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ABSTRACT. In the work, a possibility 1s shown of

using an artificial laser source (a laser star) as a refe-

rence one to obtain an undistorted 1mage of artificial
Farth’s satellites.
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Atmospheric turbulence and distortions, caused by
1t, of artificial cosmic objects’ 1mages, 1n particular,
of artificial Earth’s satellites (AES) as well as com-
pensation methods of these distortions have been stu-
died thoroughly and for a long time (Tatarsky, 1967;
Bacoot, et al., 1977). One of compensation methods
consists 1n obtaining 1images of a point source located
within an 1soplanatism angle ©g 1in wich the observed
object 1s olso found, 1n subsequent assessment of the
wave Ifront distortion, and then in compensations of
these distortions in the obtained 1mage of the object
of interest. However, during AES observations 1t 1s 1n-
tricate to find such a source (and even if it 1s found)
1ts use 1s rather problematic. The possibility has been
lately studied to use an artificial laser star (Bacoot,

et al., 1995) as a reference source. The report deals
with the mvestigation of this problem. The following
questions are consldered: energetics, the star’s size, fo-

cal nonisoplanatism, nonpoint possible compensation
methods, analysis of efficiency of using an artificial la-
ser star (ALS) as a reference source.

Let us consider ALS as being formed due to the reso-
nance scattering eflect 1n a sodium mesospheric layer.
At a height of 90 kms above the earth’s surface the so-
dium atom number density 1s maximum and amounts

to 10° - 10* em. The resonance scattering section is -
8 10712 em?. A relatively high sodium atom number
density 1n the mesosphere and a large eflective cross
section of the back scattering make the sodium layer
most suitable for forming artificial reference radiation
SOuUrces.

The calculation of mean energy should be carried
out 1n several steps. First, 1t 1s necessary to calculate
the reaction of one unlabile atom per laser radiation.
Then, the broadening of atomic scattering lines due to
different reasons should be assessed: Doppler broade-

ning due to atomic motion, broadening due to pulse
character and partial coherence of laser radiation, bro-
adening due to finite time of atomic passing by the
laser ray. Taking account of all these factors permitted
to derive a formula for energy signal received {from an
artificial star.
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where

K 1s the coeflicient taking into account absorption, re-
action and a detector;

P 18 the energy received;
Frqaq 18 the radiated energy;

0, 1s the cross section of resonance scattering [m2],
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A 18 the wavelength of atomic transition, A=589 nm,

A 18 the area of aperture [m2]j

N 1s the mean sodium atomic number density in a la-
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yer [m™"],
h 1s the thickness of the layer [m],
R 1s the distance to the layer [m]
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Teorr 18 the root-mean-square extension of a radiated
signal correlation interval [c|,

7; 1s the pulse duration [c|,
v 18 the natural bandwidth of atomic transition, y=10
MHz,

o, 1s the mean-root-square scatter of velocities of ato-
mic thermal motion (of one component), ¢,=278 m
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o is the area of radiating aperture [m?],
f 1s the focal length [m]

o4 18 the root-mean-square extension ol atmospheric
fluctuations [m)].

1s the wave number,

According to the formula obtained, calculations were
made which showed that in the existing elemental fase
(Zollars, 1992), and moreover in the promising one,



120

Odessa Astronomical Publications, vol. 9 (1996)

the registering, and therefore assessment of distortions
may be possible.

Calculation of geometrical dimentions of LAS under
the following assumptions: - the function of a pupil

A(p) 1s

-

2
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where g - 1s the lateral radius-vector {|m| & 1s the equ-

valent cross-section of a laser bunch at the opering [m)|,
The function of coherence I'(p) 1s
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where B - the root-mean-square extention of atmosphe-
ric fluctuations [m|, gives the following sizes of laser
bunch cross-section at a distance z|m| over the Earth’s
surface dy, [m]|:

r(7) = exo ( (5)

Calculations yield a result from several to tens of
centimeters.

The analysis (of physico-chemical problems: nonpo-
ints of a reference object, focal non-isoplanatism) has
shown that a method of using a laser star for AES-
observations can be realized. All the necessary calcu-
lations have been made at the theoretical department
of Prof.P.A.Bacoot and they are to be put into prac-
tice at the Department headed by Yu.A.Medvedev 1n

Odessa astronomical Observatory.
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