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Abstract

Rhythm of processes is fundamental principle of alive systems time organization, principle of existence and development of biosphere. Rhythms controls vital activity and defines character of systems interaction, influences on formation and structure of new biosystems, on properties of stability, adaptation and self-organizing.
The role of rhythmic processes is so great, that in studying of these processes physicians and biologists, astrophysics and biophysics, experts in space biology, aviation and sports medicine actively are involved. Lately in the field of medical and biologic researches the whole group of independent directions which are completely based on studying of rhythms was generated. In particular, these direction are: Biorythmology, chronodiagnostic, chronomedicine, chronopharmacology .

I. THE DEFINITION AND EXAMPLES 
OF RHYTHMIC PROCESSES
Generally rhythmic process is possible to define as periodically repeating changes of “condition of system ”. With such approach, to the class of rhythmic processes can be related cyclic and oscillatory movements, various quasiharmonic or quasi-monochromatic processes, various events and phenomena repeating in more or less identical intervals of time.
It is easy to notice, that the general concepts of rhythm and rhythmic process are indistinct enough. This feature was mentioned in many scientific works. However, as for now there is no special necessity for more strict definitions. It is described by various nature and mechanisms of rhythms occurrence, variety of alive systems and complexity of time structure of existing rhythmic processes. If impose the strict definitions of rhythmic processes it will cause limitation of generality of consideration.
Rhythmicity of processes is typical for any biological system, independent of its organization level. This property is shown in each separate cell, each organ, each complete organism and each community of organisms (Fig. 1).

Some concrete examples of rhythmic processes are resulted in figure 2. All these processes have various space-time structures, but, despite of these differences, they concern to one class – to the class of rhythmic processes.

II. THE BASIC PROPERTIES OF BIORHYTHMS
According to the origin all variety of existing biological rhythms can be divided conditionally on endogenous and exogenous.
Endogenous rhythms (from greek. endon – inside and genos – the genus, origin) are rhythmic processes of internal origin. The processes generated by internal structure of biological system.

Exogenous rhythms (from greek. exo – outside) concern to processes of external origin. They are connected to environment and can be considered as the compelled rhythmic processes formed in biological system under action of external cyclical disturbances.

Normal functioning of alive systems runs in conditions of constant interaction and mutual coordination of external and internal processes, coordination of alive organism time organization with conditions of environment. To estimate complexity of this coordination, it is enough to notice, that approximately 500 rhythmically varying physiological processes were revealed by consideration of human organism. These processes are in continuous dynamic interaction among themselves, cooperate with an environment and define structure of alive system time organization.

All these features allow to allocate several general properties of biorhythms. Most typical are (Fig. 3): ability to dynamic stability of space-time structure; ability to self-organizing and parametrical reorganization; ability to mutual synchronization of processes and structural stability to casual external influences.

The listed properties of biorhythms (Fig. 3) substantially defines corresponding properties of biosystems as a whole.
III. FEATURES OF RHYTHMIC PROCESSES FORMATION
Evolutionary development of alive systems is always accompanied by their "fine tuning" – adaptations to changing conditions of environment. It is shown evidently in formation of daily, seasonal and solar biorhythms (Fig. 3 – 5).
Daily rhythms. The Earth rotation about the axis is a basis of daily biorhythms. The periodic changes of light occurs (change of day and night). The temperature modes, humidity, spectral structure of light and many other geophysical parameters of environment changes regular with the period close to 24 hours. Constant influence of these changes on living matter caused formation of daily or circadian (from lat. circa – about (near) and dies – day) biorhythms. Daily rhythmicity in various communities of alive organisms. The system of daily rhythmic processes appeared to fundamental properties of all alive on the Earth.

The simple typical examples reflecting the structure of daily rhythms are resulted on Fig. 3.

Seasonal rhythms. The seasonal or year rhythms are changes of intensity and character of biological processes and phenomena, repeating approximately with year periodicity. Often these rhythms called as circannual (from lat. circa – about (near) and annus - year). The Earth rotation around the Sun, regular (seasonal) changes of all major factors of environment and adaptation reaction of alive systems to external influences are basis of seasonal rhythms formation. Seasonal rhythms appears in many processes of  flora and fauna. The seasonal rhythms are typical for phenomena of migrations and roams, hibernation, various activity on construction of jacks, holes and refuges. Seasonal changes are observed in intensity of biochemical and physiological processes of alive organism. The intensity of growth, development, duplication, thermoregulation, impellent activity processes is alter. The intensity of power exchange, neuroendocrine systems activity, functional activity of cardiovascular system  is alter as well.

Solar rhythms. The Sun influence on the Earth so many-sidedly, that general condition of the Earth biosphere substantially depends on a level of solar activity. Due to stream of energy that the Earth continuously receives  from Sun the certain level of light is provided and thermal balance of the Earth is supported. Besides that, influence of the Sun on alive organisms is carried out due to electromagnetic radiation with wide range of frequencies (x-ray, ultra-violet, optical, a radio emission) and corpuscular radiation. Solar radiation influences to condition of  ionosphere, magnetosphere and atmospheres of the Earth. Thus, all biological processes on the Earth are under influence of the processes proceeding on the Sun (Fig. 4, 5).
The heliobioligy (from greek. helios - the Sun) is engaged in studying of solar-terrestrial connections and influences of solar activity on various phenomena in the Earth biosphere. Russian scientist A.L.Chizhevsky (1897–1964) was the founder of this direction of researches. The experimental statistical data shows, in particular, that solar activity essentially influences on functional condition of human nervous and cardiovascular systems, on fluctuations of disease, epidemics, mortality level,  on productivity of plants, migratory processes and intensity of animals duplication.
Solar activity appears in aggregate of non-stationary processes on the Sun and in its atmosphere. These processes are connected to formation of solar spots, torches, flashes, occurrence of various perturbations in solar crown. The areas with such phenomena identified as the centers of solar activity. Increase and decrease of number of these centers is described by several parameters or indexes of activity. The most widespread characteristic is the Zurich relative number of solar spots, or Volf's number. Average for a year Zurich number, as well as other indexes of activity, changes with the period approximately in 11 years. This period calls the cycle of solar activity. Such periodicity in changes of solar activity forms rhythmic character of biological processes and  phenomena on the Earth.

The features of rhythmic processes formation and their general classification in view of various levels of alive systems organization and distinction of average frequency of rhythms are considered in this paper. All examples of processes resulted in work essentially differs on space-time structure, nature and mechanisms of occurrence. However, similar processes have one important feature - they have rhythmic character of changes. 

For rhythmic processes research it is necessary to construct convenient for the analysis mathematical models based on numerous experimental data. The detailed structure of processes and systems can be studied, algorithms of the forecast and principles of rhythmic processes control in complex developing systems can be developed on the basis of such models.
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Rhythmic processes of alive organism
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The general definition
Periodically repeating changes of


of rhythmic process 
“ Conditions of system ” (processes of vital activity)


Rhythmic, cyclic, oscillatory, quasiharmonic, etc. processes
Alive organism
Complex developing system (flora and fauna, human organism, …)



Rhythmicity  of processes is inherent to any biological system, 


independent of its organization level 

Biological rhythms
(for various levels of alive systems organization)
(
Molecular and cellular level
(
Periodicity of physical and chemical processes,


proceeding in cells; concentration fluctuations in chemical systems (the concentration of molecules and spatial structure of environment varies rhythmically)

(
Separate cells and tissues; rhythms of neuronic categories (rhythmic activity of neuron); rhythms of cell fission

(
Level of separate organ


(
Rhythms of heartbeat (electrocardiogram, rhythmograms, …)

(
Vascular waves; fluctuations of blood structure (electroencephalogram, rheography, …)

(
Level of organism (Physiological rhythms)


(
Rhythmic processes of organism adaptation; cardiovascular system condition during adaptation (daily monitoring, changes of heart rate)

(
Rhythms of respiratory movements; rhythmic changes of  body temperature, arterial pressure

(
Rhythms of perception processes; rhythms of sensor systems; rhythmic changes of working capacity; rhythms of motion activity 

(
Rhythms of mental functions; …

(
Level of populations


 
Seasonal migrations of birds; hibernations of animals; flowering of plants

 
Rhythmic processes of natural selection

 
Rhythms of variability of species; rhythmic changes of number of populations

 
Rhythms of various epidemics

Fig. 1. Rhythmic processes of alive organism

The space-time structure of rhythmic processes variety
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Space-time structure                  



Typical shape of electroencephalogram 

of Belousov-Zhabotinsky reaction                        

 of human brain 
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Typical structure of  human ECG     

Pulse neurons activity, change  of   position
and phonocardiogram                             

of rabbit’s bottom jaw and electromyogram

of a chewing muscle 

All resulted realizations of processes essentially differ on space-time structure, by the nature and mechanisms of occurrence. Despite of their differences these processes have important general feature - they possess rhythmic structure. 

Fig. 2. The space-time structure of rhythmic processes variety

Features of origin and property of rhythmic processes

Endogenous rhythms  are rhythmic processes of  internal origin.
Biological


rhythms
Exogenous rhythms  concern to processes forming under influence of external cyclical disturbances.
The main features of biorhythms
(
Ability to dynamic stability of space-time structure and stationary of proceeding processes

(
Ability to parametrical reorganization, self-control and self-organizing

(
Ability to mutual synchronization and functions coordination 

(
Ability to adaptation and structural stability to changes of internal and external environments

Daily rhythms forming
The Earth rotation
Regular (with period ~ 24 hours) changes of main environmental 
around axis 

    factors 




(
Illuminance (day and night replacement)

(
Spectral structure of light
(
Temperature modes
(
Humidity
Reaction of living matter to regular changes of 

external conditions

(
The biological systems behavior and all physiological functions of living organisms are submitted to the daily or circadian rhythms

(
System of circadian rhythmicity processes -  fundamental principle of time organization of all alive on the Earth

The example of experimental (clinical) data, reflecting character of change of three functional parameters of human organism during 10 days:

- a pulse rate
- respiration rate 
- sublingual temperature 


Fig. 3. Features of origin and property of rhythmic processes

Formation of seasonal and solar rhythms
Formation of seasonal rhythms
The Earth rotation 
Regular (with period ~ 1 year) changes of all main
around the Sun

factors of external environment
(
Seasonal changes of temperature modes
(
Changes of duration of light day
(
Quantity of solar energy
(
Weather and the atmospheric phenomena
Reaction of adaptation of alive systems to change of external conditions
(
Reorganization in behavior of flora and fauna
(
Reorganization of many physiological processes of alive organisms
(
Formation of steady seasonal or circannual biorhythms
The Sun rhythms forming
(
Sun-Earth

Changes of the general condition of ionosphere, atmosphere and
connections

magnetosphere  of the Earth
(
Periodical
(
Changes of solar radiation level

changes
(
Changes of general electromagnetic situation on the Earth

of solar
(
Changes of  x-ray, ultra-violet,

activity
optical and radio emissions level

(
Changes of magnetic fields, occurrence of magnetic storms
(
Adaptation of alive systems to periodic changes of external influences
(
Synchronization of biosphere rhythmic processes by solar activity processes
(
Formation of biosphere rhythms under influence of solar-terrestrial connections
Fig. 4. Formation of seasonal and solar rhythms

Influence of solar activity on the Earth biosphere condition
(
Influence of the Sun on the Earth is so diverse, that the general condition of the Earth biosphere  substantially depends on a level of solar activity
[image: image5]
The simplified scheme of solar-terrestrial connections

(The Zurich numbers of the solar spots registered during the period from 1700 to 1950.

 Solar activity has periodical structure of change with the period around 11 years.


(Character of change of solar activity index  (1) and intensity of the magnetic storms (2) registered during the period from 1875 to 1925  (according to the data from observatory in Greenwich).
Fig. 5. Influence of solar activity on the Earth biosphere condition 
The Sun





Electromagnetic radiation


(x-ray, ultra-violet, optical, a radio emission, …)











Corpuscular radiation


(solar wind, solar space rays, …)











The interplanetary environment
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Meteorological effects








Processes inside the Earth








Biological effects
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