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A bstract

A short discription of facilities and experiments carried out st Radiophysical
Ohwervatory of Kharkov State University is given

1. Introduction

The Space Hadiophysics Department of the Kharkov State University deals with
the design and wperading of the technical means (both stationary and mobile) of o
couplex rndioplivsical investigation of near-to-Earth space and its diangnostics; radio wave
propagation characteristics are being investigabed as well. The aim of this paper is 1o
oiitlne the capabilities of the Radiophvsical Obervatory where experiments are conducted,

2. Remote sounding of the lower ionosphere

Stationary and mohile facilities were made to investigate the complicated structure
and dynamics of the lower jonosphere by means of partial reflection, spaced antenna, cross-
modulation, and resonance scattering methods, The basic parameters of the stationary
eotmplex that & situatied at the Radiophysical Obervatory 40 km away from Kharkoy
and of the mobile complex that 15 mstalled in a tratler are bsted m Table 1. Both
the complexes are egipped with standard jonospheric stations. Each complex utilizes a
computer to control the experiment, format the data, and provide some real-time datas
reduction,
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The transmitting antennn array of the stationary complex coanprises 16 lnearly
polarized clements. The single array element is a thombus antenna, A linear polarization
is generated. The incident wave is split into two circularly polarized waves in the jono-
sphere. The receiving antenna consists of the two erossed double rhombi. The receiving
antenna polarization switch enables a separation of the ordinary and extraordinary modes
of about 22 dB. The two modes are received in the 10 ms interval, The signal plus noise
and the noise are determined separately, and the signal power found by subtraction, The
echicres returned from any of 250 selected altitudes in the jonosphere are analyzed either
i real time or after digital storage. A few data reduction methods are possible.

The space antenna technique s ssed to measure wind velocities in the inmmsphiore.
In this technigue, the same stationary complex emplovs the receiving antenna of two
crossed double rhombi as a travsmitting antenna and the transmitting arcay of 10 ele-
ments, divided into four subarrays, as receiving antennas,

Table 1. Lower jonosphere stationary and mobile complex design specifications

Statienary Mliakalle

Operational frequency band  1.6-15 MHz 1-10 MHz

(in 001 He steps)

Transmitting antenm 16 olements 4 elements
polarization linear linear
Aperture

f=1.5-4.5 MHz2 300 x 3000 ex 160 x 150 m
f=4.5-15 MHz G0 x GO
gain (f=1.54.5 MHz) L OH- 2000 25-540
Receiving antennn 2 crossed 4 delta
doubsle rhombl  antennas
paolarization circulur circular
polarization switch 22 dB 22 dB

Transmitter N
peak power 100 kW
averige power 100 kW
pulse length any value
pulse repetition (100 He

Transmitter N2
peak power 00 kW 300 kW
pulse length 10-E) jus LO-300) ps
pulse repetition 1-1080 Hz 1-100 HZ

Hersives
dytamic range Bi 4B 86 dB
IF bandwidth B kHz i) kHz

lonoapheric station standard standard

Considerable upgrading of the complexes s being carried out in order to widen their
capabilities. Thus, the usage of & computer 1o control experiments allows one to change
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equipment parameters from one pulse to another, providing the possibility of widening
the dyvnamic range of recorded signals, to obtain practically simoltaneons data 8t many
frequencies and to realize new methods of conducting experiments. Thus, for instance,
methods and compitter programs were worked out which provide simultaneous measure-
ments of height profiles of the electron density, N{z), the drift velocity of an jonospheric
plasma v{z}, and the callision frequency of electrons with the neutral molecnbes, {2}, by
means of the partial reflection, spaced antenna, and vertical sounding technigues.

The availability of the mobile complex allows one to obtain jonospheric parane-
ters with separation in latitude and longitude, From the partical reflection mensuroments
performed in the vicinity of Kharkov and Volgograd {stmiltaneously with rocket messure-
ments in sitn and using radio beacons) in middle latitudes and in the vicinity of Muormansk
in high latitudinal variations of Niz) and ¢z} in the D region were investigated. 1t has
been shown that the diurnnl ¢ (2)-changes in the D region are not large (smaller than 50
% ): the seasonal changes are ~ 150-200%, and the latitudinal ones are ~ 150-170 %, [1].

Investigations on the effects of some natural distarbing factors (strong thunder-
storms, terminator, qowerful earthgquakes, solar flares, and magnetic storms) in the
middle-Intitude ionspeheric region were conducted [2.4]; parameters of the generated or
enhanced disturbances were studied in these cases,

1. Doppler Sounding

Stntionary and mobile decameter Doppler radars were worked out to investigate
the ionospheric plasma dynamics during disturbanees (both natural and artificial), The
basic parnmeters of these [cilities are listed in Table 2.

Table 2. Statbonary and mobile Doppler decameter radar design specifications

Stationary Mabile

Operational frequency band  1.5-15 MHz 330 N H=
{in (0LO1 Hz stops)
Antenna

transmitting delta antenna delta sutenns

PerEiving delta antenna delta antennn
Transmitier

peak power 1 kW 1 kW

prualse leagth O i T M1es

pulse repetition 100-200 Hz 100-200 Hz
Heceiver

dynamic range a0 dB &0 dB

IF bamdwidth 10 EHz; 30 kHz 10 kHz; 20 kHz

system bandwidth 1 Hz 10 He
Master oscillator rubsledionm vapoor  crystal,

107" stahility

The stationary complex comprises two nnits of the facilities listed n Table 2. The
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signal is pussedd through the 20 kHe or 10 KHz IF filter widths of which correspomd toa 7.5
ko 15 ki beight resolution for the altitude range of 902450 km. This feature fvorably
distingmishes these radars from systems employving the comtinous sonnding rodio waves,
The digities] output 1= spectnun analyzed using the fast Fourer transform algorithm, The
instrument error of the measurements of freguency deviations does not exeesd +2.10°2
Hz for the maximum Doppler frequency shift of £5.0 Hz. In this case, the error in the
Doppler velocities of the ionospheric lovers is about 1.0 m /s, The high spect ral intensity
of a useful signal (in the absence of concentrated noise interference in an analyaeed band
of =~ 10 Hi) causes high sensitivity of the Doppler jonosonde, allowing to record signals
reflected from the onospherie formations having a small effective reflection cross-section.
The [reqguency resalution provides the possibility of studyving wavelike distrubances in
the tonosphere with a minimum relative change in the eleetron density of 0,19, The
mvailahility of the stationnry complex and the mobile complex allows one to information
on the irregular structure of the jionosphere with a spatial separation of 10-10.000 km.

The above-deseribed decameter Doppler radars mwere used to investigate trovelling
tonospheric disturbances generated by a terminator, a shadowed region uidler 5 total solar
eclipse, powerful acoustic waves, ete, The most interesting results were obiained when
sounding artificial jonospheric formations were caused by releases of plasma-creating and
plasma- extinguishing reagents at the E-region altitudes [4.5].

4. Multipurpose program-equipment complex

The multipurpose progeam-equipment complex was designed and created to lnves-
tigate the variations of characteristies of radio signals over 00003-30 MHz and 1o study
chiange-rate phenomena in the lonospheric plasma. All receiver oscillstors are controlled
by a [requency-synthesger syvstem | depending on the operation mode, with & sensitivity
of 0,2-8 4 V for the VLF and HF bands, respectively; an input dynnmic range not smaller
than 80 dB); & radio transmitter operating over (L4-30 MHz {average power 1.5 kW) and
an [BM compatible computer.

The complex operates in the modes of a vertical (active) and oblique Doppler
sounding and with panoramic monitoring of an electromagnetic situation: choice of the
ohservation mode is defined by a problem solved in a particular experiment.  Signal
sourees for oblique Doppler sounding are: roadeasting radio stations, navigation and
time-keeping services,

The sultware allows one to carry out effective filtering of digital signals in real time
with their follwing decimation. The further data processing realizes the ditferent types
of detection (lnear. square-law, peak), histogrnm construction, algorithms of obtsinin the
spectral and statistical characteristics of received signals an their presentation in digital
ur plot form. A satisfactory aceuracy of hyothesis testing and parameter determinalion
of radio signals is, in some cases, achieved when data is prooessed in real time at the same
time, the results of calenlations are shown by a plotter.

At the present time. the complex is being equipped with an antenna array for the
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estimation of the angles of arrival of HF radio waves.

Among other equipment available at the Radiophysical Observatiory, there are
mineteen systems for the reception of sigials of different navigation systems (TRANSIT,
CICADA, NAVSTAR, GLONASS, ete.) and rocketborne beacons, a three-axes magne-
tometer, and now under construction, a multipurposs UHF radar for investigation of the
atmosphere and ionosphere using scattered signals. The parameters of this radar are
expected to be as follows: [ = 1.6 GHz; peak power of about 3.4 MW; a fully steer-
able parabolic dish antenna, 15 m in diameter with s gain of 5004 and system noise
temperature of 60 K,

5. Experimental Results

The deseribed faeilities alliw one to investigate the fine structure of jonospheric
response to sources of distrubances of different nwiure. Figure 1 reflects an example of
the experimental results. It shows the typical results obtained by means of the partiol
reflection technique at a distance of about HLO000 km from the Shuttle launch complex.
The lower pannel contains temporal variations of the smoothed over 30 s intervals ordinary
and extraordinary components of the intensity of partially reflected signals < A7 | =. The
upper panel shows temporal variations smoothed over the sane fntervals ordinary and
extracrdinary componenis of the imtensity of the notse. The time § = 0 corresponds to
the ignition. The distinguishing features include a substantial rise in the magnitude of
the ordinary component of the noise and a subsequent ‘negative * value of the signal.
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Figure 1. Varatbon with time of relative powes

Thus of the Kharkov State University experimental base, the Radiophysical Ob-
servatory allows on to attain operational and detailed information on the atmosphere-
ionosphere-magnetosphere svstem and the radio wave propagation conditions on different
wave bands.
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i. Discussion

The deseribed Radiophysical Observatory allows one to conduet complex investi-
gations on the morphological features of change- rate processes in near-to-Earih space
which are related with the effects of such powerful local sources ns eartheunkes, strong
thunderstorms terminmors, solar fares, magnetic storms, the launch and fight of space
vehicles, reentry into the Earth's atmosphere, explosions, release of chemical reagonts,
powerful radio fregueney mdiation, ete.
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