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I. Flicker- Noise Spectroscopy. 
Chaotic series (time series, spatial relief, chaotic energetic spectra) obtained under studying dynamics
of complex physico-chemical and natural phenomena, among other chaotic signals, contain much
information. What type of information is hidden within a chaotic signal? In what way this starting
information could be extracted from the series of measured dynamic variables as a base for
phenomenological study of phenomena under consideration? For solving these problems a new
phenomenological approach – Flicker-Noise Spectroscopy based on introducing a new image of
information was developed. FNS could be considered as a new informative technology for extracting
information contained in chaotic signals. This information is formed by sequences of distinguishing
type of these signal irregularities – spikes, jumps, and discontinuities of derivatives of different orders
– at all space-time hierarchical levels of systems, was developed. The ability to distinguish
irregularities means that parameters or patterns characterizing the totality of properties of the
irregularities are distinguishably extracted from the power spectra S(f) (f – frequency) and difference
moments Φ(p)(τ) (τ – temporal delay) of the pth order. It was shown that FNS method can be used to
solve the problems of three types: show of the parameters characterizing dynamics and peculiarities of
structural organization of open complex systems; display of the precursors of the sharpest changes in
the states of open dissipative systems of different nature on the base of a priori information about their
dynamics; show of redistribution dynamics in distributed systems by analysis of dynamic correlations
between various chaotic signals measured simultaneously.
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II. Physical Chemistry of Membrane Processes. 

For the first time the base regularities of the processes of membrane separation were determined for
the conditions of intensive mass and electromass transfer regimes, when quasiequilibrium concepts,
based on linear thermodynamics of nonequilibrium processes, become inadequate. It was shown how,
under these conditions, the modification of the membrane surface proves effective and the control
over transport processes become viable due to the formation of a submicroheterogeneous structure of
the membrane material. As a result, membrane transport acquired features typical of molecular and
ionic transport in the most effective biological membranes with respect to the route (along
submicrochannels) and general kinetic trends. It was shown that principal new potentialities of
superselective separation of the components may be the use of submicroscopic (thickness 10-100 nm)
membrane barrier layers with a fairly rigid and dense structure. In that case components pass
effectively across the membrane only in those regions where the fluctuating repulsive force field is



weakened because of a lower local concentration of repulsive centers, and the selectivity of the
membrane proves to be exponentially dependent on the membrane thickness. At first a new
phenomenon of switching conductivity for surface-modified ion exchange polymeric membrane was
discovered. The effect consists of a jumpwise reversible transition of the system from a high-ohmic to
a low-ohmic state and is induced by an electric field whose intensity exceeds some threshold value. A
new class of membrane processes with active, energy depending separation of neutral vapor or
gaseous components through ion-exchange membranes and extraction into the vapor-gas medium was
predicted and later the electropervaporation effect was discovered experimentally. It was shown the
related membrane processes may be used in ammonia hydrometallurgy. 
It was proposed that the active ion transport in biological membranes is influenced decisively by the
local electric field within the membrane. By means of redistribution of the charge density (after ATP
hydrolysis reaction, photo excitation etc.) and by the creation of additional local fields, the "mild"
utilization of the energy evolved in the biological system in a wide variety of energy-dependent
processes occurring in vivo is achieved. This principle was demonstrated in analysis of the function of
transport enzymes in membranes - Na+, K+-ATPhase, Ca2+-ATPhase, H+-ATPhase,
bacteriorodopsin, in the case of nitrogenase. 
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III. Kinetics of Chemical Processes. 
The stochastic Kramers theory (diffusion in the energy space) of the chemical transformation
elementary act is developed. For the first time the role of intermittency effects – dynamic athermical
fluctuations in the kinetics of activated chemical reactions in condensed mediums is revealed. The
intermittency effects are shown to control the low temperature limit of chemical reactions with heavy
particles (chlorine, bromine) transfer in solids, the kinetic of chemical transformations in stratospheric
aerosols etc.) On the basis of the knowledge of discrete character of elementary diffusional transfers
for the first time the most general boundary conditions were derived. These boundary conditions are
used in analysis of different processes of mass and electromass transfer. The role of effects of the
initial density fluctuation of reagents in chemical kinetics is ascertained.
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IV. Quantum phenomenon in solids. 
A set of quantum effects (later discovered experimentally in A.Ioffe Physico-Technical Institute,
St.Petersburg and in Kiev Institute of Semiconductors), controlling a number of electric and optical
phenomena in strong electric fields - red shift of luminescent band in semiconductors, anomalously
high rates of anodic dissolving in wide-zoned semiconductors of n-type and the others. The
controlling role of quantum effects for formation of electron density distribution in the metal-medium
boundary is shown, and owing that one of old problems of quantum mechanics was solved: the nature
of nonequivalence of the Thomas-Fermi model in its classic variant with quantum and exchange
corrections was revealed and the adequate representations for electron density in the vicinity of the
boundary were found. 
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V. Global Changes. 
The conception of existing connections in biosphere is developed on the intrinsic unity of the
inorganic matter on the Earth and the living matter on all space-time levels of organization in the
Earth – atmosphere system as a thermodynamically open ones, involved in exchange of both radiation
(as is usually assumed) and also matter with space. Apart from solving of traditional chemical
problems associated with the development of resource-saving and low-waste technologies and sensor
systems for the monitoring of the natural environment, the physico-chemical aspects of the dynamics



of natural systems were analyzed and the role of chemical factors in their evolution were elucidated.
Parameters usually defined as limiting permissible concentrations, characterizing respectively the self-
protecting properties of the environment and individual organisms was introduced on the basis of non-
linear models of nonequilibrium thermodynamics. A new concept of the "limiting permissible
utilization" of vital resources was proposed. It was shown that the processes in biosphere and the
phenomena outside biosphere (deep within the Earth, in the higher atmospheric layers, and in near-
Earth space) are controlled by solar phenomena and solar-terrestrial links. The models of the links
have been proposed. The role of chemical factors in the evolution of natural systems is established. 
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