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_______________________________________________________________________________________________________ 

 

In the next few years, a new radar is planned to be built near Irkutsk. It should have capabilities of incoherent scatter 

(IS) radars and mesosphere-stratosphere-troposphere (MST) radars [Zherebtsov et al., 2011]. The IS-MST radar is a 

phased array of two separated antenna panels with a multichannel digital receiving system, which allows detailed 

space-time processing of backscattered signal. This paper describes characteristics, configuration, and capabilities of 

the antenna and transceiver systems of this radar. We estimate its potential in basic operating modes to study the 

ionosphere by the IS method at heights above 100 km and the atmosphere with the use of signals scattered from 

refractive index fluctuations, caused by turbulent mixing at heights below 100 km.  

 

The modeling shows that the radar will allow us to regularly measure neutral atmosphere parameters at 

heights up to 26 km as well as to observe mesosphere summer echoes at heights near 85 km in the presence of 

charged ice particles (an increase in Schmidt number) and mesosphere winter echoes at heights near 65 km 

with increasing background electron density. Evaluation of radar resources at the IS mode in two height 

ranges 100–600 and 600–2000 km demonstrates that in the daytime and with the accumulation time of 10 min, 

the upper boundaries of electron density and ionospheric plasma temperature are ~1500 and ~1300 km 

respectively, with the standard deviation of no more than 10 %. The upper boundary of plasma drift velocity is 

~1100 km with the standard deviation of 45 m/s. The estimation of interferometric capabilities of the MST 

radar shows that it has a high sensitivity to objects of angular size near 7.5 arc min, and its potential accuracy 

in determining target angles can reach 40 arc sec. 

 

Keywords Incoherent scatter radar · MST radar · Phased array · Atmospheric radar potential · Ionosphere · 

Atmosphere 

__________________________________________________________________________________ 

 

INTRODUCTION 

 

Under the national heliogeophysical complex project, a new radar for extensive atmospheric research is planned to be 

developed. High radiation power and large aperture of the radar will allow us to study the ionosphere by the incoherent 

scatter (IS) method and the neutral atmosphere at heights of the mesosphere, stratosphere, and troposphere (MST). The 

radar is being worked out by Academician A. L. Mints Radiotechnical Institute (RTI) experienced in designing radars. 

The radar is developed from existing RTI instruments and is modified for atmospheric research purposes. It is necessary to 

study design features of the IS-MST radar and to assess its scientific potential. 
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The main purpose of the radar is to examine the structure and dynamics of the neutral atmosphere and 

ionosphere, as well as their interactions. Observations of the neutral atmosphere involve measuring the full vector of 

wind velocity, parameters of turbulence and atmospheric layers at tropospheric, stratospheric, and mesospheric 

heights. Of special interest are mesospheric echoes [Rapp, Lubken, 2004], which appear in summer and winter, 

being sometimes accompanied by noctilucent clouds [Romejko et al., 2003]. MST measurements also include 

studies of meteors at heights of the mesosphere and lower thermosphere, scattering by thermal plasma fluctuations, 

atmospheric gravity waves, and specular atmospheric layers [Hocking, 2011]. The IS method allows us to obtain 

ionospheric plasma parameters – electron density, ion and electron temperature, ion content, plasma drift velocity – 

at 100–2000 km and to observe ionospheric irregularities, coherent echoes, and the D layer. Thus, the radar will 

enable us to examine physical processes and interactions in the neutral atmosphere–ionosphere–plasmasphere system. The 

radar is also designed for interferometric observations of the fine structure of atmospheric irregularities and localized 

targets (satellites, space debris, and meteors), and for passive radioastronomical observations of the Sun and space radio 

sources. The national heliogeophysical complex includes a number of optical instruments, which will be located near the 

IS-MST radar and will increase its diagnostic capabilities. For example, observations of the lower and middle atmosphere 

along with lidar measurements make it possible to explore transfer processes [Bertin et al., 2001]. 

 

There are only about ten IS radars and twenty large MST radars in the world. Over the past five years, such 

instruments as the MST radar MAARSY in Norway [Latteck et al., 2012] and the MST/IS radar PANSY in 

Antarctica [Sato et al., 2014] have been put into operation. The multifunctional radar EISCAT-3D [McCrea et al., 

2015] is planned to be developed. In its technical characteristics, the IS-MST radar should be highly competitive 

with the state-of-the-art systems. At present, we plan to locate the radar near Lake Baikal. This will enable us to 

study the atmosphere and ionosphere over the East Siberia, the region that has not had a diagnostic tool with such a 

large field of view before, and to complement the global radar network. In addition, this will facilitate ecological 

monitoring of the atmosphere near the lake.  

 

The paper describes the antenna configuration and characteristics of the radar’s transceiver system, estimates 

the height range and the radar potential for working in MST and IS modes and for interferometric and 

radioastronomical research.   

 

CONFIGURATION AND CHARACTERISTICS OF THE RADAR 

 

The antenna system of the IS-MST radar consists of two phased arrays (panels) located along the magnetic meridian 

at a distance of 100 m from each other and tilted northward and southward at 20° (Figure 1). Each antenna panel is 40×40 

m and includes 1536 cross-dipoles in the triangular lattice. The field of view of each antenna panel is ±45°, and the total 

field of view of the radar is ±65° from north to south and ±45° from east to west relative to the magnetic meridian. It 

should be appreciated that beam steering causes the beam to expand and the gain to decrease; therefore, for this radar 

configuration the potential increases at a 20° tilt relative to the horizon and decreases if the beam is directed vertically. The 

receiving system processes signals of two polarizations. In the radiation mode, the signal has a linear polarization. This 

facilitates Faraday rotation measurements of the absolute electron density [Shpynev, 2004].  

 

We have chosen the location of the radar to narrow the radio horizon – the distance to nearest obstacles capable 

of generating clutter. This is required to decrease the minimum distance at which characteristics of a medium can be 

measured. Residual clutter will be compensated through special signal processing.  
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Table 1 

Characteristics of the IS-MST radar 

Characteristic  Notation Value 

Frequency range f 154–162.7 MHz 

Configuration – 
2 square arrays  

40×40 m 

Antenna – Cross-dipole 

Number  

of antennas 
Nt 3072 

Peak power  Pt 2 MW 

Effective antenna 

area (2 arrays) 
Ae 2500 m2 

Mean sidelobe 

level 
– –35 dB 

Noise  

temperature 
Te ~500 K 

Beamwidth θ0.5 
2.5×2.5° 

(1 array) 

Receiver 

bandwidth 
ΔB 625 kHz 

Bit length of 

coded pulse 
τl 3.2 µs 

Minimum height 

resolution  
Δr 480 m 

Pulse repetition 

frequency  

(MST/IS-1/IS-2 

mode) 

PRF 1333.3/250/75 Hz 

Pulse length 

(MST/IS-1/IS-2 

mode ) 

τp 51.2/700/6500 µs 

Duty cycle  

((MST/IS-1/IS-2 

mode) 

q 6.8/17.5/37.5 % 

Product of mean 

power by effective 

area 

Pm · Ae 
3.4·108/8.75·108/18.75·1

08 W·m2 

Field of view – ±45° 
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The signal comes from a digital synthesizer, is transferred to an intermediate frequency, and is converted into the 

analog form. Then, it divides into all transmitters where it is phased in accordance with the desired direction. The phasing 

in the transmitting system is accomplished by four-bit analog phase shifters with a phase discrete of 22.5°. The selected 

phase quantization step of the analog phase shifter results in a gain reduction by 0.06 dB and in a sidelobe level increase. 

Synchronizing signals are also formed by a single local oscillator and divide into all transceiver modules; therefore, the 

radar is phase-coherent with respect to transmitted and received radio pulses. 

 

The receiving system, as opposed to the transmitting one, is all-digital: signals of each polarization from the 

antennas are intensified in a low noise amplifier, are filtered and digitized. This ensures a wide dynamic range (less 

than 83 dB) that facilitates reception of both weak incoherent signals and strong coherent signals from the neutral and 

ionized atmosphere. The minimum operating height also depends on the chosen dynamic range because strong clutter 

leads to saturation in the receiving system, thus impeding their filtering. Received digital signals are split into quadratures, 

are phased and partially summed up, forming 12 channels from each array in two polarizations and two quadratures, 

making a total of 96 digital channels. In addition, the transceiver system will enable us to specify arbitrary amplitude and 

phase distribution in the antenna panel for signals from subarrays of 16 cross-dipoles. Therefore, we can obtain antenna 

patterns (AP) with a low or zero level of side lobes in selected transmitter and receiver directions. 

 

Figure 1 pictures AP for one antenna panel (1536 elements) in the ground plane. The AP is designed using the 

classical approach considering the whole antenna field as a single phase center. This allows the calculation time to 

be reduced. In this case, the effect of mutual coupling between antennas, which causes distortion of AP in individual 

array elements, is ignored. To compensate tilt of the array, elements of the antenna panel is phased so that the main 

lobe is directed vertically. The AP has a non-symmetric bend form due to the triangle arrangement of elements and 

transformation of coordinates to the ground plane. In future, we will simulate the AP more accurately, taking in 

account fields of individual antennas and interactions between them. 

 

Characteristics of modern IS radars are given, for example, in [Medvedev, 2014]. Most of the radars, 

constructed before 2000s, have parabolic antennas with a gain over 40 dB and 1–5 MW tube transmitters. Some 

MST radars are outlined in [Hocking, 1997]. In addition to them, we should mention such modern radars as EAR, 

MAARSY, and PANSY. Unlike IS radars, nearly all MST radars are multibeam phased arrays. This is most likely 

due to less severe requirements on the power of transmitted signal. The development and cheapening of digital 

integral devices offer an advantage to phased arrays that enable us to rapidly change beam direction, study several 

directions at a time, and change the shape of AP at different amplitude and phase distributions. The IS-MST radar 

with its peak power of 2 MW, aperture of 80×40 m, and digital antenna system can make atmospheric observations 

on a level with first-class instruments. At present, the Institute of Solar-Terrestrial Physics SB RAS studies the 

ionosphere, using the Irkutsk IS radar [Zherebtsov et al., 2002; Potekhin et al., 2008]. The main shortcomings of the 

radar are that it cannot make measurements at heights up to 150–200 km and has a fixed pulse-repetition period 

(24.4 Hz). The location of the new radar has been chosen to have a narrow radio horizon; hence the radar will not 

suffer from such shortcomings. The radar is unique also because its two antenna panels are spaced apart by 100 m 

and are tilted along the magnetic meridian. This position of the antenna arrays makes it possible to perform 

interferometric observation and to examine irregularities stretched along the magnetic field. Notice that nowadays 

there are only two radars working at 158 MHz: Kharkov and Irkutsk radars, which are similarly designed. 
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POTENTIAL OF THE RADAR FOR STUDYING THE LOWER, MIDDLE,  

AND UPPER ATMOSPHERE 

 

Primary objectives of the radar are to examine dynamic processes in the upper, middle, and lower atmosphere 

and to study variations in ionospheric plasma parameters and interactions in the atmosphere–ionosphere–

plasmasphere system. Accordingly, the radar should cover a wide range of heights. Yet medium parameters vary 

considerably with height, and the atmosphere should be examined by various methods. The main sources of echoes 

in this range is the incoherent scattering by thermal fluctuations of ionospheric plasma and the Bragg coherent 

scattering by turbulent fluctuations in the mesosphere–stratosphere–troposphere region, which is sometimes referred 

to as coherent scattering in the neutral atmosphere. 

 

Operating modes of the IS-MST radar are shown in Figure 2. Separating the radar into two spaced antenna 

panels quickens scanning of the atmosphere in different directions for high-power backscattered signals (for 

example, when sounding the height range 100–600 km in the IS-1 mode). Above 600 km in the ionosphere (the IS-2 

mode), two arrays should work simultaneously in one direction to increase the radar potential. The IS-MST radar 

has a linear polarization of transmitted signal, which allows us to obtain the ionospheric electron density profile, using 

Faraday rotation [Shpynev, 2004] or absolute measurements of scattered power.  

 

The MST and IS-1 modes will facilitate the study of several directions with temporal resolution sufficient to 

determine the full velocity vector of the atmosphere, ionospheric drift, and neutral wind, as well as to examine 

atmospheric irregularities. 

 

In the lower and middle atmosphere, for each transmitted pulse in each height range, equal to height resolution, 

we obtain a single complex sample for further processing. Signals at these heights have a coherence time of ~0.1 s, 

therefore the pulse repetition frequency may be low (tens and hundreds of hertz), but the measurement duration 

should be long enough to provide necessary frequency resolution (tens of seconds). In general, as the height 

increases, so does the spectral width of backscattered signal; and signals coming from different pulses lose their 

coherence. Accordingly, rigorous data-processing requires us to more often obtain samples of signals coming from 

the same height range (to increase the pulse repetition frequency). Besides, with increasing distance to a region of 

interest, pulses can be transmitted more rarely to avoid range ambiguities. Yet range resolution should be low, i.e. 

we should use short pulses or complex pulse-coded signals up to ~100 km, where atmospheric processes have 

smaller scales.  These scales, in turn, depend on the rate of change of atmospheric parameters with height (height 

scale) and on the extent of atmospheric irregularities and wave disturbances in the plane perpendicular to the radar 

beam. Thus, at heights of the D and E layers, we should exploit special multipulse transmission modes [Farley, 

1972] due to the strict requirements on frequency and range resolution. Starting from 100–200 km, the requirements 

on pulse width get more relaxed, the signal becomes more incoherent, and for each height range we can take the 

desired number of samples during one pulse. Problems caused by signal processing can be worsened by conditions 

of the medium itself. At some heights, intensity of atmospheric disturbances becomes insufficient to obtain echoes 

and to estimate parameters of the medium. This complicates the study of interactions between different atmospheric 

layers and makes it dependent on variations in the medium. 
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Potential assessment technique 

The height range that the radar allows us to study can be estimated by comparing the backscattered signal 

power with the radar sensitivity. It is more convenient to use volume reflectivity of the unit volume of medium σm 

[1/m], which depends only on atmospheric parameters. Then, the radar sensitivity is determined by the minimum 

volume reflectivity σmin the atmosphere should have to obtain the desired statistical significance of estimated 

medium parameters. If σm/σmin>1, then we can make measurements at this height. The parameter σmin is found from 

the basic radar equation for the case of volume scattering [Bowles et al., 1962]: 

   
2

2t
r 3 2

,, sin
128
P L c

P G d d
R  

      
    (1) 

where Pt is the peak radiated power, L are losses in the radar system and during signal propagation though the 

atmosphere, τ is the sounding pulse length, R is the distance to the center of the scattering volume, G(θ, φ) is the 

antenna gain in the direction (θ, φ). To the square of gain G2, which accounts for reception and radiation of the same 

antenna system, corresponds a bidirectional AP 1.8×1.8° wide for one radar segment. In this case, σ determines the 

fraction of isotropically scattered power per unit scattering volume. 

 

Let us express the assumed power Pr through the signal-to-noise ratio S/N: 

r / ,P kT BS N   (2) 

where k is the Boltzmann constant, T is the noise temperature of the radar, ΔB is the frequency bandwidth of the 

receiver. It is assumed that the receiver has only white thermal noise of the radar and has no clutter (they are said to 

be eliminated after data processing). The noise characteristics being known, the S/N ratio defines the signal level 

required to attain the statistical significance of measurements, say, to restrict variance of estimated medium 

parameters within the prescribed limits. 

 

The integral in (1) accounting for the shape of AP can be approximated by the Gaussian curve for the square 

aperture array [Hagen, Baumgartner, 1996]: 

     2 e2
2 .

4
, sin 0.44

A
G d d

 


     

   (3) 

By substituting (2) and (3) in (6), we obtain 

min

2

3
t e

18.2 ,
cos

S NR kT B
P L cA
  

 
  (4) 

where cos3 θ takes into account losses caused by beam steering (cos θ due to a decrease in aperture projection and 

cos2 θ as an estimate of AP of one cross-dipole). At this stage of development of the IS-MST radar, the losses L are 

unknown. They are normally clarified during radar calibration. In further calculations, we set L=0.25. 

 

In the case of scattering by turbulent irregularities, σm is calculated from the formula given in [Lübken, 2014]. 

To estimate atmospheric parameters, we utilize the neutral atmosphere model NRLMSIS-00 and the International 

Reference Ionosphere model IRI-2012. Turbulence intensity determined by the rate of dissipation of the turbulent 

energy ε is taken to be 10–3 m2s–3 in the troposphere, 10–5 m2s–3 in the stratosphere, and 10–1 m2s–3 in the 

mesosphere; this corresponds to moderate disturbances [Hocking, 1985; Watkins et al., 1988; Kantha, Hocking, 

2011; Gavrilov, 2013]. Neutral atmosphere parameters are assumed to be determined from autocorrelation function 
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delays. The main measurable parameter in the lower and middle atmosphere is the wind velocity; therefore, the 

signal-to-noise ratio in (4) is such that the standard deviation of estimated velocity is within 1 m/s in the stratosphere 

and troposphere, and 2 m/s in the mesosphere. The expressions for variance of estimated velocity with respect to 

phase of the autocorrelation function are taken from [Zrnic, 1979]. 

 

Potential for tropospheric–stratospheric research 

MST radars regularly measure parameters of signals scattered by turbulent fluctuations of medium [Hocking, 

2011]. Turbulent mixing of the neutral component in the stratosphere and troposphere produces the gradient of 

refractive index. Scattering occurs by refractive index fluctuations with typical scales equal to half the incident 

wavelength (Bragg's law). The volume reflectivity σ m of refractive index fluctuations caused by turbulent 

irregularities in the atmosphere depend on the operating frequency of a radar, shape of the spectrum of turbulent 

fluctuations, and atmospheric parameters [Hocking, 1985]. The turbulence energy spectrum is divided into a 

buoyancy range, where energy is generated, an inertial range, where the energy slowly decreases, and a viscosity 

range, where turbulence rapidly decays and the energy is converted into heat. The height of transition between the 

inertial and viscosity ranges depends on frequency. For example, for VHF radars the transition takes place at heights 

above 40 km [Hocking, 1985]. In the middle and upper stratosphere with slowly varying atmospheric parameters 

and low turbulence intensity, the scattered-signal power decreases. This leads to disappearance of echoes at 30–60 

km. An important feature of measurements in the lower and middle atmosphere in a vertical direction is the presence 

of strong coherent reflections from horizontal extended layers. These echoes have a narrow spectrum less than 1 Hz 

wide and aspect sensitivity. In the following, we assess the potential of the radar for scattering only by turbulent 

fluctuations. 

 

Figure 3 illustrates the ratio σm/σmin in the troposphere and stratosphere for three operating frequencies: 50 

MHz (the standard frequency of MST radars), 158 MHz (the frequency of the IS-MST radar), and 233 MHz (the 

frequency of the EISCAT VHF radar). The last frequency has been chosen because the EISCAT VHF radar, which 

has a relatively low (for IS radars) operating frequency (233 MHz), also performed MST observations [Strelnikova, 

Rapp, 2010]. Since for the operating mode in the lower atmosphere there are no special requirements on 

transmission power, Figure 3 also shows the ratio σm/σmin when only one antenna panel is employed. This allows the 

temporal resolution to be improved. In the simulation, we have specified the following characteristics: τp=7 μs, 

PRF=1000 Hz, the accumulation time of 20 s, the Doppler bandwidth of 5 Hz. During the simulation, only 

frequency of the radar and effective temperature changed, while aperture held its size. It is apparent that when 

measuring wind velocity in the troposphere and lower stratosphere, a frequency rise enables us to improve potential 

of the radar (first of all, its temporal resolution) until scattering occurs by turbulent fluctuations in the inertial range. 

This is due to the fact that the frequency rise causes Doppler shift to increase and thus to be more pronounced 

against clutter. After transiting to the viscosity range as height rises (it occurs earlier for smaller wavelengths), 

scattering intensity abruptly decreases. To raise the threshold of wind velocity measurements, we should 

significantly improve characteristics of the radar and began to use lower frequencies [Hocking, 1997]. Under 

specified conditions, the IS-MST radar (158 MHz) will facilitate wind velocity measurements up to ~26 km with a 

standard deviation within 1 m/s.  
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The volume reflectivity for IS measurements is 

  
e e

IS 2 2
e i

,
1 1

N

T T

 
  

 (5) 

where σe≈10–28 m² is the effective cross-section of electron, α=4πD/λ, D is the Debye length, Te is the electron 

temperature, Ti is the ion temperature, Ne is the electron density. 

 

We estimate the ionospheric plasma parameters through multiparameter fitting of autocorrelation function or 

spectrum of a received signal. To analyze variances of the estimated parameters, it is convenient to use the empirical 

approximation that is given in [Murdin, 1979] for electron density, temperature, and plasma drift velocity. The 

ionospheric parameters considerably change with height. This has a marked effect on backscattered-signal spectrum 

and typical scales of current processes (height scale, tidal wave length). Accordingly, the operating mode of the 

radar should be changed for different heights. The radar has two basic operating modes for ionospheric observations 

at heights from 100 km: IS-1 and IS-2 (see Figure 2). The former mode is meant for heights 100–600 km and is 

characterized by the following parameters: the pulse length τp=700 μs, PRF=250 Hz. Besides, the IS-1 mode 

suggests using only one radar segment. In the IS-2 mode for heights from 600 km, we employ longer pulses τp=6500 

μs, and frequency of their repetition decreases to PRF=75 Hz. 

 

Figure 6 pictures the σm/σmin ratio for the IS-1 and IS-2 modes for estimated electron density and temperature 

with a standard deviation within 10 % and plasma drift velocity with a standard deviation of no more than 45 m/s. 

The accumulation time is assumed to be 10 min. The modeling is made for summer noon when electron density is 

sufficiently high. It is apparent that the plasma drift velocity, even with a high statistical deviation, cannot be 

measured at a lower height than electron density and temperature. At the height of operating mode change (600 km), 

the pulse length increases, but the pulse repetition frequency decreases; therefore, the σm/σmin ratio rises slightly. 

Above 600 km, σm/σmin is low even in the maximum operating mode; hence, if the real potential of the radar turns out to 

be lower due to neglected losses in transmitter/receiver or processing system, the threshold of determining plasma 

parameters may lower to 800–1000 km. Nevertheless, under disturbed conditions the accumulation time may become 

shorter, and thus temporal resolution may be improved. This allows a detailed study of ionospheric processes.  

 

To comparatively assess the potential, Figure 7 shows the σm/σmin ratio, found by the same method for the 

Irkutsk Incoherent Scatter Radar (IISR), which has been used for ionospheric research for over ten years 

[Zherebtsov et al., 2002; Medvedev, 2014]. The IISR has a frequency scanning principle and a smaller effective 

antenna area than the IS-MST radar has. It receives backscattered signals of only one polarization and transmits 

pulses no longer than 900 μs with a pulse repetition frequency of 24.4 Hz. These limitations hamper the comprehensive 

study of the ionosphere at heights above 600 km. Moreover, clutter restricts the lower range of the heights of interest, thus 

making it impossible to observe the ionosphere and atmosphere at heights up to 100 km. The boundary of velocity 

measurements is seen to be situated much lower than that shown in Figure 6. This is due to the low pulse repetition 

frequency of IISR and consequently due to the short sample length for the same accumulation time (10 min). 
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2 2

1 2 1 2 .u u u u  (6) 

Nowadays, the interferometric method is the most advanced in the study of such objects as spacecraft, space 

debris, meteors, meteor trails, backscattered signals from ionospheric irregularities, turbulent structures stretched 

along the magnetic field, artificial heating region, turbulent irregularities in the mesosphere and lower atmosphere, 

internal gravity waves. Of great practical interest is the study of cosmic radio emission, particularly the distribution 

of radio emission over the solar disk and its dynamics. 

 

Specificity of the antenna system of the IS-MST radar allows us to consider it as a two-position interferometer 

with the base D=140 m; its transmitting and receiving antennas are identical and have a half-power beamwidth of 

2.5°. The main lobe of AP can be approximated by the Gaussian curve with an accuracy of 5 %: 

 
2

beam 2
beam

,exp
2

F
 
 
 
 

  


 (7) 

where σbeam is the effective beamwidth. 

 

Sensitivity of the IS-MST radar in observation of ionospheric irregularities and radioastronomical objects can 

be assessed as follows. Let us consider an observed object of Gaussian form:  

   

 

 
2 2

0
2

,
 

exp
2

 

n
f A

W 

    
  
  

 

  
   




 (8) 

where   2
n   is the electron density disturbance (σbeam=0.711), W(θ) is the average power flux (σbeam=1.422), σθ 

is the characteristic angular size of the object, θ0 is the object’s center of mass. Although we study different objects 

(electron density disturbances and distributed radio source), the resulting equation for CC takes the form 

 
ef

2 2 2 2
beam beam

0 2 2 2 2
beam beam

k
CC amplitude

exp exp ,
2 2 2

a ak k
i 

 

 
  
  
  
     

 

  
  

     


 (9) 

where ka=2πD/λ=463.28 (el. degree/(1 degree of elevation angle ), λ=1.9 m is the wavelength. 

 

Figure 8 illustrates the dependence of CC amplitude and effective slope of CC phase-angle response kef on the 

angular size of the object σθ. This figure indicates that as angular sizes of the object increase, the slope of phase-

angle response becomes steeper, i.e., the interferometer becomes less sensitive to change of the angular position of 

the observed object. 
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Spacing of antenna arrays gives an interferometric base of 140 m, thus enabling us to examine the fine structure 

of atmospheric irregularities. We have shown that the antenna system offers the possibility to use the correlation 

coefficient to determine orbital parameters of spacecraft and space debris. 

 

We have estimated the height range of the IS-MST radar, which represents the total potential of the radar for 

atmospheric research. We have demonstrated its capabilities for regular measurements of turbulent irregularities in 

the troposphere and stratosphere. We have found that in the lower and middle atmosphere the efficiency of 

measurements of wind velocity is higher for radars with higher frequency if scattering occurs in an inertial range of 

spectrum of turbulent refractive-index fluctuations. The lower boundary of the height range in the troposphere will 

depend on signal processing system, specifically on filtering of local clutter. We have shown that the radar enables 

us to observe echoes in the summer mesosphere, which are scattered by turbulent fluctuations in the presence of 

charged ice particles, which corresponds to an increase in the Schmidt number. It also facilitates observation of rarer 

winter mesospheric echoes [Zeller et al., 2006] under enhanced electron density. In the mesosphere, MST radars 

with a frequency of 50 MHz [Hocking, 1997] have an advantage over the IS-MST radar because turbulent 

fluctuations with typical scales equal to half the wavelength begin to decay with increasing height. The IS-MST 

radar enables us to measure plasma parameters – electron density, temperature, and plasma drift velocity – through 

multiparameter fitting in the IS-1 and IS-2 modes (height ranges 100–600 and 600–1500 km respectively) with 

sufficient statistical accuracy. Comparative modeling of potential of the IISR has revealed that the new instrument 

has great diagnostic capabilities of studying the ionosphere at heights from 400 km, and allows us to explore the 

atmosphere below 100 km. 

 

The work was funded by the RF President’s Grant for Support of Leading Scientific Schools No. NSh-

6894.2016.5. 
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