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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 0.7 m 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 computerized 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

Series of laser communication sessions between the
geostationary (GEO) satellite ARTEMIS and the low
Earth orbit (LEO) satellite SPOT-4 were conducted
between April 1, 2003 and January 9, 2008 covering in

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
S . with the optical stations in Japan (NICT) [4, 22, 23].
total 378 hours [21]. Laser communication experi- Similar tasks were accomplished by the Ger-man

ments in various atmospheric conditions were also :
performed between ARTEMIS and ESA’'s optical fggce A%ZE;}(“EZLR) qur;gSAgTXComgigy, us;\TEIFt;/\I/Eo

ground station (OGS) located at Canary Islands (al-

. -1
fitude 2400 m) [1, 15, 16, 19]. The Japanese Space demonstrating data transfer rates of 5.6 Gb s™* at a

distance of up to 5,100 km using Binary Phase Shift
Keying (BPSK) modulation [13, 14, 18].In the fol-
© V. KUZKOV, S. KUZKOV, Z. SODNIK, 2016 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, durinmodulationg 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 la-ser
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,
respectively). The user data rates will be up to 1.8 Gb
s* at a distance of 45000 km. The satellite EDRS-A
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
communication terminal LACES (Laser Atmosphere
and Communication Experiments with Satellites) [9—
11]. Most of the subsystems are mounted on the
platform at the Cassegrain focus (F = 10.5 m) of the
telescope.

All of the equipment was tested with LCT OPALE
onboard of ARTEMIS. Established laser links
between LACES terminal of AZT-2 telescope and
OPALE LCT onboard ARTEMIS were held for 20
minutes. After the OPALE beacon scan stopped,
OPALE and LACES terminals kept targeting their
telescopes. The divergence of a laser beam from AZT-
2 was approximately 1.5 arc seconds. Maximum
signal strength achieved of OPALE was 90 nW m™
Short communication links were sustained in total 6
minutes [5, 12]. Some of the laser experiments with

ARTEMIS satellite were also performed through
thin cloud layers and tentative results were presented

at 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
forward 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,
pointing and tracking digital cameras, which are
working in a Cassegrain focus of AZT-2 telescope.
The digital camera for pointing has a color CMOS
sensor with a resolution of 3072x2048 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 15.67x9.86 arc minutes. The tracking CCD
(16-bit ADC) camera has a resolution of 752x582
pixels with a field of view 2.05x1.53 arc minutes and
works at the telescope focus near to 10.85 m.

The beacon of OPALE terminal transmits in the
wavelength band 797—808 nm with a beam
divergence of 750 prad. 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 spot size of the beacon on ground is
approximately 29 km in diameter In addition, OPALE
has a narrow (7.5 prad) beam at A = 819 nm. During
the sessions on October 26, this narrow beam wasn’t
used.

Typical photometry data sample of OPALE during
the beacon scans is shown in Fig. 1. Bright peaks
indicate a light coming from the laser beacon of
OPALE during the scans 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 partially clouded at this time.
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Fig. 1. Photometric data of ARTEMIS during the beacon scan
- CEEC—

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

Table 1. Session 1'_ The exposures were 2 seconds long with a time
ARTEMIS observation parameters interval of 2 seconds be-tween them, so the full

Time Stellar duration of an image cycle was 4 seconds. The
# Art-image Notes elevation angle of the satellite above the horizon was
hhomm:ss | magnitude, m 22 degrees. The photometry data for ARTEMIS
satellite during the beacon scans in light cloudiness is
shown in Table 1.
art 3174 19:02:52 - clouds Recorded images (art 3174 — art 3178) with and
art 3175 19:02:56 7.642 active beacon  wjithout the beacon beam visible through the clouds
art 3176 19:03:00 7.426 active beacon  are given in Fig.2. The centre of each image is marked
art 3177 19:03:04 7.500 active beacon with a crosshair.
art 3178 19:03:08 — clouds
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Fig. 3. The 2-D view of the frame “art 3176”
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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 “art3177”. We did not observe
wide splits of laser beacon beam during the second
beacon scan.

By the end of the beacon scan, at the time period of
19:07:42 — 19:08:02 the sky cleared and the satellite
became visible in the reflected sunlight. Later, the sky
overcast again.

Previously, we initiated the comparative studies of
the atmospheric turbulence instability for two
telescopes, ESA OGS and MAO AZT-2, and different
elevation angles [6]. Further, the comparative
investigations of relative motion correlations of binary
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 3252”, “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.
ARTEMIS observation parameters

calculations performed using the Maxim DL-Pro5

Time Stellar software is presented in Fig. 4. The results of the
# Art-image Notes measurements are in Table 2.
hh:mm:ss Magnitude, m . . .
With the full time interval T = 20 seconds and total

drifts AX = 5.469 pixels or 1.79" and AY = 4.086 pixels

art 3306 20:03:33 — clouds or 1.29", the drift for 2 seconds of exposure along X(a)
art 3307 20:03:37 7.188 max.beacon axis is AX = 0.547 pixels or 0.179" and the same one
art 3308 20:03:41 6.318 max.beacon along Y(d) is AY = 0.409 pixels or 0.129". The last two

columns of Table 2 show that deviations of

art 3309 20:03:45 — clouds . . . .
photometric centroids of each image relative to the

art 3349 20:06:26 - clouds previous one are less than 0.669" for X direction and

art 3350 20:06:30 7.745 max.beacon 0.759" for Y one. It is significantly less than the

art 3351 20:06:34 7.776 max.beacon splitting in the frame “art 3176" , AY(d) = 1.58".

art 3352 20:06:38 — clouds
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Fig. 6. 2-D view of the frame “art 3307”

N art3308

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 20"00™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. 10.

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 Y and a small
one along X axes in “art 3308” image. The angular
separation was: AY = 3.792", AX = 0.632" between A
and B components, AY = 4.424", AX = 1.962" between
A and C components, and AY= 5.372", AX=0.632"
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Fig. 8. Frames “art 3349" —

“art 3350” —

“art 3351”

“3352". ARTEMIS beacon beams through clouds:

Table 4. Coordinate measurements of the satellite in reflected sunlight

Image # Time obs. Centroid X, pixels Centroid Y, pixels X(a), pixels, (arc sec) Y(d), 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 144516 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)

between A and D com-ponents. The next beacon
peak observed hrough clouds appeared in
“art3350” and “art3351” frames.

For the frame “art3350” (Fig.9), the angular sepa-
ration 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 atmospheric
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 time interval AT = 40 secomds, total drift
AX =9.364 pixels or 3.06” and AY = — 6.049 pixels
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N art3350

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

N art3351

| . =

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

or —1.91", the drift for 2 seconds of exposition along
X(0) axis is AX = 0.468 pixels or 0.153" and the same
one along Y(d) 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 direction
and 1.189" for Y direction. Both the maximum
deviations are less than the splitting of the images.

ISSN 1561-8889. KocmiyHa Hayka i mexHosioeis. 2016. T. 22. Ne 4

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 21"00™35° and 21"03™40°,
In some exposures, our OGS laser was in operation
pointing in the direction to ARTEMIS, and the pho-
tometric results were distorted (these time periods are
marked as “OGS laser” in Table 5). The photometry
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Fig. 11. Frames “art 4327”, “art 4330", “art 4331”", “art 4333", “art4334”, “art 4336"

results are presented in Table 5. The satellite
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

Time Stellar
# Art-image Notes
hh:mm:ss magnitude, m
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
46

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 pixels that is 2.400" and AY = 2.025
pixels or 0.640", the drift for 1 second of exposition
along X (0) axis is AX = 0.092 pixels or 0.030" and the
same one along Y () 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 direction
and 1.212" for Y direction.

2.5. Influence of atmosphere and clouds on laser
radiation.

We suggest the following possible explanation for
the observed splitting of the image of the laser beam
from the ARTEMIS satellite at low elevation angle.
The atmosphere can be assumed as a large optical
“lens” with nonhomogeneous components. The
thickness of the atmosphere in the Earth’'s polar
regions is less than in the equatorial regions. As a
result, a refraction gradient occurs in the meridian
direction.
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N art4331

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

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-
guency Vo and photon energy hvy interacts with

Table 6. Coordinate measurements of sun reflected satellite

molecules of water vapor with energy E(1):
hvo + E(1) = h(vo — V1) + E(2)

The result is h(Vo — v1) < hvg and E(2) > E(1). E(2)
is a new, more unstable vibration-rotation energy of
water vapors molecules. On the further step:

hvo + E(2) = h (vo + V1) + E(1)

As a result, the photons with energies hvo, h(vo —
V1), h(Vo + V1) appear in clouds. For frequencies Vo,
(Vo — v1), and ((vo + v1) the refractive index of the
atmosphere 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 X(0), pixels, (arc sec) Y(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. Ky3bkoB 1, C. Ky3bkos 1, 3. COOHIK 2
! ['on0BHa acTpoHoOMiYHa ob6cepsaTopis
HaljioHasibHOT akazeMii Hayk YkpaiHu, Kuis

2 €Bponeicbknii KOCMIYHUIA AOCAIAHNLBKWIA
i TexHONorivHWi LeHTp, EKA, Hypagik, Higepnanau

NTABEPHI EKCMEPUMEHTA
3 FTEOCTALIOHAPHVM CYMYTHUKOM
ARTEMIS KPI3b TOHKI XMAPW/

Y nunHi 2001 p. 6yno 3anyuieHo reocTauioHapHuii (FTEO)
cynyTHMK ARTEMIS c nasepHUM KOMyHiKauiiHUM TepMi-
Ha/sioM Ha 60pTy, AKUM BnepLle y CBIiTi NPOBEAEHO NasepHi
KOMYHiKaLiiHi ceaHcn MK cynyTHuKom ARTEMIS i HK3b-
Koopb6iTasibHUM cynyTHUKOM SPOT-4. poBaaninca Takox
nasepHi  KOMyHiKaLiiHi  eKCnepuMeHTM MK Ha3eMHOH
ontnyHow cTaHuieto (HOC) €KA i cynyTtHnkom ARTEMIS y
pi3HNX atmocdepHnx ymoBax. O6’emu iHopMmauii, Lo
HaaxoaaTb i3 TEO-CynyTHUKIB, LWBMAKO 36inblUyOThbCA, i
BMHUKAE NnoTpeba y WBMAKICHNX kaHanax 3B'A3ky ¢ HOC Ha
FEO-cynyTHukn. [na nasepHOi KOMyHikauii 3 HaseMHol
CTaHUii Ha CynyTHWK BaXNMBMMMK (pakTopamu € BB art-
MoChepHOi TypOyeHuil Npu pi3HUX atMocqepHUX ymoBax i
KOHCTPYKTUBHI 0cO61MBOCTI. [0N0OBHA acTpoHOMiYHa 06-
cepsaTopis HauioHanbHOI akagemii Hayk YKpaiHu po3pobu-
na npeuusiitHy cnctemMy Kopekuii pyxy 0.7-m Teneckona A3T-
2 | KOMNaKTHWIA Na3epHUn KOMyHiKaLiiiHWiA TepMmiHan gnsa na-
3€PHUX aTMOCHEPHMX | KOMYHIKaLiiiHUX EKCNEPUMEHTIB C

reoctauioHapHumu  cynyTHukamu  (JIAKEC). CneuianbHe
nporpamHe 3a6e3neyeHHs 403BOSE CYNPOBOLKYBATU

CynyTHMK NO  po3paxoBaHii  opbiTi 3a [ONOMOrow
Komm'loTepa. Pag nasepHux ekcriepumeHTis 3 ARTEMIS

NpOBOAMBCA B 4aCTKOBO XMapHuWX YyMoBax. [lpn ubOMy
CroCcTepira/iocb  CWIbHE pOo3LLEnIeHHA 300paxeHb Bif
nasepHoro masika ARTEMIS, MOXNUBOKO MPUYMHOKO SKOTO €
pamaHiBCbke pOo3citoBaHHA (DOTOHIB Ha MOJieKynax BOAW.
PosciloBaHHs PamaHa npu3BoAWTb 40 3MIHW JOBXUHU XBUA

BUMNPOMIHIOBaHHA Ta [0 PIi3HMX 3HayeHb KoedilieHTa
3a/I0M/IEHHSA  3MILLEHUX MO  [OOBXMWHI  XBWNi  (DOTOHIB B
Hanpsmky mMepuaiaHa, nopibHo no aHoMaUTbHOT
aTtmocepHoi  pedppakuii  mo6sm3y  ropusoHTy. OuiHEHO

aTtmocdepHe ocnabneHHs | BNAnB TypbyrieHuii atmocdepu
Ha CMoCTePEeXHi pe3ynbTaTu.

Knroyosi cs1o8a: nasepHa KOMyHikauisi, CynyTHUK,
aTmocdiepa, XmMapu, PO3CitoBaHHS

B. Ky3bkos 1, C. Ky3bkos 1, 3. CoOHUK 2

1
InaBHasA acTpoOHOMUYecKas obcepBaTopys
EaLWIOHaﬂbHOVI akagemMmun Hayk YKpanHbl,
nes

2 o o < o
EBponenckuii KocMUYecKui nccnenoBaTesibCKum

Y TeXHosornyecknin uenTp, EKA, H BUK,
HugepnaHgbl HeWTp YPA

NA3EPHbIE SKCMNMEPVMEHTDI
C rEOCTALUMOHAPHbBIM CTYTHUKOM
ARTEMIS YEPE3 TOHKUME OBJIAKA

B ntone 2001 r. 6b11 3anyLyeH reoctaymoHapHsiin (FEO)
cnyTHUK ARTEMIS ¢ nasepHbIM  KOMMYHUKALVOHHbLIM
Tep-MUHasIOM Ha 60pTy, KOTOPbIM BrEpBble B MUpe
npoBefeHbl NasepHble  KOMMYHUKaLWOHHbIE  CeaHChbl
mexay cnyTHukKom ARTEMIS 1 Hu3koop6uTasibHbiM (HO)
cnyTHukom SPOT-4. JlasepHble KOMMYHUKaLVOHHbIE
3KCMEePUMEHTbI MEX/AY Ha3eMHOW OMTMYECKOl CTaHLMeNn
(HOC) EKA wn cnytHukom ARTEMIS B pasnnyHbIX
aTMOCepHbIX  YCMOBUSAX Takke ObliM  NpOoBefeHbl.
O6bembl  MHGOpMaumMn  nepegasaemble ¢ [EO
CMYTHVWKOB  ObICTPO  YBE/IMYMBAETCA W BO3HUKAET
noTpebHOCTb B CKOPOCTHbIX KaHasiax cBA3n ¢ HOC Ha
FEO cnyTHukn. [ONA  na3epHoO  KOMMyHMKauMm C
Ha3eMHOV CTaHLUMW Ha CMyTHUK B/MSHWE aTtMocepHoi
TypOyneHuMn B pas/inyHbIX atMOCepHbIX YCMoBUAX U
KOHCTPYKTUBHbIE OCOGEHHOCTV  SBAAKOTCA  BaXKHbIMM
napameTpamu.
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V. Kuzkov, S. Kuzkov, Z. Sodnik

FnaBHas acTpoHoMuyeckas obcepsatopust HaunoHasbHOM
akage-mum  Hayk YkpauHbl paspaboTania npeuusnMoHHYHo
cuctemy Koppekuum asmxeHua 0.7 m Tteneckona A3T-2 un
KOMMaKTHbIA Na3epHbIl KOMMYHUKALVOHHBIA TepMUHa Ans

NasepHbIX aTMocdepHbIX " KOMMYHWKaLOHHbIX
9KCMEPVMEHTOB  C  eoCTauuMoHapHbIMKW  CMYTHUKaMM
(NAKEC). CneunanbHOe nporpammHoe  obecnevyeHue

NMo3BOJISIET CONPOBOXAaTb CMYTHWUK C NMOMOLLbIO KOMMbIOTEPa
N paccynMTaHHOW opbuTbl CNyTHMKA

Papn nasepHbix akcrnepumeHToB ¢ ARTEMIS nposoawnicsa B
4yacTU4YHO 06naYHbIX ycnosusax. MNpu 3TOM YacTb NasepHoro
M3lydeHnss OT ChyTHUMKa Habnwganacb 4epe3 obnaka.
CunbHOe pacluen/ieHne N306paxkeHunii oT nasepHoro mMaska
cnyTHuka ARTEMIS  Hab6nwoganocb 4epes  obnaka.
ATmochepHoe ocnabneHne n BNnsHWe TypoyneHumm atMoc-

dhepbl Ha Habnogaemble pesynbTarbl Obl/IM  OLEHEHDI.
Bo3moXHOe 06bsICHEHVE HabNoAaeMbIX pesynbTaToB eCTh
paccesHne PamaHa (DOTOHOB W3My4YeHUS Ha MoOsiekynax
armocdiepsl (napos BoAbl). PaccesiHne PamaHa npuBoAaunT K
M3MEHEHWIO [/MHbI BOSIHbI (DOTOHOB U3/ly4YeHus u Ao
pasNnyHbIX KO3IAPULMEHTOB NPEIOM/IEHNA A1 CMELLLEHHbIX
no [/IMHe BOJIHbI (DOTOHOB B HanpasfieHny MepugmaHa. 310
NnoAo6HO aHOMaUsTbHOM aTMOCIEPHON pedpakumm Ha MasbIxX
yrnax K Tropu3oHTy. PesynbTaTbl HabnwAeHnin un - ux
MHTepnpeTaumns U3NoXeHbl B CTaTbe.

Knrouesbie criosa: nasepHasi KOMMYHUKaUWS, CNYTHUK,
aTmocdpepa, obnaka, paccemBaHue
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