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THE OCCURRENCE OF MEMORY EFFECTS IN MULTIPARTICLE 

SYSTEMS 

 

Historically, memory entity has implied memorization, storage and following 

individual reproduction processes. I.e., primarily living creatures (human being 

specifically) are presumed to possess memory. 

Meanwhile, quite recently it became obvious that couple of other, very different, 

objects and systems do possess this (or very similar) property. First of all, it concerns 

social systems [1]. Development process of particular group, ethnic group, state and 

humankind, in general, is defined by the past as well as by the present. Besides that, 

enormous number of non-living nature objects are discovered to have signs of memory. 

And this fact is no surprise, because, probably, it is difficult to define strict division 

between the objects of living and non-living character. It is rather artificial and vague 

[2]. 

Let’s make as example of memory effects creation in physical macroscopic 

systems. We just mention Boltzman inheritage principle, which was mathematically 

developed Volterra in the end of XIX century [3].  

Before that we’re discussed macroscopic body of non-living nature. Nevertheless, 

as recent investigations are discovered, memory effects show up on microscopic (atomic 

and molecular) level. In principle we can talk of molecular memory. It’s presence 

regulates some peculiarities of the progress of different irreversible processes, for 

example: magnetic, dielectric, structural relaxation, phenomena like viscosity, diffusion, 

thermoconductivity, etc. 

During investigation and description of molecular memory effects most often 

terms of Markovian and non-Markovian random processes are used. Markovian process 



is characterized by the fact, that at given time t probability of magnitude of the variable 

doesn’t depend on prehistory system development, but fully depend on the magnitude of 

the variable at present time. Processes, which post-influence effects are seen, are 

referred to non-Markovian as well. This incorporates with the fact that state of the 

system is defined by its whole evaluation from initial to final state. 

The mathematical basis for constructing such equations was laid in the works 

Zwanzig [4] and Mori [5]. The developed procedure allows them to build for the study 

of the time correlation function a(t) an infinite chain of coupled non-Markovian kinetic 

equations of the following form 
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М  -  i-th order memory functions, taking into account the effects of 

molecular memory. 

The main problem with this approach is how to closure of an infinite chain of 

kinetic equations. For this purpose, the memory model functions, mode-coupling 

approximation of interacting modes, correlation and quasi-hydrodynamic 

approximation, as well as self-consistent approach generalizing some of them [6-10]. 

The results of the research allowed, in particular, to explain a number of different 

flow characteristics of irreversible processes: magnetic, dielectric, vibrational, structural 

relaxation, as well as phenomena such as viscosity, diffusion, thermal conductivity, and 

many others (see, for example, references in [11]). 

Moreover, currently non-Markovian approach is becoming increasingly common, 

not only in physics but also in several other areas of human knowledge, such as 

chemistry, biology, medicine, geology, etc.  
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