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During this relatively short visit we concentrated mainly in the problems which are related to the investigations previously performed in the reference [1] and motivated by a desire to understand how biological molecular pumps operate and to develop new strategies for a fabrication of synthetic pumps. It is well known that most studies in this field are based on the idea of particles moving in spatially asymmetric “ratchet” potentials, which can gain directional drift under non-equilibrium conditions. 
The studies have been mainly focused on directed motion of particles through a rigid channel without considering fluctuations of its structure. However, investigations of trans-membrane channels indicate that the dynamics of internal degrees of freedom of the channel proteins is in many cases essential for directional motion to occur. It has been demonstrated in [1] that directed motion can be induced dynamically and no static asymmetry is required which is built into the system. It has been shown that the transport velocity can be varied in a wide range, independent of the direction and such a “pump” allows a separation of particles according to their masses or/and interaction with the channel walls.

Important weakness of the previous study was focusing on investigations of particle motion in quite idealized case of periodic channel with perfectly harmonic dynamic oscillations However, in biologically related flexible systems the transport should be induced by spatial fluctuations of the non-ideal channel walls with a complex molecular structure. 
Partially randomness of the system was accounted in a form of thermal noise acting on the moving particles. It has been shown that, depending on the parameters of the system, thermal noise can speed up or slow down the directed transport. However, for a numerical simplicity of the model the randomness was completely ignored in the structure of the channel and in the fluctuations of the frequency and amplitudes of its oscillations.  

General goal of our current research is to make the model more realistic in all possible senses. In particular, we plan to describe damping naturally by including a liquid medium inside the channel. It is important that at presence of a damping a separation of particles depends on the difference in their interaction with the liquid different friction coefficients and interactions with the walls rather than using differences in the particle masses. A preliminary study of the related questions was done in our coauthored (VP and AF) work [2] devoted to the modeling of the friction and wear at the contact of rough surfaces in the presence of a lubricant. It was demonstrated that the lubricant dynamics can be modeled in terms of non-conservative interactions between particles, which depend on the distance and relative velocity and essentially depends on a surface relief with a complex roughness of the channel walls. 
This complexity provokes a random walk of the transported particle and that cause, in principle, complete suppression of the transport mechanism proposed in [1] (which is based on resonance relations between the frequencies and amplitudes of the longitudinal and transversal oscillations of the channel walls). From other side, recently (AF with D. Fleishman and M. Urbakh, in preparation) had shown that some regular misfit between two oscillating surfaces can cause even stronger enhancement of the directed transport and lead to practically the same effects as the correlated oscillations of the channel in x- and y-directions simultaneously.  
Accounting all above considerations we decided to concentrate first on the study of an effect of non-ideality of the channel and its oscillations on the directed transport phenomenon. Consequently, the preliminary study during this two-week visit has been done in the following directions:
1. study of the role of random perturbations of the periodic structure of the channel;

2. study of the effect of random fluctuations of the transversal vibrations of the channel walls;

3. the same for the random fluctuations of the longitudinal vibrations.

To perform these studies we generated numerically random channel potential in the manner as it was done previously in reference [3]. Henceforth, this generated potential has been combined with the periodic one with changeable weight, describing a “Fraction” of the randomness in total potential of each wall (statistically independent). 
At each fraction we repeated the simulation of the work [1] at the conditions corresponding to the well pronounced transport phenomenon to check an effect of he randomness and to find a threshold up to which the effect will be preserved. 
In close manner an effect of the random impact to the oscillations of the channel walls in both transversal and longitudinal directions was simulated. For each case we added a random impact to the amplitudes A and B with relative intensities dA/Ao and dB/Bo respectively and repeated the same simulation procedure. The results of the simulations are summarized in the Figs.1-3.
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Fig.1 Effect on the transfer of random perturbations of the periodic structure of the channel. Relative averaged transport velocity, normalized to the mean velocity of the perfectly periodic unperturbed channel and a relation between the standard deviation of the velocities (width of the statistical ensemble distribution) are shown in the subplots (a) and (b) respectively. The “fraction” means a relation between the amplitudes (standard deviations) of the periodic potential and numerically generated random one.
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Fig.2 Effect on the transfer of random perturbations of the transversal channel vibrations. An average transport velocity, normalized to the mean velocity of the perfectly periodic unperturbed channel and a relation between their standard deviations are shown in the subplots (a) and (b) respectively. The notation “dA/Ao” denotes a relation between the amplitudes of the periodic oscillations and numerically generated Gaussian-distributed random impact to the motion of the channel walls.
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Fig.3 Effect of random perturbations of the longitudinal vibrations of the channel on the directed transport. An average velocity, normalized to the mean velocity of the perfectly periodic unperturbed channel and a relation between their standard deviations are shown in the subplots (a) and (b) respectively. The notation “dB/Bo” denotes a relation between the amplitude of the periodic oscillations and numerically generated Gaussian-distributed random impact to the motion of the channel walls.

From the simulations we have deduced that the ability of the randomized dynamic channel with combined longitudinal and transversal vibrations to perform directed molecular transport can hold out to quite intensive random fluctuations of the channel structure (up to 50-60 %) and relatively strong random impacts to its oscillations (up to 15-20%). 
This observation gives a hope that proposed mechanism can exist in natural biological systems (or can be used to construct realistic artificial structures at nano-scales) and encourages further investigations of the problem under consideration. 
The results of this preliminary study will be used in our further research devoted to the problem of transport in ion channels with fluid and general topic of the constructing and numerical simulations of the molecular motors. We expect also that the performed research will stimulate new efforts to optimization and understanding of natural and artificial systems providing selective and efficient molecular transport. 
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