC(EPHMX i KOMYHIKAILIIITHUX €KCIIepUMEHTIB
3 reocTalioHapHUMM cynyTHUKaMu. CrieliaJbHe mporpaM-
He 3a0e3nevyeHHs J03BOJISIE CYNPOBOIXKYBATU CYMYTHUK IO
po3paxoBaHiil opOiTi 3a mormomMoror KoM 'totepa. Psa na-
3epHux ekcrepuMmeHTiB 3 ARTEMIS nposaguscs y yact-
KOBO XMapHUX yMoBax. [1py iboMy CItocTepirasioch CHIIbHE
po3IIeIIeHHST 300paXkeHb Bif JazepHoro Masika ARTEMIS,
MOXJIMBOIO MIPUYMHOIO SIKOTO € paMaHiBCbKe PO3CiIOBaHHS
GOTOHIB Ha MoJjeKyldax Boau. PamaHiBcbKe po3ciloBaHHS
MPU3BOIUTH O 3MiHU AOBXWHU XBWUJIi BUITPOMiHIOBAaHHS Ta
JIO pi3HUX 3Ha4YeHb KoeillieHTa 3aJOMJIEHHS 3MilLIEHUX 1O
TIOBXWHI XBUJIi (POTOHIB B HANPSIMKY MepUiaHa, MoAiOHO 10
aHOMaJIbHO1 aTMocepHol pedpakiiii moOJU3y TOPU3OHTY.
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OuiHeHo aTMocdhepHe ocnabaeHHS i BIULIUB TypOy/IeHIIii aT-
Mocdepu Ha CITOCTePEKHi pe3ysIbTaT.

KirouoBi cjioBa: 1azepHa KOMyHiKallisi, CyIyTHUK, aTMocde-
pa, XMapu, po3CitOBaHHSI.

B. Kysvkoe!, C. Kysvkos!, 3. Coonux?

I ThiaBHas actpoHOMMYEcKast 06CepBaTOPUs
HauuoHanbHoI akagemMuu HayK YKpauHbl, Kues

2 Epporneiickuii KOCMUUYECKUil UCCenoBaTeNLCKUii

u texHosornueckuit ueHTp, EKA, Hopaseiik, Hunepianabt

JIABEPHBIE OKCITEPUMEHTBI
CTEOCTALMOHAPHBIM CITYTHUKOM
ARTEMIS YEPE3 TOHKHME OBJIAKA

B wurone 2001 r. Obl1 3anyuieH reocrauroHapHbiii (IFEO)
cnytHUk ARTEMIS ¢ naszepHbIM KOMMYHMKAIIMOHHBIM
TePMUHAJIOM Ha OOpTYy, KOTOPBIM BIEpPBbIE B MUpE IPO-
BEZCHBI JIa3epHble KOMMYHWKAIIMOHHBIE CEaHCHl MEXIy
ciiytHuKOM ARTEMIS 1 HU3KOOpPOMTATBEHBIM CITyTHUKOM
SPOT-4. IlpoBoauiauch Takxke Jia3epHble KOMMYHUKalM-
OHHBbIE 3KCIIEPUMEHThI MEXKAY Ha36MHOM ONTUYECKOM CTaH-
uueit (HOC) EKA u cnytHukom ARTEMIS B paznuuHbix
atMocdepHbIX yciaoBusx. O0beMbl MHGOPMALUK, Tepena-
BaeMble ¢ [[EO-cIyTHUKOB, OBICTPO YBEIMUMBAIOTCS, U BO3-
HUKAaeT MOTPeOHOCTh B CKOPOCTHBIX KaHAJIaX CBSI3U MEXKILy
HOC u I'EO-cnyrHukamu. 7151 1a3epHOil KOMMYHMKAIIKA
C Ha3eMHOM CTAHILIMU Ha CIyTHUK BaXXHBIMU MapaMeTpaMu
€CTb BJUsIHUE aTMOC(HEpHOU TypOyJeHUMU B Pa3IMYHBIX
aTMOC(EepHBIX YCIOBUSIX U KOHCTPYKTUBHBIE OCOOEHHOCTH.
[maBHas actpoHoMUueckas obcepBaTopusi HammonanbHO#
aKkaneMuu HayK YKpauHbI pa3paboTaia Mpeu3noHHYIO CUC-
TeMy KoppeKuuu asukeHus 0.7-m Teaeckona A3T-2 u Kom-
NaKTHBIA Jla3epHbIA KOMMYHUKALIMOHHBIM TEpMUHAI IS
Jla3epHBIX aTMOC(HEPHBIX W KOMMYHMKAIIMOHHBIX 3KCITe-
PVMEHTOB C TeOCTallMOHAPHBIMU CITyTHUKaMu. Crieruaib-
HOe TIporpaMMHOe 0OecIieueHe MO3BOJISIET COMTPOBOXIATD
CITyTHUK TI0 PACYETHOU OpOUTE C TTOMOIIBI0 KOMIThIOTEPA.
Psan nazepHbix akcrepuMeHToB ¢ ARTEMIS npoBomuiics
B 4aCTUYHO 00Ja4yHbIX ycsioBusx. [Ipu 3TomM Habomanioch
CWJIBHOE paclIeIieHue M300pakeHUi OT Jla3epHOro masi-
ka cnytHruka ARTEMIS, Bo3MOXHOI MPUYMHOI KOTOPOTO
€CTh paMaHOBCKOE paccesiHre (POTOHOB Ha MOJIEKYJIaX BOJIBI.
PamanoBckoe paccesiHue MPUBOMUT K M3MEHEHUIO JTWHBI
BOJIHBI (DOTOHOB U3JTyYeHUS U K PA3TUUHBIM 3HAYSHUSIM KO-
¢ duimeHTa NpesoMIeHUs] CMELIEHHBIX MO JAJMHE BOJHbBI
(OTOHOB B HaMpaBJieHUU MepUIUaHa, TOJOOHO aHOMAaJlb-
HOIl atMocdepHoil pedpakuuu BOJU3M ropuszoHTa. Ole-
HeHO aTMocdepHoe ociableHnue U BIUSHUE TypOyJIeHIUN
aTMocdepbl Ha pe3yJIbTaThl HAOTIOIEHMIA.

KnroueBbie ciioBa: j1azepHasi KOMMYHMKALIMSI, CITYyTHUK, aT-
mocdepa, objiaka, pacceMBaHue.
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