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2.I.3.  Research of the solar wind by radiophysical methods

Using the data of radio occultation experiments with spacecraft ”VENERA”, “ULYSSES”, “GALILEO@ the new information on the characteristics of solar wind was obtained for heliocentric distances between 5 and 80 solar radii such as velocity, spatial spectrum and intensity of the irregularities of the electron concentration, outer scale of plasma turbulence, anisotropy of irregularities. During coronal sounding experiments it was established, that the spectrum of the frequency fluctuations has a maximum, the appearance which one is conditioned by effect of the outer scale of turbulence of circum-solar plasma. The authentic information on the outer scale for the first time is obtained and is established, that it increases with heliocentric distance according to the power law with an exponent 0.8. In equatorial regions the outer scale changes from 7(105 up to 7(106 (i.e. from 1 up to 10 solar radii), and in polar coronal holes it approximately three times is more. The technique of finding of the outer scale of plasma turbulence is grounded on spectral and correlation analysis of large-scale continuous measurements of frequency fluctuations of the sounding signal at widely-spaced ground stations. It is shown that the spectral index of electron density irregularities for distances larger than 20 radii of the Sun in inertial interval of 10(4(5(10(2 Hz does not depend almost on heliocentric distance, and its average value is close to value applicable to spectrum of Kolmogorov (11/3). In the region of initial acceleration of the solar wind for distances between 5 and 10 solar radii the spectral density in inertial interval spectral index is close to 3.0. In the same region the high level of plasma irregularity reaching (20(30)% is detected. It is detected also that heliolatitude dependence of the characteristics of the solar wind is strong. The speed of the solar wind in polar regions in some times exceeds the appropriate values for low latitude regions while intensity of the irregularities in high latitude regions is below, than in equatorial regions. In equatorial regions the speed of the solar wind regularly increases with heliocentric distance from 100 up to 400 km/s. The strong difference in turbulence regimes is revealed in the transition region between subsonic and supersonic flow of the solar wind, where is registered also change of the anisotropy coefficient of small-scale irregularities from 10 up to 2. The technique of analysis of the irregularities anisotropy of the solar wind is grounded on the analysis of simultaneous observations frequency and amplitude fluctuations of radio waves at widely spaced ground stations.

The analysis of the Faraday rotation fluctuations of the polarization plane of the “HELIOS(1” and “HELIOS(2” signals was carried out during superior conjunctions of these spacecraft. The technique permitting on experimental data to determine the characteristics of Alfven waves propagating in the outer corona ( intensity, velocity, spectrum of the magnetic field irregularities, characteristic frequencies is developed. It is established, that in the region of the solar wind acceleration on heliocentric distances between 3 and 10 radii the temporal spectra of fluctuations of the rotation angle of polarization plane contain quasiharmonic component with characteristic frequency about 4 milliherz, corresponding to 45-minute period of oscillations of the magnetic field. It is supposed, that the background spectrum is determined by an ensemble of Alfven waves with random phases and quasiharmonic component in the form of isolated trains. The amplitude of quasiperiodic fluctuations of the magnetic field has value about 0.1 from induction of regular magnetic field. From condition of excess of the contribution of isolated trains above the contribution of the turbulent background the estimations of characteristic transversal to radial direction of the scale of magnetic field fluctuations are obtained, which one appears about 30000 km. The obtained results demonstrate, that propagating from the Sun Alfven waves play an essential role in the energy balance of plasma in the outer corona of the Sun and region of the solar wind acceleration. The change of the turbulence regime for irregularities of coronal magnetic field near boundary distance of 6 solar radii is revealed. The values of speed of the Alfven waves for some heliocentric distances are retrieved. Typical velocity of Alfven waves at heliocentric distances of 5 solar radii has compounded ~600 km/s.

The results were obtained jointly with the specialists of the Bonn and Bochum universities (Germany), which have provided for processing a large volume of the experimental data obtained with spacecraft “HELIOS”, “GALILEO”, “ULYSSES” and have participated in the processing and the interpretation of experimental dependences. 

2.2.4. Development of radiophysical methods for researchof the Earth ionosphere

The improvement of radio occultation method of space monitoring of atmosphere and ionosphere with usage of radiolines Satellite-Satellite was conducted. The experimental investigations are carried out using radiolines Station MIR-geostationary satellites. The new effective holographic method of investigation of height profiles of atmosphere temperature and electron concentration of ionosphere using phase and amplitude variations was advanced and developed . The new method of monitoring of small-scale irregular structure of troposphere and stratosphere is designed with usage of radiolines Satellite-Satellite .
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