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Dear Reader!

Needless to say, the idea of our Journal is to offer most exclusive research papers on problems associated with 
investigations of the human cardiovascular system. We are happy to state that the popularity of our Journal 
throughout in the world has been growing steadily. We believe the foundation for our success has been laid by 
the results achieved by our authors, and it is applicable both to theory and practice. The theories presented in 
the papers have valuable use and advantages in practical activities.

But we are going ahead with our plans: the topics in Cardiometry No.12 cover biological rhythms and their 
effects produced on the performance of the cardiovascular system. The researchers who have introduced their 
articles in the latest issue of our Journal submit us their enthralling data and findings. Biological rhythms ex-
isting in our organism are governed by nature. Our intention has been to provide a platform to scientists from 
different research areas for discussion of the topics offering fresh approaches to some conceptual ideas. 

In doing so, we should mention that a biological rhythmicity pattern is an intrinsic property of a cardiac cycle, 
too. The cardiac rhythmicity displays certain regularities and generalities that remains the subject of keen inter-
est for many experts. Let’s hope the research papers published herein would contribute to further outstanding 
achievements in science.

Take your chance of success in further exploration of this topical issue.

Editorial
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Abstract
Offered is an overview of the author's papers in exploring an 

interface between biological rhythms of energy, function and 

biosynthesis in a nerve cell of a crayfish stretch receptor. Pa

rameters of mitochondrion aggregation rhythms integrally de

termine the energy metabolism in the cell. The level and the 

rhythms of aggregation of granular reticulum integrally reflect 

the regulation of biosynthesis in the body of the neuron cell. An 

influence of the functional activity on biosynthesis in the neuron 

soma and the influence of the pulse activity of the neuron are 

defined by rhythms of change in rates and density of flows of 

energy metabolism. An enhancement of the functional activity 

of a neuron corresponds to an increase in the rate of flow of 

energy produced, and an intensification of biosynthesis is linked 

with augmenting the energy flux density. The time lag in chang

ing priorities in the energy regulation of the function and bio

synthesis can explain variability of biological rhythm periods in 

a cell, the mechanism of the cell biological clock and an adap

tation to the rhythms of the environment. Rhythms features of 

the function, biosynthesis and energetics are determined by a 

harmonization between the rhythms of solgel transitions in the 

cell compartments.
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Study of the temporal organization of a cell allows 
solving the fundamental problems of the energy reg-
ulation of the functional and regenerative processes, 
learning and adapting of bio-systems to rhythms of 

the external environment. Feedforward and feedback 
control systems responsible for the function, energetics 
and synthesis in a cell, as compared with those in an 
organism, an ecosystem and biosphere, are known to 
have smaller durations or time spans [26]. An immedi-
ate study of the temporal organization in a cell is more 
accessible and more open and allows us to simulate the 
biological life and the performance of an organism, bio-
cenosis and the biosphere. The output of such research 
work in practice is derivation of general principles and 
new methods of chronodiagnostics, management and 
control of the biological life of the bio-systems at their 
different hierarchical levels [6, 11, 18].

Biological rhythms of bio-systems of any level repre-
sent non-linear oscillations. Their parameters, such as 
the amplitude, the shape, the period, the mesor and the 
acrophase vary at all times [22]. These characteristics 
of the oscillation processes in living systems are deter-
mined by the fact that biological systems of any lev-
el persistently have transient processes produced not 
only by external influences, but also by internal caus-
es. In a cell, similar to other biological systems, an ad-
justment of its internal rhythms to those found in the 
external environment takes place [4,15]. The mecha-
nism for such harmonization is alternating of priorities 
of the energy regulation of the more labile, less ener-
gy-intensive functional processes and those showing 
the greater time lag, but more energy-intensive bio-
synthesis-linked recovery processes. Superposition of 
these transitional processes is responsible for the com-
plex shape of biological fluctuations, their principle 
non-linearity and featured bio-resonance [12].

A convenient scene for such studies is a single giant 
(70 µm) nerve cell of the crayfish stretch receptor. In 
experiments on this cell, a mechanical stimulation can 
be accurately graduated, and electrical, laser and some 
other types of physical influences can be applied. We 
have investigated some effects of various chemical 
substances by adding into a saline solution, washing 
the individual cell, of some modifiers and inhibitors 
of energy and plasticity exchange. In doing so, we can 
precisely control the functional activity and responses 
by the cell to the external, carefully measured, ade-
quate influence (stretching of the muscle receptor) by 
electrical impulse activity of the cell under examina-
tion. At the same time, with the use of the methods 
of intravital microscopy and ultraviolet interference 
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cytophotometry we identified the concentration and 
biosynthesis of protein in a cell as a whole and in its 
individual regions and zones. Changes in aggrega-
tion of reticulum in the body of the nerve cell were 
traced with an intravital method of micro-cinodensi-
tometry. Using our laser projection microscope and 
the high-speed cinephotomicrography technique, it 
has become possible to record fast processes in the 
plasma membrane areas, in the chromatin regions in 
a non-dividing nucleus of a living cell with a period 
of up to 100 µs. Slower mechanical vibrations of cir-
cular structures of chromatin and microstructures in 
the cell cytoplasm were examined by us with scanning 
micro-spectrophotometry. Rhythms of cell energetics 
were investigated with cytochemical identifying of cy-
tochromoxidase (CO) localization and the micro-ci-
nodensitography technique according to fluctuations 

of the aggregation of mitochondria, with the use of 
Janus green for vital staining of mitochondria. We 
explored rhythms of respiration in the cell by oxygen 
tension fluctuations above the surface of the body cell 
based on the micro-polarography method.

Rhythms of the functional activity of the cell
Studies using the laser projection microscope re-

vealed the presence of some background oscillations 
of the plasma membrane regions in a living cell with 
a period approximately of 100 µs. Recorded was also 
a variety of background oscillations of the chromatin 
distribution in the inter-phase nucleus with periods 
ranging from a few of seconds for ring structures up to 
100 µs for individual local regions, associated with re-
organizations of macromolecules in the genetic appa-
ratus in the cell [17]. In addition to the fast oscillations 

0
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c) d)

Figure 1. Hierarchy of the functional activity rhythms of a nerve cell.

(a) Frequencygrams of the neuron pulse activity at different frequencies of stimulation. Maintenance of excitability fluctuations with 

periods 410 times longer; (b) and (d) are caused by fluctuations in the excitability of the neuron with a period 10600 times longer; 

(c) A frequencygram of the neuron pulse activity under stimulation with a period of 5 min. A rapid decline since the beginning of 

the stimulation and a fast triggerrecovery of excitability within 90 minutes, corresponding to the rhythm of the protein synthesis 

and adaptation of the neuron under study.
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of this sort, with conventional photographic and film-
ing techniques, with different intervals, we detected a 
wide range of periods of rhythms lasting from a few 
milliseconds, seconds and minutes, as well as circa-
horalian, circadian and seasonal biological rhythms 
of the sol-gel transitions in the body of the neuron 
and its regions. The circadian and seasonal biological 
rhythms were scrutinized by us utilizing cytochemis-
try, electron microscopy, electron and X-ray spectral 
microanalysis.

Under an electrical stimulation of a neuron, a pro-
longed rhythmic activity showing periods on the order 
of 30 ms, 100 ms, 300 ms, 1 s and 10 s appeared and 
was maintained. At rhythmic adequate stimuli, along 
with the rhythm of the stimulation, slower oscillations 
of the middle level of the pulse activity rate (Fig. 1a, b, 
d) occurred, which were recorded to be 6-15 and even 
100 times slower. The total duration of the transition 
process, caused by the 10 minute stimulation, accord-
ing to the ribonucleoproteids (RNP) concentration 
indicators and the RNP area sizes reached about 1.5 
hr. It was of particular interest that approximately the 
same duration was typical for changes in the neuron 
excitability. Under strong, adequate stimulation of the 
mechanoreceptors with a period of 5 min, it was found 
that after a sharp decline in excitability for approxi-
mately 1.5-2 hr, the neuron trigger-restored its excit-
ability (Fig. 1 c herein). Histochemical and intravital 
interferometric studies have shown that the neurons, 
which have restored their excitability, i.e. which have 
demonstrated their active adaptation to the stimula-
tions, have a higher level of energetics and a lesser re-
ticulum aggregation as it is the case with the neurons 
with a passive adaptation, not having restored the ex-
citability. Also, it was typical that during the above pe-
riod the first neurons clearly exhibited fluctuations of 
their rate level with a period approximately of 30 min-
utes, i.e. with a period equal to the RNP and protein 
concentration rhythms in the mentioned neurons.

The factual evidence for the energetic relationship 
between the changes in the excitability and the adap-
tation of a neuron to its adequate stimulation allows 
us to provide a fresh definition of the conditions re-
quired to produce a temporary connection of a sepa-
rate isolated neuron of the crayfish mechanoreceptor 
[10]. It should be mentioned that we failed to pro-
vide a temporary connection between those neurons, 
which previously had fatigued by strong stimulation, 
that resulted in pulsation blocking, and which were 

characterized by an arrhythmic initial pulse activity, 
with the use of a combination of a subthreshold elec-
tric stimulation with an adequate (mechanical) stimu-
lation, even upon completion of several dozen of the 
said combined actions at an interval of 11 and 29 sec-
onds. However, upon pre-intensification of the energy 
metabolism of the neuron (the activation conditions 
were checked by cytochromoxidase activity and a re-
duction in the aggregation of mitochondria), the levels 
of the laser, ultraviolet or electrical stimulation of the 
neuron, which were initially subliminal considering 
the neuron response, upon completion of several doz-
en of the combinations with the supporting adequate 
stimuli, were recorded to cause already clear responses 
as an increase in the firing rate of the neuron, that was 
observed for several minutes (Fig. 2). The same tem-
porary neural connection, showing no extinction, was 
maintained, as validated, at least within 30 minutes. 
The energy dependence of the plastic and calcium 
mechanisms of the adaptation in our experiments is 
confirmed by the fact that under the conditions, when 
protein transport and calcium binding in the neuron 
are violated by the colchicine [30], an attempt to estab-
lish a temporary connection has not been successful.

All above mentioned rhythms of the functional activ-
ity of the cell: oscillations of the cell surface membrane 
regions and chromatin areas in the inter-phase nucle-
us (about 10 kHz), spreading of the action potentials 
along an axon and the membrane potential changes in 
the neuron soma (1-70 Hz), the variations in sizes of 
the parts located near to the nucleus in the cell body 
and the ratio between the cell body diameter and the 
axon hillock diameter (circahoralian and seasonal fluc-
tuations) were accompanied by gel-sol rebalancing. In 
the phases of resting, the prevalence of gel was found in 
the cell and its compartments, and in the phases of the 
activity we observed the predominance of sol. In the sol 
dominance phases, diffusion of metabolites increased 
as compared to the gel phases on the 7 orders of mag-
nitude that was in conformance with the enhancement 
of metabolism.

Rhythms of energy metabolism
The micro-cinedensitography technique, developed 

by us for the purposes of the recording of the rhythms 
of the aggregation of mitochondria and other micro-
structures in a living cell, is based on keeping a record 
of changes in light transmittance by a cell region due to 
a variation in the degree of aggregation of the micro-
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Figure 2. Establishment of temporary connection of the single isolated neuron of the crayfish stretch receptor. 1  Frequencygram 

of the neuron pulse activity under acting of initially subthreshold electrical stimulation (dashed line) and supporting mechanical 

stimuli (solid line); 2  combined action; 3  after the cessation of the supporting mechanical stimulation, some responses to one 

electric stimulus and traces of the mean frequency after the termination of action of both kinds of stimuli are seen; 4  responses 

by the neuron upon delivery of the only electric stimulation.

structures. With the same size of the cytophotometric 
device probe and with the same object thickness of ab-
sorption and concentration of the microstructures, the 
transmittance capability increases, when the aggrega-

tion of the microstructures takes place, and decreas-
es, accordingly, with a more uniform distribution of 
the microstructures found within the probe area. The 
Buger and Lambert-Berr laws are applicable to homo-
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geneous solutions only. A change in the fill factor of 
the probe, when the heterogeneity of the absorbing 
structures within the area of the transmitter is vary-
ing, leads to a distribution in error. And our idea is 
to use just the dependence on the degree of the ag-
gregation, or the deviations from the homogeneity, in 
order to develop new methods for photovoltaic and 
photographic cytophotometry. In the latter case, a mi-
cro-cinefilm, produced under the conditions of trac-

а) b)

Figure 3. The microcinedensitographic method of recording of mitochondrial aggregation rhythms. At the top is a device for 

matching of parts of consecutive frames of negatives of an examined cell on the table of microdensitometer IPO451 and record

ings of fluctuations in optical density (D) within the probe area under the aggregation and disaggregation of mitochondria (time in 

s. is plotted on the abscissa). Densitograms of rhythms of the aggregation of mitochondria under the action of sodium succinate 

at different times. Time calibration: 10 s. Micro-photos: a -  Aggregations of mitochondria under CO staining. Оb.40Х, Оc. 10Х; b – 

The same  Оb.70Х, Оc.10Х, c – electron microscopy. Magnification 28 000x. The aggregations of mitochondria are visible.

ing the dynamics of a living cell with its mitochondria 
intravitally stained by Janus green, was processed by us 
with microdensitometer IPO-451, using our specific 
device, designed and manufactured by us to precisely 
match the sequential frames of the microfilm, so that 
we recorded in such a manner the respective fluctua-
tions in the aggregation of mitochondria in the living 
cell at rest and under various influences thereupon 
(See Figure 3).
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c)

The micro-cinedensitographic method allowed us 
keeping records of the rhythms of the aggregation 
of mitochondria with periods of 2-5 seconds, 15-30 
seconds, 1-2 minutes and 4-8 minutes. Some regular 
changes in components of the spectrum of the oscilla-
tion periods of the aggregation of mitochondria - the 
appearance of some faster or slower rhythms, the dis-
appearance of certain discrete values and the emer-
gence of the other – occurred, when the functional 
activity changed and when some energy metabolism 
substrates (succinate, malate etc.) were added to the 
saline solution. The duration of the transition process-
es was 2-6 minutes.

Other methods used by us made possible to fix circa-
horalian, circadian and seasonal rhythms of energy 
oscillations in a cell according to the indicators like 

gradients of the CO activity from the periphery to 
the nucleus within the cell (evaluation by regression 
equations of sequential densitograms), the ratio of the 
enzyme activity in the area between the nucleus and 
the axon to the same in the area between the nucle-
us and the dendrites, the general and specific activity 
(dye concentration) of the above enzyme. The latter 
was found only for the seasonal rhythm, and the other 
indicators demonstrated larger amplitudes in case of 
the seasonal rhythm (see Figure 4 herein).

The circadian and circahoralian rhythms manifested 
themselves most clearly by a change in the amplitude 
fluctuations of oxygen voltage above the surface of the 
cell, and in the transition processes they were clearly 
identified by the respective  topochemical indicators 
(see Figure 5).

Contributors to an intensified consumption of oxy-
gen may be as follow: 1) redistribution of mitochon-
dria and an increase in the cytochrome oxidase (CO) 
activity in mitochondria close to the plasmatic mem-
brane; 2) the coordination of the mitochondria ag-
gregation rhythms with those of pO2 in the external 
environment of the cell; 3) a reduction in the area of 
high activity of CO and mitochondria and a reduction 
of the path of oxygen diffusion; 4) an increase in the 
CO activity gradient from the periphery to the center 
of the neuron body; 5) transport of oxygen with wa-
ter current at hydration of the neuron body and cyto-
plasm dilution in transition of a part of gel in sol; 6) 
cyclic changes in the ratio of the neuron body size to 
the hillock size, at which oxygen is transported with 
water current in the neuron body, absorbed by mito-
chondria in the neuron body and at which oxygen-free 
water leaves the neuron body for the hillock and fur-
ther for the external environment; 7) a decrease in the 
aggregation of mitochondria by increasing sol with 
reference to gel integrally reflects all the ways of in-
tensifying energy metabolism and respiration of a cell.

Rhythms of biosynthesis
Functional loading, initiating the firing activity of 

the neuron, led to an increased dispersion of a period 
of the RNP concentration fluctuations in the neuron 
soma in the range from 25 to 55 min. The total dura-
tion of the transition process, caused by the 10 minute 
stimulation, according to RNP concentration data and 
sizes of the RNP area was about 1.5 hr. Interesting-
ly, that approximately the same duration was typical 
for changes in the neuron excitability. With excited 
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Figure 4. Gradients of the cytochrome oxidase (CO) activity and areas of its high activity in the neuron body.

1, 2 and 3 represent isodenses (lines of equal optical density of cell negatives) corresponding to the CO activity levels (dye concen

tration). Legend: 1 refers to 0182; 2 refers to 0343 and 3 refers to 0,829, respectively. 4. Calculation of the CO activity gradient from 

periphery to nucleus by the densitogram trend value. 5. Densitogram during scanning of the cell's photonegative with staining for 

CO from dendrites to axon. 6. Scanning of the cell with photonegative staining for CO by the area. "A crater" in the center reflects 

the dye concentration above and below the nucleus as well the absence of dye in the nucleus. 

a) The CO activity in the neuron in the resting state, b) The CO activity in the symmetrical neuron in the excitation state. Ob. 40Х, 

Oc. 10Х

1)

4)

5)

a) c)

b)

2) 3)
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Ptelectrode

Neuron body

Axon

а)
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c)

Figure 5. Oscillations of oxygen partial pressure (pO2) above 

the neuron body surface and the distribution of mitochon

dria. Legend: a) Placement of the platinum polarographic mi

croelectrode at the neuron body; b) pO2 oscillograms. c) pO2 

oscillations (% of the initial level): 1) above the zone between 

the nucleus and the axonal hillock; 2) reference in the chamber 

without mechanoreceptor, 3) oscillations of the variation coeffi

cient values of the mitochondria distribution densitograms after 

staining with Janus green in saline, without calcium in the region 

between the nucleus and the axonal hillock, 4) the same in the 

region between the nucleus and the dendrites.

neurons, an increase in the RNP concentration level 
was accompanied by a reliably established decrease 
of the mid-level of micro-heterogeneity from 9.7+0.9 
to 5.8±0.8% that corresponded to diminishing of re-
ticulum clump aggregation and reducing of clump 
sizes according to the obtained intravital differential 
interferometry data. Previously we have succeeded in 
presenting evidence for the fact that reducing of the 
aggregation of reticulum begins upon a neuron-exci-
tation-induced increase in the energetic exchange ac-
cording to the indicators of consumption of oxygen by 
the cell, growth of the ATP-ase and CO activity and a 
decrease of the mid-level of the aggregation of mito-
chondria [14]. The reduction in the aggregation of the 
reticulum clumps was accompanied by an increased 
energy-dependent accumulation of calcium therein 
[9].

Histochemical and intravital interferometric studies 
have shown that neurons, which have recovered its ex-
citability, i.e. those exhibiting their active adaptation 
to a stimulus, have a higher level of energy and a lesser 
aggregation of reticulum as compared with the neu-
rons with passive adaptation, not recovered its excit-
ability. Also, it was found to be typical that during the 
same period in the first neurons we clearly observed 
frequency level fluctuations with a period approxi-
mately of 30 minutes, i.e. equal to the periods of the 
rhythms of RNP and protein in the neurons.

It can be assumed that a triggered recovery of ex-
citability with an active adaptation is related to em-
bedding of newly synthesized proteins in the plasma 
membrane, which provide an adaptation to the applied 
stimulation. This assumption can be supported by the 
facts of a space-time analysis of changes in concentra-
tions of RNP (according to UV absorption data) and 
protein in the local areas of the body of the neuron 
after functional loading. In addition to the circaho-
ralian rhythms of protein synthesis and morpholog-
ical changes, we detected a wide discrete spectrum 
of some faster rhythms of morphological changes in 
some individual compartments in the cell, which re-
flect local changes in the sol-gel ratio. The above local 
rhythms of the sol-gel phase transitions were able to 
be synchronized for a time span that was significantly 
less than the period of the rhythm to be synchronized 
in different compartments of the cell. Figure 6 illus-
trates how consistently the phase shift of the circaho-
ralian rhythm of the protein concentration (absorp-
tion at 280 nm) in parts of the body of the neuron 
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from the nucleus to the axon hillock is realized. The 
region near to the nucleus acts as a pacemaker, which 
imposes consistently the correct phase, i.e. it synchro-
nizes the oscillations in the cell regions, farthest from 
the pacemaker, within just a few minutes.

The increase of the protein and RNP content in the 
neuron under adequate stimulation of the mechano-
receptor occurs only in phases of a growth of ener-
getics in a cell. In phases of an energetic reduction, on 
the contrary, the same level of the functional loading 
could inhibit biosynthesis. Only when the rhythms of 
the functional load and those of the cell energetics are 
synchronized, an increase in the cell excitability and 
an establishing of temporary connection at an isolated 
neuron in accordance with a scheme of a conditioned 
response may be possible (Figure 2).  

Another mechanism of participation of the circa-
horalian rhythms of the plasticity processes in the 
neuron soma in its integrative functions may be the 
processes of the energy-dependent transport of pro-
tein synthesized in the soma. Under the resting condi-
tions, or at a constant firing rate of the nerve cell, we 
could not detect any irregularity or rhythmicity of the 
axoplasmatic current. The absence of oscillations of 
the UV absorption in the axon [16] and shifts of the 
phase of a light wave in the presence of the rhythms in 
the neuron soma according to the obtained cytospec-

Figure. 6. Intravital UV cytospeсtrophotometry (left). Synchroni

zation of the circahoralian fluctuations in the protein concentra

tion (by UV absorption of D280) in different zones of the neuron 

body after the phase shift of this rhythm in a region near to the 

nucleus in the cell due to functional loading. An initial increase 

in absorption (an increased RNP concentration) in areas above 

the nucleus is visible, and there is a gradual phase synchroniza

tion of absorption fluctuations with them in other regions of the 

cell towards the axon. Homogeneous differential interferometry 

(right). Microphoto of a living neuron body and axon hillock at 

rest. Visible nucleolus granularity. Ob. 40Х, Оc.10Х.

trophotometric and interferometry data (Fig. 7) was 
unexpected. Peristalsis in the axon with a period of 
15-30 minutes, i.e. with a rhythm similar to the pro-
tein rhythm in the neuron soma, is described in [34]. 
In our experiments, the protein concentration fluc-
tuations, evidenced by modifying of the light phase 
shift, was observed in the axon hillock in the form of 
evanescent waves only during the transition process of 
the change of the functional state of the neuron. These 
facts can be explained by the presence of a depot ca-
pable of compensating irregularities in protein trans-
portation in the axon under some fluctuations in their 
synthesis in the neuron body. 

Actually, the morphometric analysis shows that 
geometric relations between the soma and axon hill-
ock may substantially change. This cannot but affect 
the velocity and, consequently, the amplitude of the 
decrement spreading of the generator potential to 
the trigger zone, located at a distance of 250-350 μm 
from the body of the neuron in question [29,32]. In 
other words, changing the content of protein in the 
axon hillock and changing the geometric relationship 
between the latter and the soma can parametrically 
modify (regulate) the transmission function and the 
functional characteristics of the neuron. An enlarge-
ment in the diameter of the soma of the neuron with 



Issue 12. May 2018 | Cardiometry | 15

Figure. 7. a) UV cytophotometry: circahoralian rhythms (the av

erage period is approximately 30 minutes) of protein in different 

zones of a cell: between the dendrites and the nucleus, in the 

nucleus region, in the zone between the nucleus and the axon 

hillock identified by absorption at 265 nm. 

B  intravital interferometry imaging the same neuron in the 

phase of reducing the protein content of the circahoralian 

rhythm (left) and in the phase of increasing protein concentra

tion (right). The change of the light wave phase shift above the 

nucleus of the neuron body at the level of two nucleoli is clearly 

seen; no changes in the sector of the downstream grown axon 

are detected.

Figure 8. The  appearance of the mitochondria "barrier" with the 

CO high activity at the boundary between the soma and the 

axonal hillock with their changing in geometry and inhibition of 

the pulse activity of the neuron. Ob. 40Х, Оc.10Х. Right  electron 

microscopy. Magnification 28 000x. 

b)

а)

reference to the axon hillock diameter increases the 
firing rate due to reducing the decrement of the gen-
erator potential. And an increase in the diameter of 
the axon hillock, on the contrary, augments the dec-
rement of the generating potential and reduces the 
firing rate. The amplitude may be even below the 
threshold to generate pulses that has been the case in 
our experiments. If it is takes place, the oxygen con-
sumption dramatically rises and the CO activity in the 
mitochondria is intensified that provides a barrier at 
the boundary between the body and the axon hillock 
(Figure 8). A sharp increase in the firing rate and its 
blocking under the action of veratrin (10 mg/ml) by 
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means of sodium inactivation do not alter the shape 
of the neuron body. The barrier of mitochondria with 
the CO high activity does not appear. This evidence 
for the energy-dependent osmotic regulation of the 
shape of the body of the neuron demonstrates that 
there is a relationship between the functional activity 
of the neuron and the energy parameters.

Different time lags and varying time constants of the 
regulation of the functional, energy- and plasticity-re-
lated processes are responsible for inducing changes 
in density and rate of the energy output with refer-
ence to the actual energy consumption, depending on 
the current sign of the energy imbalance conditions. 
These conditions, in turn, provide for priority alter-
nating of the more unstable, less energy-intensive, 
functional processes and those biosynthetic, which 
show a greater lag and higher energy intensity.

Thus, in addition to the energetic parametric rela-
tionship between the value and the sign of the func-
tional induction of the plasticity processes, there is an 
opposite energy-dependent effect of protein biosyn-
thesis on the functional characteristics of the neuron 
(see Figure 1 c). The obtained factual evidence con-
firms our idea of direct participation of the levels of 
the aggregation of the reticulum and mitochondria 
soma in trace processes and substantiates our assump-
tion on the adaptive role of the circahoralian rhythms 
of protein synthesis in the integrative function of the 
neuron.

Biological clock in the cell
Endogenous rhythms of the sol-gel transitions in 

the cell as a whole and in its individual regions can 
be synchronized and modify a phase under external 
influences with a new, subsequent synchronization in 
a steady state. The sol-gel ratio and the concentration 
of calcium in the cytosol, dependent on the ratio, by 
changing the aggregation of mitochondria and retic-
ulum, provide control of the levels of energy metab-
olism and biosynthesis. In this case, the rhythms of 
the protein biosynthesis in individual areas and zones 
within the cell are also synchronized. In the sol-gel 
phase transition, energy is released, and the volume 
changes that can generate acoustic waves. Propagation 
of these waves caused by mechanical vibrations can 
synchronize the phase of the sol-gel transitions in the 
neighboring areas (compartments) of the cell and pro-
vide a targeted transport of substances inside the cell 
and other processes of cytoethology [1].

As early as in the 30ies of the last century E. Bauer 
[2] drew attention to the work done against the equi-
librium, specific to living systems, which, in contrast 
to non-living systems, is characterized by "a stable in-
equilibrium". The universal morphological specificity 
of a living cell in the sol-gel transitions was described 
by L. Heilbrunn [5]. E. Bauer and A. Gurvich [7] spec-
ulated that energy in a living cell must be utilized to 
maintain a certain specific structure of proteins. That 
assumption was confirmed by works by G. Ling [19] 
which demonstrated that ATP molecules are used to 
conserve the expanded structure of proteins, and the 
lack of ATP leads to a reduction in structured water, 
an increase in sol, the loss of a portion of bound potas-
sium and replacement of the latter by sodium. In fact, 
it can be consistent with the notion of "the gyroscope 
of life"- energy expenditures required to maintain the 
rhythms of the sol-gel transitions in the cell. In this 
case, used may be external energy to be absorbed by 
gel in its transition to sol, as well as internal energy 
to pump calcium in its intracellular depot (calcium 
sequestration). Releasing the same calcium from its 
depot requires no energy expenditures, but promotes 
to maintaining the rhythms in the phases of sol-gel 
transitions, in which energy is generated in the form 
of acoustic and electromagnetic fields. This energy is 
used, similar to external physical influences, for the 
sol-gel transitions in the other (in the neighboring) 
compartments of the cell as well as in the other cells, 
providing the major information function of integra-
tion of the intra- and intercellular processes. In the 
process of evolution, this major information function 
has not been lost, but merely extended by some target-
ed forms of information transfer: the humoral form 
(with the emergence of the lymphatic and blood cir-
culatory systems) and the nervous form (with the ap-
pearance of the nervous system). However, the merit 
of the field form of the information links is a high rate 
of the data transmission provided simultaneously to 
all elements in a system. Targeting of the neuro-hu-
moral links demonstrates its advantages in accuracy, 
efficiency and selectivity.

To produce oscillations in a biological system, it is 
enough to provide an energy input and non-lineari-
ty in the negative feedback system for a process to be 
controlled. The oscillation mode of the homeostatic 
regulation, as compared to maintaining permanent 
levels and constant rates in a bio-system, is advanta-
geous considering not only its energy consumptions, 
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but also taking into account its fast adaptation to vari-
able external conditions. The nature of the non-lin-
earity and the biological rhythm parameters depend 
on volumes and lability of deposited substances and 
energy sources.

A period of a biological rhythm of any function-
al or structural process is managed by the rhythms 
of its energy supply and availability. At the level of a 
cell and an organism, temporary organization and the 
correction of the latter, considering the environmental 
rhythms, are provided by the circadian futile rhythms 
of energetics [21]. In the daytime, used are mainly 
carbohydrates, and at night the consumption of fat-
ty acids prevails. Accordingly, at night the priority is 
given to biosynthesis of proteins, and the functional 
processes are prioritized in the daytime. Matching of 
the rhythms by a cell occurs due to calcium-energy 
mechanism of their relationship [9). The dominance 
change-over from biosynthesis of fatty acids and the 
breakdown of carbohydrates to synthesis of carbohy-
drates and the breakdown of fatty acids occurs due to 
changing the priorities in the energy-supply for the 
functional and biosynthetic processes. The circahora-
lian rhythms of protein synthesis in the cell [3,23] and 
the rhythms with a shorter period within the range 
from 0.1 s to 5 min. are have been known for a long 
time for the system of secondary mediators of Са2+ 
-cАМP induced [27]. 

The functional processes being more labile and less 
energy-intensive take precedence at a sufficient rate, 
but under a low density of energy flux; as to the bio-
synthetic processes, they demonstrating energy-inten-
sive and time-lag type, prevail at a low rate, but fair-
ly great density of energy flux. The function receives 
the priority in energy supply at the beginning of an 
energy gain induced by the function itself, but as the 
positive energy balance increases, the required energy 
flux density is achieved, and plasticity processes are 
given the priority. And a reduction in energy produc-
tion due to the self-control assigns again the priority 
to the function and inhibits biosynthesis. The cycle is 
repeated because of differences in lag characteristics 
of the function, energetics and biosynthesis. Evolu-
tionary memorizing of the periods of changing these 
priorities is determined by the temporary organiza-
tion of the external environment, where the cell sim-
ilar to another biological system (the organism, the 
biocenosis, the biosphere) undertakes its operation. A 
change in the phase of external circadian rhythms of 

the cells through a change in the relationship between 
density and energy output rate, induced by the altered 
function, is responsible for varying the degree of syn-
chronization of the circahoralian biological rhythms, 
through which the phases of the relevant circadian 
biological rhythms of the organism are adjusted [19]. 
Similarly, at the expense of the energy parametric de-
pendence, the periods of the biological rhythms with-
in the levels and between the levels in a bio-system are 
coordinated. Their absolute values depend at anytime 
on the number and the degree of synchronization of 
the elements in the system and in the shape of hyster-
esis of the trace memory of the bio-system.

A difference of the biological clock in a cell from the 
Belousov-Zhabotinsky systems oscillating chemical 
reactions [8] lies not only in the concept of non-lin-
earity and an oscillation period variation. In a living 
cell, in addition to the non-linear negative feedback 
and energy input, the mechanism of change of the 
direction is available: "a clock pendulum”. This is the 
change of the priorities in energy induction that initi-
ates either the functional processes or the biosynthetic 
ones in the cell. In the cell, due to the feedbacks mem-
orized in evolution, the self-regulation of the level 
and rate of energy production is constantly provided 
in accordance with the level and the rate of its con-
sumption by rate- and intensity-varying processes. A 
reduced consumption of ATP decreases its synthesis, 
and, on the contrary, an increase in the energy con-
sumption intensifies the energy generation. As a result 
of the changes in the Atkinson curves, adenilate ener-
gy charge permanently fluctuates near to the values 
specific to the cell of a certain age and species. Owing 
to the different thresholds of energy limiting, regu-
lating and saturation relating to the used energy rate 
and energy flux density, the change-priority principle 
of distribution of energy between processes of differ-
ent lability and energy intensity is applied. The func-
tion as a more labile and less energy-intensive process 
takes precedence in the early rise of energy genera-
tion, until the saturation phase occurs, and the energy 
growth will lead to an increase in energy flux density 
to be sufficient to stimulate biosynthesis. Biosynthesis 
takes precedence, when the rate of energy production 
is already falling, but the density continues to rise or 
remains within the scope of regulation. The function 
and other fast processes are retarded (normalized as 
an effect of the energetic parametric self-regulation), 
and biosynthesis and other more energy-intensive and 
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lag-time processes continue to intensify. The self-reg-
ulation of these processes leads to a decrease in the 
energy flux density, and the priority is given again to 
the function and the other low-energy-consuming 
and labile processes. Changing priorities takes place 
again and again.

This mechanism of the biological clock covers the 
entire hierarchy of the rhythms of sol-gel transitions 
in a cell, including the cells of prokaryotes, which do 
not have a circadian rhythm. Phase synchronization of 
energy exchange of futile circadian cycle in the cells 
in a multicellular organism is provided by increasing 
the synthesis of melatonin in response to changes in 
its external environment (lowering of illumination, 
temperature, intensity of the Earth's magnetic field) 
[20]. The biological clock in a cell initiates oscillation 
processes of the secondary intracellular mediators of 
Са2+-cАМP induced [28], gene expression, transcrip-
tion and translation [31]. In the works, awarded with 
the Nobel Prize for 2017, in particular in [24, 25, 33] 
revealed has been the involvement of specific genes 
and proteins leading to harmonization in time biosyn-
thetic processes in a cell with a temporary organization 
of the external environment.  In this paper we have at-
tempted to answer the questions about what initiates 
changes in the direction of motion of the pendulum 
of the intracellular clocks and about how the rate and 
density of the energy flows can change over the prior-
ities between the functional or biosynthetic processes.
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Abstract
An overview of the author’s original works dedicated to the hi

erarchy of biological rhythms, chronodiagnostics and biocon

trolled chronophysiotherapy is presented herein. Stability of 

biosystems is based on harmony of discrete spectra of their bio

logical rhythms with a spectrum of normal cosmoheliogeophys

ical rhythms. According to the extent, the nature and the sort of 

the phaserelated, systematic and hierarchical desynchronoses it 

is possible to diagnose and forecast the condition and the resis

tance of biosystems at their respective level. An efficient man

agement of life is possible by biosynchronization of an external 

physical action with the phases of increasing of energy supply 

for the respective responses of a biosystem. A prerequisite for 

bioresonance is a multifrequency parallel resonant capture. An 

invariant ratio of biological rhythms periods in their hierarchy 

explains an exclusive sensitivity of the biosystems to biologically 

significant information influences under their high noise immu

nity to influences having a single constant frequency or showing 

an abnormal range of frequencies. Chronodiagnostics identifies 

disorders (desynchronoses) at the early preclinical stage of a dis

ease. Biocontrolled chronophysiotherapy allows eliminating not 

only the symptoms, but also the causes of diseases (desynchro

noses) in an organism. 
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Hierarchy of biological rhythms
The origin of the simplest living cell was a result of 

an integration at least of two interdependent consum-
ers of external energy from their common source. The 
energy consumers differ in rates and density of energy 
used by them. This is the main prerequisite for their 
timing as endogenous biological rhythms. The most 
labile and the least energy intensive functional process-
es are as follows: intracellular motions, secretion, elec-
trical activity and depositing of substances. Processes 
demonstrating most pronounced time-lag and energy 
intensive nature are those referred to biosynthesis of 
macromolecules and microstructures. The emergence 
of convariant reduplication exclusively in combination 
with the functional processes of a protocell through 
the common energy source has resulted in the origin of 
a living cell. A similar division between fast function-
al, low-energy consuming and slow, energy-intensive 
structural processes may be also possible at the level of 
the organism, biocenoses and the biosphere (Figure 1 
and 2 herein).

An intermediate value of the regulation lag has energy 
generation at the level of the cell and other biosystems 
(see Figure 1 herein). The functional processes receive 
the priority of the energy-related authorization and 
regulation referred to biosynthesis in the cell (to restore 
the structures of other biosystems) at the initial stage 
of growth of their energy input. However, an increas-
ing energy input due to enhancing of the function is 
maintained even upon the normalization of the func-
tional processes. Now, in its turn, it leads to an increase 
in the flux density sufficient for the authorization and 
regulation of the biosynthetic and the other structural 
processes. Normalization of biosynthesis and a reduc-
tion of the energy flux density again changes over the 
priority to the energy supply for the functional pro-
cesses. The alternation of predominance between the 
functional and biosynthetic processes is maintained as 
endogenous biological rhythms and as retention of "a 
sustainable inequilibrium" in the cell [2]. The similar 
mechanism responsible for changing of the priority of 
energy supply between the functional and the structur-
al (biosynthetic, recovery) processes exist at other hier-
archical levels of biosystems (see Figure 1 and 2 herein).

The biological clock in a cell, as in any other biosys-
tem, is hierarchically built in the same manner. It in-
cludes a mechanism to change the direction of motion 
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Figure. 1. Hierarchy of biosystems. Left: green links are functional processes: right: blue links are structural processes; in the middle: 

red links represent energy regulation.

of the pendulum, or, in other words, of the change-over 
of the phases of the corresponding biological rhythm 
for biosystems at any hierarchical level (circahora-
lian, circadian, seasonal rhythm etc.). A change of the 
phases of a biological rhythm is determined by periodic 
switching-over of the priorities of energy supply from 
the fast less-energy-consuming functional processes 
to higher energy intensive structural processes having 
the greater lag. Then the priority of the energy authori-
zation and regulation goes to the functional processes 
again. Due to non-linearity of the negative feedback in 
the energy input and due to an interaction among the 
processes, having differences in their rates and energy 
demands, through the common energy supply, all bio-
logical rhythms show their varying periods. Even the 

most stable circadian biological rhythms demonstrate 
on the average a departure of 1-2 hours. A correction 
to reach 24 hours always takes place by exogenous 
rhythms (light, temperature). As to the circadian bio-
logical rhythms, the respective indicators (“the clock’s 
hands”) of the current phase are the relation between 
synthesis and consumption of carbohydrates and fatty 
acids [12], and the level of melatonin synthesis acts as 
the phase switch.

Unlike chemical oscillatory systems with a constant 
oscillation period, all biological rhythms demonstrate 
their period variability. The reason to provide the vari-
ability is that there are always many spontaneously 
arising, irregular endogenous factors available, which 
produce their influence on the lag of the energy regu-
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Figure 2. Hierarchy of biological rhythms.

lation for various intracellular processes. These factors 
determine the buffer capacity, reserves of the self-regu-
lation and homeostatic capability of the cell. Acceptable 
departures of the biological rhythm periods, which do 
not produce the loss of stability, have opened for liv-
ing systems absolutely new options for their adaption 
to changing temporal organization of the environment 
and for the evolutionary complexity of biosystems in 
their self-improvement and integration.

Due to the time differences in the functional and 
structural (biosynthetic) processes, the living cell along 
with the other biosystems has acquired new properties. 
This is memorizing of the history of input influences 
and effects; it is not only some trace changes, but also 
a long-term memory with maintaining selective sen-
sitivity to some usual, regularly occurring, time pa-
rameters of the biologically significant influences and 
effects. These are the properties of adaptation, training 
and learning, specialization and some new possibili-
ties and capabilities of the evolutionary adaptation and 
complexity. The problem of ageing of cells as a result 
of minimizing energy consumptions, when adapting 
and learning & training, has been solved in evolution 
by three ways: 1) by maintaining growth through func-
tional induction of biosynthesis of new macromole-
cules and eliminating defective macromolecules and 
microstructures; 2) through a change of generations 
(reproduction), though at the expense of the loss of 

the biological information acquired in ontogenesis at 
the epigenetic level; 3) through the differentiation of 
stem cells into cells of a given type. Similarly, at the ex-
pense of the loss of memory and ontogenetic pheno-
typic adaptations, genetic mutations and selection, life 
is saved at the level of the organism, the biocenosis and 
the biosphere. And it is a human being alone, who has 
exclusively invented a completely new way of storage 
and saving of the information obtained by him in the 
ontogenesis that remains ready-made available for the 
next generations.

The relative lag of structural changes, as compared 
with the same level of the functional ones, allows bio-
systems ignoring random signals, possessing memo-
ry and providing presettings to regularly occurring, 
biologically significant, signals. At the same time, the 
signature functional effects provide for “an advanced 
reflection going ahead”[1] of the most likely expected 
changes in the external environment in structural re-
sponses of a biosystem. Due to the advanced reflection 
(expectation), a biosystem gains in a principle manner 
in its stability. The appearance of the differences in the 
energy intensity and the lags in the regulation between 
the functional and structural (biosynthetic) processes 
should be attributed to the hysteresis dependence of 
the sol-gel transitions of the energy supply parameters. 
In particular, changing in the rate of the ATP synthesis 
and its consumption under an influence of varied rates 
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and lags of the regulation of the intracellular processes 
depends on the local sol-gel ratio in a particular com-
partment of the cell [4].

When a living cell first originated, the duration of the 
transition processes, time constants of feedbacks and 
time periods of rhythms of the functional and struc-
tural processes differed by a factor of π7 (see Figure 
1.2 herein). "The current structure is a product of the 
yesterday's kinetics" [10]. The biological significance of 
such differences between the structure and the function 
of biosystems at the same level is to provide a reduced 
sensitivity to random, erroneous, unaccustomed infor-
mation and a pre-specified selectivity of biologically 
significant, adequate, regularly appearing, signals. A 
large lag (by a factor of π7) of the structure against the 
function at the same level allows biosystems avoiding 
memorizing of some random effects in the structure 
and fixing the selective sensitivity to the regularly oc-
curring, biologically meaningful, information signals.

As shown in [11], evolution of elementary open cat-
alytic systems (EOCS) demonstrates a tendency in 
increasing of the common and useful energy capaci-
ty of the base reaction. By applying this statement to 
evolution of biosystems, it may be assumed that their 
progressive complexity from the primary cells to the 
multi-level differential biosphere in its existing form 
has also been followed the direction of increasing flux 
densities of energy used. Evolution of the biosphere, 
upon the origin of new levels of the integration of bio-
systems and their further progressive complexity was 
possible only in the case, when an increase in the ener-
gy flux density, at least temporary and local, would give 
energy gains and elevate the stability thereof (even at 
the expense of change of generations).

The emergence of new major levels of the biological in-
tegration (MLBI), it is thought to be similar to the EOCS 
evolution [11], is based on overcoming some constitu-
tional constrains of increasing of the averaged density 
fluxes of energy used. MLBI covers the following: the 
biosynthetic self-replicating cycles - BSRC, cells, or-
ganisms and biocenoses as subsystems of the biosphere 
(see Figure 1 herein). The MLBIs are qualitatively new 
autonomous structures. By increasing the average con-
sumption of the external energy, they are capable of a 
centralized parametric energy regulation of the function 
(u, v, w, left side in Figure 1 herein) and the structure (k, 
l, m, right side in Figure 1 herein) of their subsystems 
and elements, using feedbacks of all elements. This gives 
a gain in energy supply for slower processes, which how-

ever globally cover the entire biosystem. Increased sus-
tainability through an energy benefit for each element 
in the formation of intermediate levels of the biological 
integration (ILBI) takes place by increasing dispersion 
and consequently the maximum density of fluxes of the 
used energy to overcome the kinetic limits.

The first kinetic limits of an increase in the maximum 
density of used energy for each MLBI are achieved due 
to formation of the first intermediate levels of the bi-
ological integration (ILBI), representing an energy in-
tegration of homogeneous elements. For the structural 
entities, they are homogeneous microstructure of the 
cells (HMC), tissues, populations and biomes. As to the 
functional entities, they are as follows: homogeneous 
compartments of a cell (HCC), ensembles or function-
al units (FE); families, herds, flocks; functional systems 
of homogeneous biocenoses (FSOB). The energy ad-
vantage of an integration of this sort is provided by 
a coordination (shifting) of the activity phases of the 
homogeneous elements, similar to the case, when indi-
vidual energy consumers from different time zones are 
united into their common grid network.

The second kinetic limits are reached, when hetero-
geneous elements are united into the second type of 
ILBI: they are heterogeneous microstructures of the 
cell (HMC), organs, consortia, regions; heterogeneous 
compartments of the cell (HCC), the functional sys-
tems of an organism (FSO), the functional systems of 
dissimilar organisms (FSDO) and those of biocenoses 
(FSB). An energy gain from the integration of the ele-
ments with different kinetics and energy is also obvi-
ous, since this contributes to a more complete and fast-
er consumption of external energy. All ILBI in contrast 
to MLBI are not capable to energetically synchronize 
their elements. The regulation of the elements therein 
is carried out only on the basis of energy competition 
with their closest neighbors. This gives an advantage 
as compared to the central regulation in solving tactics 
(fast), but local-type tasks.

Some relict biological rhythms, inherited from the 
procaryotic biosphere, have periods approximate-
ly 3 times smaller than the fundamental ones, and 
the fundamental biological rhythms demonstrate 3 
times shorter periods than the coordinating biologi-
cal rhythms at the same integration levels (see Figure 
2 herein). This eliminates a parametric resonance and 
provides the relative autonomy of the adjacent levels. 
The periods of the biological rhythms of the adjacent 
levels of the integration of biosystems differ by dozens 
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of times (10-30): this eliminates the capture of the peri-
od both from the lower and the upper level.

Discreteness of the temporary organization of complex 
biosystems with step PI (π) can be explained by their 
protection from a parametric resonance (more than 2), 
including from the lower and upper level rhythms (π2). 
Such values of a step of the temporal hierarchy of bio-
logical rhythms correspond to the discreteness of sizes 
of animals between taxa of different ranking established 
in [14]. It can be assumed that such step is associated 
with the hierarchy of the energy linkage between the lo-
cal and integrating processes. In the simplest case with a 
ball-shaped biosystem, a cooperative energy linkage of 
elements (each with each) is slowing down by a factor of 
π, as aggregates of aggregates - by a factor of π2, and as 
aggregates of the third orders - by a factor of π3. How-
ever, an actual deviation of the biosystem shape from its 
spherical shape, the origin of the blood circulatory sys-
tem, sending signals as nerve pulses lead to an enhance-
ment of the kinetic perfection only. And an increase in 
the energy density is only possible at the expense of 
the other parts of the biosystem as a result of the spa-
tio-temporal organization (alternating). Consequently, 
an integral rhythm of the structure will slow down as is 
the case with the rhythm in the ball-shaped biosystem.

The emergence of associations of the sol-gel struc-
tures corresponding to the existing genes (viruses), 
for the first time has split the times of the functional 
(x, y, z) and the structural (p, r, s) processes. This is a 
fundamental difference of the living systems from the 
non-living ones. The energy parametric regulation by 
BSRC w0 acted as feedback with a period equal to r0, 
the rhythm of the elongation (joining of amino acids in 
protein synthesis at the ribosome) (see Figure 1 herein). 
Thus these unique structures have lost their direct func-
tional changes (the regulation by the lower elements). 
Hence appeared is the parametric energy regulation of 
derepression and replication of genes in the absence of 
a direct inheritance of acquired properties. We can say 
that life came into being, when the spatial organization 
of BSRC (see Figure 1 herein) in the protocell provid-
ed the circuit through the energy parameterization not 
only of the function of their elements (w0), but also in 
the form of r0 of the same energy flux - the-structural 
organization of genes. Thanks to this for the first time 
a stable hierarchy of interrelated (through the distribu-
tion of the overall flux of the input energy) oscillatory 
circuits developed, which were adequate to the hierar-
chy of the external environment oscillation periods.

The hierarchy of biological rhythms shows a good 
agreement practically with all major cosmogeliogeo-
physic rhythms, recorded on the surface of the Earth: 
this is the natural frequency of the ionospheric wave-
guide, infrasound and micro-pulsations of the geomag-
netic field of classes Rs1, Rs2 and Rs5, pulsation of the 
Sun, cycles by Niedermueller, Cortie, Wolf, Patterson, 
Grebby and Milankovitch, climatic rhythms and season-
al rhythm of a galactic year. Not all biosystems show the 
same sensitivity to these external rhythms. It is possible 
that a number of the rhythms with a short period have 
even lost their importance they have had at the early 
stages of life evolution. They differ dramatically in their 
power and amplitude fluctuations. However, for the de-
velopment of multi-level life the ratio of their periods 
is critical. This is the basis for bio-resonance allowing 
biosystems to combine their high noise immunity with 
an extremely high sensitivity to biologically meaningful, 
appropriate influences made by the other biosystems.

Chronodiagnostics
The evolutionary classification of biological rhythms 

in the hierarchical biosystems allows suggesting that 
there may be some new methods of diagnostics and 
forecasting of state of the biosystems from the cell to 
the biosphere based on detections of various disagree-
ments among the biological rhythms and disorders 
of their fractal structure. Chronodiagnostics can be 
made by evaluation of availability and assessment of 
values of phase-related, systematic and hierarchical 
desynchronoses. In contrast to the methods of disease 
diagnostics by the presence of structural disorders in 
a human body (with the use of x-raying examination 
technique, ultrasound examination, tomography), 
chronodiagnostics is possible at an early, preclinical 
stage of disease progression according to function-
al desynchronoses, when structural disorders do not 
manifest themselves. According to a shift of acrophase, 
changes in the amplitude and the mesor of the circadi-
an biological rhythm and according to the appearance 
of the ultradian and infradian biological rhythms, it 
has become possible to reliably and very simple detect 
even the first signs of progressing of various diseases 
and changes in the functional state of the human or-
ganism, taking into account ageing and occupational 
specifics [8, 13, 18].

We proposed some original methods of early diagnos-
tics by the presence of some systemic and hierarchical 
disagreements among biological rhythms [3,5]. Dis-
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orders of harmony of biological rhythms are recorded 
not by changes in their absolute values, but according 
to their deviation from the normal invariant ratios. For 
example, a system desynchronosis, as a deviation from 
the normal ratio of the heart rate to the respiratory rate 
value (from 3 to 5), has the same value for a human 
and a mouse, as well as for an elephant, despite the dif-
ferences in the absolute values of the periods of their 
given biological rhythms in these organisms. System 
desynchronoses are recorded as a disagreement in the 
ratio between the periods of the rhythms at the same 
level. For example, a system desynchronsis according 
to a deviation from the ratio of the rhythms of the heart 
rates to the respiratory rates at the organ level indicates 
a disorder of the vegetative status of an organism. Ab-
normalities of the ratio of biological rhythms in num-
ber of the populations in a biocenosis bear witness to 
ecological ill-being. A hierarchical desynchronosis be-
tween biological rhythms found at different levels, but 
referred to the same type (function, energy or struc-
ture) allows predicting a direction of processes at a spe-
cific level from the cells to the biosphere.

Fresh opportunities for chronodiagnostics have 
been opened by the theory of non-linear oscillations 
and dynamic chaos [20]. It is proved in [19] that the 
multi-fractal heart rhythm structure and dominant in-
fluence thereon by breathing rhythm under the normal 
conditions may substantially differ at the early stages of 
ontogenesis and pathology. Today there are many vari-
ous approaches to studies on the heart rate and respira-
tory rhythm variability based on non-linear dynamics 
methods [15, 16, 17, 19]. Since the time of completion 
of the first research works on the above subject, the 
non-linear dynamics techniques have confirmed that 
they are really a powerful tool for an analysis of bio-

logical rhythms. The non-linear symbolic dynamics 
method [20] was used as a pioneering technique with 
the encoding "words" of varying non-fixed lengths, in-
cluding construction of the respective scattering dia-
grams to take into account the RR-interval minima and 
maxima on ECG [5]. Also very informative, according 
to our research, is the diagnostic methods to detect dis-
orders of the systemic coordination in the performance 
of the individual subsystems. The first class of the dis-
orders of the systemic coordination may be revealed, 
when comparing the rhythms of different periods taken 
at the same level of the organization. For example, for 
the level of the organs and organism systems, a disorder 
can be detected according to the ration of the heart rate 
value to the respiratory rate. Such a disorder is capable 
not only characterizing the early signs of a disease of the 
heart and respiratory organs, but also of predicting un-
favorable vegetative responses under stressful loading 
or under developing a sustainable sympathicotonia or 
vagotonia. The second class of the systemic disorders is 
found to be an abnormality of an optimal balancing and 
harmonizing of the rhythms of different periods, in our 
case it refers to the heart rhythm relationship in differ-
ent periods.

In our research, we pioneered in applying the meth-
od of non-linear symbolic dynamics [20], which deals 
with the encoding "words" of different non-fixed 
length. The fact that up to 90% of power of the fre-
quency spectrum in an intervalogram account for very 
low and ultra-low frequencies, and their physiological 
and diagnostic value remains unknown [9], suggests 
that the methods of non-linear dynamics of the R-R 
periods ECG allow obtaining more accurate data and 
more direct information used for diagnosing and pre-
dicting the condition of patients.

Figure 3. Three scatter plots displaying the mmintervals in a healthy human (left), in a patient with stagnant heart failure (center) 

and in an atrial fibrillation patient (right). On the axes the mmintervals in milliseconds are plotted.
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When constructing a scatter diagram to indicate the 
lows and highs of the mm-R-R intervals, there we can 
reveal some new features in its structure: instead of a 
single cloud, which is found on the scatter diagram of 
the R-R intervals, we can find several clouds of the lo-
calization of the dots. The appearance of these clouds 
can be explained by the fact that each time interval of 
a prevailing activity of the parasympathetic or sympa-
thetic nervous system is characterized by a different 
number of the heart beats. Therefore, the mm-scatter 
diagram reflects the complete hierarchy of the R-R in-
terval rhythms (see Figure 3 herein).

Figure 3 exhibits some mm-scatter diagrams, which 
are typical for patients, suffering from diseases, ver-
sus that in a healthy individual. Differences in them 
are clearly seen even without any additional anal-
ysis tools. An mm-scatter plot of an ill patient dis-
plays some differences in its shape and demonstrates 
blurred lines of cloud configurations. An assessment 
of the actual shapes of the clouds and the dot distri-
butions therein allows drawing a diagnostic conclu-
sion. In particular, under pathology, a lesser number 
of clouds can be identified, and their shapes show a 
stronger differentiation. A comparative analysis of a 
large number of such scatter plots completed by us 
has shown that there are distinct differences detected 
in the ill patients versus healthy individuals, and in 
addition there are some significant differences iden-
tified in patients with different types of pathology. A 
visual qualitative assessment of such mapping is easy 
and simple for express chronodiagnostics, for a quick 
identification of the presence and extent of pathology, 
of a tendency in disease progression and an assess-
ment of the effectiveness of the treatment. However, 
to objectively quantify various mm-scatter diagrams, 
Y.V. Gurov developed a tutorial program of an iden-
tification of the scanned images for differentiated 
diagnostics of heart diseases. It is not excluded that 
this analysis of the heart and breathing rhythms solely 
would allow diagnosing diseases of the other organs in 
the organism, too, similar to the pulse diagnosis plas-
ticized by Avicenna applied to diagnose abnormalities 
and diseases of different organs. So far, an application 
of this method has demonstrated the capability of dif-
ferentiated chronodiagnostics of a variety of cardiac 
diseases. For these purposes, used is the quantitative 
method of character non-linear dynamics.

Treating vocabularies of long words (having a length 
of more than two characters), we can notice that, 

starting with words containing 8 characters in length, 
the average volume of the vocabulary for a group of 
healthy people is less than that for groups of patients 
suffering from stagnant heart failure and with atrial 
fibrillation. Recordings made in patients with a diag-
nosis of the syndrome of sudden death, the vocabulary 
volume is found to be consistently lesser, as compared 
to the other three groups. Such differences in the vol-
ume of the vocabularies can be explained by the fact 
that for healthy individuals, there are significantly less 
forbidden words of a short length that eliminates the 
need of a "regulation" of the rhythm by longer words. 
For the sudden cardiac death syndrome typical is the 
presence of multiple abnormalities in the heart rhyth-
micity. Apparently, their appearance is a consequence 
of the fact that the regulation by the long words leads 
to a dysregulation. In particular, the sudden cardiac 
death is characterized by very long words (up to 1000 
characters in a word), that is not the case with the oth-
er three groups, where the maximum length of the pe-
riodic words reaches in average 30-60 characters.

The frequency rate of forbidden words in healthy 
people is associated with their age. The greater the 
age, the more forbidden words. In groups of unhealthy 
individuals, the volume of the vocabulary made of 
two-character words seldom reached a limit of 125 
words. In the group of patients suffering from stag-
nant heart failure only 5 patients of 44 were identified, 
whose vocabulary volume amounted to 125. In the 
group of patients with atrial fibrillation 18 individuals 
of 84 and in 3 of 19 individuals in the sudden cardiac 
death groups the forbidden two-character words ap-
peared even in the first two submatrices in the graph 
(see Figure 4 herein).

Figure 5 herein gives an illustrative example of pie 
charts, which are descriptive of the occurrence of 
some specific words in the symbolic dynamics. Ac-
cording to the charts, we can make conclusions on the 
status and the presence of a disease in a particular pa-
tient, if any, in a very easy way. So, Figure 5, on the left, 
shows a diagram of a healthy individual, and another 
diagram, given on the right in the same Figure, char-
acterizes an ill patient. The difference between these 
two charts is that in case of a healthy subject, in the 
symbolic line, we can find a great variety of the words 
that manifests itself in the fact that there are almost 
no white stripes available, which meet the forbidden 
transitions. At the same time, an ill individual is char-
acterized by a large number of the forbidden transi-
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tions and offsets of the distribution of the words. In 
the symbolic line, the repetition of the same words is 
often found.

So far, chronodiagnostics has not found its appli-
cation in diagnostics and prediction of future states 
of the biocenoses and the biosphere in general. That 
is due to some difficulty in recording & tracing and 
lengths of biological rhythm periods of the biosyste-
ms, as compared with those related to chronodiagnos-
tics of states of a cell or an organism. However, the 
applicable principles and methods of chronodiagnos-
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Figure 4. Submatrices of a weight matrix of the graph for a healthy human individual (top row) versus a patient with stagnant heart 

failure (bottom row). White cells have a weight more than 1%, the grey cells have a weight greater than zero, but less than 1%, 

and the black cells show forbidden transitions.

tics remain the same for biosystems of any level due to 
their natural fractality. Therefore, we may expect that 
there will be some pioneering possibilities and options 
for such analysis in ecology and for predicting future 
biosphere-associated processes.

Bio-resonance and bio-controlled  
physiotherapy

All regulatory communication in biological systems 
is of multi-frequency nature. Respectively, resonances 
in biological systems also can be of multi-frequency 
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Pie chart: a healthy individual Pie chart: an ill individual

Figure 5. Pie charts illustrating the distribution of words (sequences of the mmRR intervals) for individuals of the same age (22 

years). Left: the chart of a healthy individual; right: the chart of an ill patient suffering from stagnant heart failure. The black circle 

mapping indicates the availability of the words in a given interval, and the circle breaks represent intervals of the forbidden words. 

Darker color outlines some sectors for those words, which occur most frequently. White color refers to sectors of forbidden words. 

character with an invariant ratio between the frequen-
cies at each time under variation of the absolute values 
of these frequencies. They are memorized in evolution, 
since they do not destroy stability of biosystems un-
der information communications among themselves 
and with the external environment. It has been just 
the multi-frequency signals, being in correspondence 
with the hierarchy of biological rhythms periods, to 
which evolutionarily the highest sensitivity has been 
producing. The most important difference of the bio-
logical multi-frequency resonances is that decisive for 
them are not the absolute values of the components, 
but their invariant ratio, similar to the same chord in 
different octaves. The phenomenon of multi-frequen-
cy parallel resonant capture is a specific property of 
living systems. It has been detected by us experimen-
tally in a single nerve cell [3.7]. Only multi-frequency 
exposure the intrinsic rhythms of energetics of the cell 
has increased in a sustained manner the content and 
synthesis of protein in the cell (see Figure 6 herein). A 
single-frequency or continuous-type exposures have 
resulted in a temporary increase in protein content in 
the cell only [4].

The multi-frequency resonance was discovered by 
us in studies on some examples of selective intensifi-
cation of biosynthesis in neurons, yeast cell budding, 
wheat seed germination and oppression of the vital 

activity of abnormal cells, which varied in the range of 
their intrinsic biological rhythms [7]. A proportional 
change in the absolute values of the periods of bio-
logical rhythms does not affect their invariant ratio: 
we understand the same word, no matter whether it 
is spoken by a male with a low frequency bass voice 
or by a woman with a voice showing high absolute 
values thereof. Due to multi-frequency codes, a sig-
nature control of signals of much shorter durations, as 
compared with the period of the inherent responses 
by a biosystem, is realized. For example, the response 
time of the organism to a light stimulus is compara-
ble to the duration of the transition process of the cell 
membrane. In response to short and weak signals of 
a tree, affected by tree pests, the other trees are ini-
tiating their long-term biosynthetic reactions of pro-
tective nature. Synchronization of these transitions 
between certain sol-gel structures in the cell may be 
sufficient to relay information signals and provide the 
relay transmission of external influences between the 
cells in the organism.

This is an ancient way of information interactions 
that has been developed at the stage of the origin of 
the simplest living cell. It certainly has survived both 
in modern single-cell and multicellular organisms. If 
compared with the evolutionarily more recent neu-
ro-humoral ways of conveying information in an or-
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Figure 6. Intravital interferometry with a complete separation of a secondary image of a nervous cell of the crayfish mechanoreceptor. 

Effect of an adequate multifrequency stimulation under the rhythms of energetic of the cell (concurrent with periods of 1s., 11s. 

and 29s.). From left to right: before stimulation, 30 and 60 minutes after stimulation, respectively. Ob. 20Х, Oc.10Х.

ganism, its main features are efficiency, low energy 
demand at a high-rate signal transmission. The main 
advantage of this method of signaling is a large infor-
mation capacity, because the multi-frequency encod-
ing of signals by the hierarchy of the rhythms of the 
sol-gel transitions enables using biological codes fixed 
by evolution, at high noise immunity. The neural and 
humoral communication linkages are expensive from 
the standpoint of chemical and energetic parameters, 
and their appearance has been dictated by the need to 
provide an address target transmission of signals that 
is required by a multi-cellular organism. 

The biological codes (the biological software) re-
sponsible for information communications between 
biological systems, beginning with their intracellular 
level, are invariant ratios of the periods of the rhythm 
hierarchy. This encoding allows eliciting responses to 
those signals, the intensity of which may be lower than 
natural background noise. At the same time, the bio-
systems possess high noise immunity, escaping from 
the single-frequency resonances occurring upon an 
exposure to a fixed frequency. The levels of an intact 
integral biosystem, referred to as those located above 
and below, actively absorb impacts made at a fixed fre-
quency, even if the latter will be close to the average 
period of the biological rhythm at a targeted level. Bio-
systems avoid single-frequency resonances due to vari-
ance in the periods of biological rhythms, among other 
things. A concurrent exposure to a set of frequencies 
with an invariant ratio, characteristic of a biosystem, 

allows the biological system to identify these adequate 
physiological information impacts of extremely low 
intensity and respond to them. Thanks to these codes 
the biosystems combine their high noise immunity 
with an exceptional sensitivity to biologically signifi-
cant, routine influences of information nature.

It has been detected that the Bio-feedback-control of 
a living cell by synchronizing the functional load with 
the rhythms of its energetic is applicable to bio-feed-
back-control of the life performance of an organism 
[6]. In both cases, the prerequisite for the effectiveness 
of bio-feedback and the desired therapeutic effect on 
the basis of bio-resonance is the synchronization of 
external physical effects with the hierarchy of certain 
energy rhythms. At the level of the organism, to en-
hance regenerative processes of biosynthesis, required 
should be synchronization of external influences with 
the rhythms of the blood filling in the tissue blood 
vessel within the area affected by pathology. However, 
the spectrum of the rhythms of blood microcircula-
tion in the pathology area, as Doppler flow metering 
shows, is always found to be disturbed. According to 
our research, it is possible to normalize the spectrum 
of the rhythms of blood microcirculation in the zone 
of pathology with the use of physiotherapy providing 
the rhythms of the central blood circulation accord-
ing to signals from pulse and respiration sensors of 
the patient.

The signals delivered by the pulse and respiration 
sensors of the patient are multi-frequency signals 
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modulated by all range of the pulse and respiration 
frequencies. In our studies, we have used a range of 
rhythms of tremor with a variation within the range 
from 7 to 13 Hz as the carrier frequency to produce 
physiotherapeutic effects. These rhythms of the os-
cillations of muscle fibers play the role of peripheral 
hearts, which are intentionally orchestrated in coin-
cidence with the spectrum of the rhythms of elonga-
tion (when amino acids are joining together in protein 
synthesis in the ribosome sites) and the Alpha rhythm 
of the brain. Those constant frequencies, which are 
widely used in conventional physiotherapy, are not 
in adequacy to the biological rhythms showing their 
varying periods. Synchronization and (or) modula-
tion of the physiotherapeutic impacts with the phases 
of inhalation and systole enhances regenerative pro-
cesses and restores the level and the spectrum of the 
rhythms of blood microcirculation in the zone affect-
ed by pathology. Synchronization with the phases of 
exhalation and diastole is suitable, when some tissue 
defects and tumors are removed with the use of sur-
gical lasers, electric coagulators and some other de-
structive actions. In this case, when in the affected 
area the volume of blood filling is reduced, heat ca-
pacity and thermal conductivity of the tissue decrease, 
the pre-determined density of power exposure is fall-
ing. At the same time, an area of necrosis and ther-
mal denaturation in the surrounding healthy tissue is 
minimized. 

 Laser equipment and some other types of physical 
therapy devices developed by us according to our 
specifications take into account the locations of the 
sensors with respect to the area to be treated by the 
therapy, the need to provide certain delays and rever-
sal of the signals delivered by the pulse sensor, when 
exerting an influence on the myocardium. Used is 
a biological timer to read the pulse beats instead of 
seconds for standardization and tissue memory for-
mation under various vegetative status conditions on 
different days of the treatment course. The ratio be-
tween the depths of modulation of the physiotherapy 
exposures according to pulse, respiration and tremor 
is selected, taking into account the nature of local pa-
thologies (hypoxia, arterial or venous hyperemia).

The devices and techniques developed for the 
bio-controlled chronophysiotherapy are capable of in-
creasing effectiveness of basic therapy, reducing treat-
ment times and providing its stability. In doing so, of-
fered is a systems treatment avoiding undesired side 

effects for unaffected organs in the organism. It results 
in expanding of the therapeutic range of intensity of 
physical actions. Normalized is the spectrum of the 
rhythms of blood microcirculation in the area affect-
ed by pathology, cell immunity and vegetative status. 
It makes possible to eliminate an imbalance between 
the arterial and venous segments in the capillary bed 
and to exclude tissue hypoxia. It is the bio-controlled 
chronophysiotherapy only that provides not only an 
increase in the blood supply level in the pathology site, 
but also a restoration of the spectrum of the rhythms 
of blood microcirculation, thereby eliminating energy 
discrimination for some cell populations with respect 
to the other and increasing the quality of regeneration 
and stability of the required therapeutic effect. The 
method of the bio-controlled chronophysiotherapy 
allows obtaining the guaranteed curing effect for all 
patients, since it does not result in disordering ho-
meostasis parameters, but it produces just a normal-
ization of them. An advantage of the bio-controlled 
chronophysiotherapy, as compared with the conven-
tional methods of laser, light, ultrasound and electro-
therapy, has been demonstrated by us in cooperation 
with leading experts from Moscow and Rostov-on-
Don (Russia) in different fields of medicine [3.6].

No effective medical drugs without side effects and 
addiction are known. The used physiotherapy meth-
ods cannot replace conventional medication therapy. 
At the same time, it should be mentioned that the 
existing physiotherapy techniques are not capable of 
taking into account fluctuations in sensitivity of the 
organs in an organism, which are associated with the 
phase of the circohoralian rhythms of the vegetative 
status in a patient, time of the day, moon phases and a 
season in the year. Devices applied for the convention-
al physiotherapy employ constant frequencies, which 
are not adequate to variable rhythms of the patient. 
Therefore, often we have to deal with some undesired 
side effects, and the therapeutic effect is sometimes of 
temporary character, since it is based on a placebo ef-
fect. Similar to the best medication, the conventional 
physiotherapy addresses rather symptoms, ignoring 
desynchronosis as the cause of the disease. Chrono-
diagnostics identifies a functional desynchronosis as 
predictors of early preclinical stage of a disease. This 
is important for the further successful development of 
preventive medicine. The bio-controlled chronophys-
iotherapy, normalizing the spectrum of the biological 
rhythms in the area affected by pathology, is targeted 
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not only at the removal of symptoms of the disease, but 
also desynchronoses themselves as the cause of these 
diseases. This should be considered as an important 
component of the future personalized medicine.
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Introduction
 In the past few decades there have been a number of 

discussions among physicists about the nature of time. 
T. Weissert suggested: "Perhaps we might consider 
abandoning time altogether and adopting some more 
complex conception that more accurately encompass-
es modern concepts" [1]. A. P. Levich thought that 
"in nonphysical sciences there is a growing necessity 
for clocks, not to be synchronized with some physical 
standards" [2]. M. Lachièze-Rey addressed scientists 
with an emotional plea: "Analyze the world with the 
well-defined notions of duration, causality, motion, 
evolution…but forget time!" [3]. Yet, according to R. 
M. Unger and L. Smolin, the opposite is true: while 

time is real, physicists have rejected its reality because 
they are confusing an ideal mathematical model with 
the complex observed world [4].  

 The purpose of the present article is to create a 
bridge between these different points of view by dis-
cussing some practical aspects of time measurements 
in laboratory environments and in daily life. 

Under controlled laboratory conditions time denotes 
duration. Each planned experiment has its specific 
starting point Ti, and when a short-term experiment 
runs continuously to its end, its duration Δτ can be 
measured by a single type of referent devices (sand, 
mechanical or atomic clocks). According to reduction-
ism approach, such duration became an over-simpli-
fied notion of the physical linear, one-dimensional and 
continuous time, associated with the real numbers. 

Outside of the laboratory environment, the picture 
is different. For example, let us consider a seemingly 
simple practical question: how often should we change 
the oil in our cars? Surprisingly, manufacturers can-
not specify the required interval as a single number 
or a date, expressed in time units. Instead they suggest 
keeping balance between age and mileage, changing 
the oil every 5,000 miles or every six months, which-
ever comes first. Notice that "mile" is not a unit of 
"time" at all and a calendar month's length is varying 
from month to month.  

A mechanical vehicle is a less complex system than 
a living organism or human society, yet to keep its 
maintenance schedule we need to associate "time" at 
least with two incommensurable and complementary 
aspects of the chronological history of a specific car.

Like vehicles, all natural systems are hierarchic. As 
a result, in the life-sciences and humanities measure-
ments usually have multiple levels, which include 
nominal, ordinal, interval, and ratio scales. Life in its 
totality might be treated as a juxtaposition of various 
processes described by their specific temporal in-
crements. To study them it is proposed to introduce 
"Time-codons" (TC) – an elaborated notion of the 
Generalized Time (GT) [5, 6].  In short, TC is a set 
of alphanumeric strings specifying the types and se-
quences of processes or their phases taking place in a 
certain space-time domain.                                                            

Regarding laboratory experiments, such TC may be 
reduced to scalars, such as Δτ. Depending on the com-
plexity of systems in the life-sciences and the number 
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of their hierarchic levels, TC might be vectors, tensors 
or operators. As a measure of time Ti (such as a calen-
dar date 10.00 a.m. 9 September 2017) these TC can-
not be reduced to real numbers..

I further suggest that to become an effective tool for 
the studies in the life-sciences and humanities, such 
GT and TC should not remain abstract concepts, but 
must reflect natural laws of the existing space-time 
processes. The Phoenix Clock [7] shows that when 
a set of the reference clocks is chosen correctly, TC 
model enables us to locate events in a comprehensive 
meaningful space-time framework and to discover 
hidden order in seemingly incommensurable percep-
tual data.

Materials and methods
Controlled laboratory experiments

In physics the laboratory environment is idealized 
as an isolated system. Each controlled experiment 
explores the regularities in a limited small subsystem 
of the larger universe during short and presumably 
stable periods of its history.  In a laboratory we as-
sume our ability to choose the initial and boundary 
conditions, the variables and their possible intercon-
nections. We also assume that we can replicate the 
experiment any number of times observing the same 
regularities, which we call the fixed laws of nature. In 
this view the experiment becomes a kind of timeless 
event, which can be conducted with the same results 
at any initial timing τi = 0, regardless of the historical 
starting time Ti.

Performing laboratory experiments in the isolated 
and unchanging domain of space-time presumes the 
existence there of the objects with unchanging prop-
erties and the processes controlled by fixed laws. In 
the laboratory there are no more doubts or initiatives, 
values or meanings; nothing matters any more, and 
only happenings are observed. Everything is predeter-
mined by a single changing parameter t and there is 
no place left to any acts of free will. This single algo-
rithm becomes a kind of all-mighty Lord of this do-
main, and that kind of lordship is defined sometimes 
from the reductionism point of view as THE TIME. 
It is that merciless kind of time, which is referred to 
in Shakespeare's Sonnet 19:  "Devouring Time, blunt 
thou the lion's paws."

From the wider hierarchic approach, a laboratory 
domain forms a sort of sub-universe with the stipulat-
ed initial conditions. Duration Dt of any experiment 

is conditioned by the limits of such domain, and those 
boundary limits, in their turn, should be consistent 
with the time algorithms governing the laws outside 
the laboratory "bubble." In other words,  , which is 
considered to become a zero-point of duration Dt in 
the laboratory world, should be consistent with the 
timeline constrains outside this bubble, allowing initi-
ation of the controlled experiment at the given instant 
of the universal or cosmic time. 

In the classical physics it is assumed that the outside 
conditions remain stable during the experiment or 
that their changes are extremely slow and therefore 
negligible. It presents the starting points of the labora-
tory experiments as unaffected by the human history. 
While such an approach might be (to a certain extent) 
legitimately applied to the controlled laboratory envi-
ronment, it misleads us when we apply it to complex 
living systems with their inborn intrinsic dynamics 
and their unpredictable multiple relations to the rest 
of the world. Recently strong indications were found 
that outside the laboratories the larger timescales are 
of significant importance and that the assumption of 
immutability must be subjected to thorough empiri-
cal investigation [8]. To quote R. M. Unger, new dis-
coveries lead us to an unavoidable assumption that 
we should "recognize the historical character of the 
world" [4].  

The experimental science has in its basis the human 
factor. On one hand, the success of each experiment is 
conditioned by the skills of the experimenter, by the 
serviceability of equipment and by multiple unpre-
dictable external circumstances. On the other hand, 
each laboratory experiment implies a vast number of 
coordinated historical preconditions, and its success 
is conditioned by the current scientific presumptions, 
technologies and organization facilities. In reality, the 
sciences, like the humanities, are connected with the 
Zeitgeist. Consequently, while reductionism associ-
ates duration in a laboratory experiment with a single 
parameter, time in the life sciences should be associ-
ated with the confluence of multiple parameters. The 
following section discusses an example of the hierar-
chic time modeling the multivariable processes.

Results & Discussion
An example of the vehicle-driver complex system

Measured by odometer and by calendar respectively, 
mileage and age are two different indicators of vehi-
cle's age.  On one hand, a car deteriorates even if it is 
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stored in a garage. This intrinsic property of "ageing" 
might be associated with Prigogine's "age-time", and 
it depends on the date of car's production, parallel in 
humans to their birth time or Theta-factor ]5]. On the 
other hand, when a car is driven, its mechanical parts 
wear out faster, and its deterioration rate is caused pri-
marily by the mileage. While a car ages in relation to a 
calendar time, it is driven in relation to the timescales 
and/or free will of its owner. As far as the intercon-
nections between these factors are not known or neg-
ligible, there exists no algorithm for how to pass from 
"years of life" to "mileage life," and both measurements 
are essential for a proper maintenance.

 In reality, age and mileage are not sufficient factors 
for the maintenance routine. The time interval might 
be changed drastically due to different operating con-
ditions, such as climate changes or quality of roads. 
In fact, the age/mileage recommendations are "a rule 
of thumb" for the ideal operating conditions, and it is 
driver's duty to check the objective state of oil when-
ever it is demanded by the concrete circumstances.

To evaluate how much useful life a car has we need to 
combine the age and mileage factors into a single codi-
fication, known in mathematics as the fitness function. 
For example, it might be done by counting the number 
of oil changes. This new "all-inclusive time" replaces 
the age/mileage pair and comes in discrete clocked in-
stants 1, 2, etc., implying that the higher the number of 
counts, the older the car is. From the hierarchic point 
of view, it is an emergent property which belongs to 
a higher-level of the "car-driver" system. Each new 
count of such a discrete time is marked by interrupting 
the previous continuous "flow of time" by setting zero 
reference points for both low-order clocks. 

Regardless of the previous history, each following 
cycle repeats the same rules and age/ mileage logic. 
Nevertheless, this process is hardly can be seen as a 
purely cyclic one, because the initial conditions of 
the system will be different at the beginning of each 
new cycle. They will be shifted in relation to at least 
one of the lower-level timescales by a certain "leap in 
time," formed due to nullifying the residual value on 
that scale, where the threshold was not reached at the 
moment of the oil change. The history or the "Time" 
of the higher-level scale will treat the processes of the 
lower-level scales as dimensionless events and as a re-
sult will erase their particular histories.

Although a car-driver system is a complicated mix 
of spontaneous historical (ageing) and volition-con-

trolled (mileage) processes, we might optimize its age 
evaluation by adopting a three-step procedure. First, 
we define which processes are of crucial importance 
in relation to the car’s wear and tear and introduce 
proper measuring devices ("clocks") for each of them. 
When they supply necessary and sufficient informa-
tion about the system dynamics, they become our 
time-codons.  Second, we compare the current data 
of the TC with their maximal magnitudes specified by 
the manufacturer. Once any of the measured values 
reaches threshold, the oil is changed. Afterwards fol-
lows the third step when the count of oil-changes is 
increased by one, and all the other clocks readings are 
readjusted to their zero points. 

 Being an emergent property, change-oil count can-
not disclose either age or mileage of the vehicle, yet 
it does indicate the overall wear of the car. Although 
we know that this new "all inclusive time," obtained 
by counting of the oil-changes, does not flow contin-
uously, it is represented by integers making an illusion 
of the unbroken time-flow continuum.

The Phoenix Clock
We next come up to the scale of generational traits 

and consider which sets of referent clocks can be help-
ful for the historical processes in the humanities. First, 
as it was pointed by the esteemed physicist A Fried-
mann, such clocks should, at least in principle, exist 
in nature [9]. They also should be unchangeable and 
observable over a suitably large scale. Second, they 
should reflect a whimsical and seemingly lawless his-
torical landscape. On one hand, they should stay in 
sync with the long-term cycles, corresponding to the 
periodic emergence of new paradigms in the history 
of sciences, arts and social orders; on the other hand, 
they should reflect the empiric observance that cul-
tural development is irregular and the rate of birth of 
creative individuals has its peaks of acceleration fol-
lowed by long years of intermissions [10]. 

To interpret the distant times, contemporary chronol-
ogy heavily relies on astronomical models of eclipses 
and on Metonic cycle – a period of about 19 years, after 
which the lunar phases (defined by the angle between 
Sun and Moon) recur in the same order. This cycle has 
been used for constructing an accurate solar-lunar cal-
endar, reflecting seasonal changes. Yet in respect to the 
slow rate of evolution in the noosphere, this cycle is too 
short. In addition, it does not reflect the peculiar dy-
namics of the high and low tides of cultural evolution.
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The prominent medieval philosopher, astronomer 
and poet Abraham Ibn Ezra broadened this approach 
by constructing calendars based on conjunctions be-
tween various celestial bodies [11].  He argued that 
in case of slow planets with the "noble ratio" between 
them, such calendars will result in a comprehensive 
picture of the human history.

In the Phoenix Clock model, Pluto's and Neptune's 
relative movements were chosen to provide a basis for 
a cosmic clock, which belongs to the family of celestial 
clocks constituted by a web of relations among all the 
celestial bodies. The uniqueness of this resonance sys-
tem consists in the fact that for every two orbits around 
the Sun completed by Pluto, Neptune completes three 
orbits. As a result the visible angle (the aspect) between 
these two planets, as it is observed from the Earth, is 
nullified periodically, once in about 493 solar-lunar 
calendar years. I called this period between two conse-
quent "planetary eclipses" the Phoenix Year. 

During the recorded history of the humankind there 
were 12 Phoenix Years. What is striking that the be-
ginning of each of them was heralded by the birth of 
new paradigms [7]. More precisely, each time when 
the angle between Neptune and Pluto stayed within 
10º– the so-called "the Phoenix Hour " – people on 
Earth experienced a cultural crisis. Numbering of 
these pivotal periods (each of them lasts in our epoch 
about 15 years) creates an illusion of the continuous 
linear flow of the evolutionary time.  Nevertheless, 

this is not the whole story, because, like in the case 
of the oil-changes, the Phoenix Year is not an identi-
cally recurring cycle. Each individual Phoenix Year is 
distinguished from the others by its initial conditions 
and by its intrinsic structure in relation to the sun-lu-
nar dating. Let us discuss them in turn.

The current mega-cycle of Neptune-Pluto started 
with the first Phoenix Hour in Aries about 3500 BC. 
Next time both planets conjoined in the same sign, 
but their meeting point was shifted approximately 
5-6º further on. They proceeded the same manner un-
til about 1071 BC. For the following 2500 years their 
series of conjunctions moved to the next sign. After 
roughly 29600 years they will conjoin again in Aries, 
but their meeting point will be shifted in relation to 
the previous mega-cycle. 

Speaking of an intrinsic structure, like in Metonic 
cycle, we may divide the Phoenix Year into eight sub-
sequent phases, from zero (the eclipse) to VII, by mea-
suring visible angles between Neptune and Pluto.  Fig. 1 
illustrates these phases for the last Phoenix Year, which 
occurred between 1398-1891 years AD. The continu-
ous and dotted lines represent respectively Neptune's 
and Pluto's observed angles in respect to their meeting 
point on the ecliptic during the eclipse. The discrete 
points on the graph show the observed angle between 
Neptune and Pluto. Due to Pluto's elliptic orbit, this 
angle, which can be regarded as an emergent property 
of this system, is changing irregularly.

Fig. 1. The  Structure of the Phoenix Year
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From the historical point of view, it is shown that at 
different phases of the Phoenix Year human cultures 
develop in radically different ways. These differences 
are not arbitrary, but rather governed by certain regu-
larities [5, 6, 7].  

  Significantly, such a division of the Phoenix Year 
into eight uneven phases dependent on the initial con-
ditions is consistent with a fundamental idea of com-
plexity theory stating that the interaction over time of 
even very simple phenomena can result in complex 
consequences. Similar patterns for emergent phe-
nomena were, for example, described in genetics by S. 
Kauffman in his theory of self-organization [12].

Time-Codons
The first step in discussing the differences between 

duration and time must be a clear definition of both 
of them; otherwise we may be discouraged from any 
time measurements by the philosopher T. Hobbes, 
who has acknowledged that "time has always been 
whatever anyone has wanted it to be." 

In the life-sciences different processes constituting 
life may belong to different hierarchic levels and be 
described by their specific and larger time scales char-
acterized by different metrics. Consequently, each 
event might be seen as the sum total of its relations to 
other events or processes and it should be treated as a 
part of its broader universe, all of the parts of which 
(independently of their  spontaneous or volition char-
acter) are in co-evolution and causal communion with 
each other.  

Qualitatively, "generalized time" (GT) is a manner of 
marking the events or processes and a way of arrang-
ing, ordering or coordinating them.

Quantitatively, the GT of a complex system can be 
presented by time-codons (TC): that is by alphanu-
merical strings of measured, calculated, evaluated 
or even ad hoc assessed relations between different 
sub-processes.

In practice TC are measured by counting temporal 
marks related to the events or sub-processes of the 
complex system under study and/or by introducing 
fitness functions as the measurable distances (met-
rics) between them. Such TC might supply a set of 
necessary and sufficient algorithms describing how a 
restricted domain of nature under study is organized.

While duration in a laboratory experiment is usually 
a one-dimensional parameter, TC might be an n-di-
mensional construction, where n is a necessary and 

sufficient number of sub-processes, chosen to charac-
terize the dynamics of a studied complex system.

In the real world there are multiple constrictions 
necessary to guarantee a possibility of co-evolution of 
different sub-processes and the laws governing them. 
Depending on the complexity of the subsystems in 
question and the number of their hierarchical levels,  
the adequate set of referent clocks might not be seen 
as absolutely independent sub-processes, but as a part 
of the specific, albeit sometimes fairly loose, relational 
grid. Previously, I argued that the view of the united 
world demands from GT to behave as the algorithm 
of algorithms, or a mega-algorithm [5]. This approach 
echoes R. M. Unger's philosophical definition of the 
real time as the transformation of transformations [4].

To sum up, TC, structured on the basis of the grow-
ing demand of coordination between diverse process-
es with different rhythmicities, provides a new per-
spective of time complexity. I hope that the proposed 
set of definitions will help us to harmonize sciences 
with humanities and to apply scientific approach to 
everyday life.

Conclusions
Complexity of the real phenomena demands de-

veloping broader models and definitions of time 
instead of the linear timeline assumed by radical re-
ductionism. The core idea of the present work is that, 
although the time, as a governing algorithm behind 
complex processes, is real, its measurements cannot 
be expressed in real numbers only.

Time in physical laws is a mathematical abstraction, 
which cannot be measured, because it is assumed ad 
hoc to be a parameter. In contrast to this, GT denoted 
by TC is a set of measurable quantities. 

According to the axioms of metrology, all measure-
ments are approximate and incomplete [13]. Conse-
quently, as long as our world with its noosphere stays 
creative, ever-changing and emerging complex sys-
tem, GT will remain an approximate and incomplete 
description of the reality. Yet with the right measure of 
reductionism and an optimal set of the finite number 
of referent clocks, we may use TC to serve as an ef-
fective indicator of the dynamics in complex systems.

The new approach to time definition and measure-
ments is able to take us into subjects usually thought 
to be outside the realm of science. The results strongly 
imply that even though we cannot predict the details, 
we might discover the existence of the general laws 
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that govern the overall features of the complex high-
er-level organized systems, such as human culture and 
social order.
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Abstract
Subjects of our experimental studies were neurons in the snail 

Helix Pomatia, from which continuous intracellular recordings 

according to our specific microelectrode recording technique 

were produced.

We have carried out original investigations of the processes of 

control and regulation of endogenous biological rhythms of 

neurons, observing them both under their background activity 

(free of stimulation) and under the action of the exogenous 

factors within a chronic experiment, which involved continu-

ous recordings of activity from the neurons that covered pe-

riods from 50 to 60 hours, with an incubated ganglion cell 

life span up to four 24-hour days. In the neurophysiological 

experimental studies with recordings of intracellular activity of 

the identified CNS neurons in the Roman snail Helix Pomatia, 

we conducted a research into identification of a contribution of 

potential-dependent ion (K+, Ca2+, Na+) channels to formation 

of pacemaking oscillatory activity of the neurons and an inter-

play of the AP generation loci unequally or irregularly spaced. 

It has been shown that it is possible to activate at the same 

time 2–3 individual loci of generation of the Na+ spikes, differ-

ing in their amplitudes, which appear at different segments of 

the axo-dendritic axis of the neurons in the snail Helix Pomatia. 

We undertook an ultra-structural morphological examination 

of the states of the axotomized neurons in the snail Helix Po-

matia, followed by an analysis of the neuro-glial relations at the 

microelectrode recording locus. Specificity of responses of the 

axotomized neurons to exposures to blue, red and white light 

have been discovered and analyzed by us.

Aim
Our experiments with long-term intracellular recordings from 

the neurons in snail Helix Pomatia were aimed at an identification 

of specific features of the action of endogenous electrotonic 

influences and exogenous factors on biological rhythms of a 

neuron.

The main goals of our experimental studies were 
as follows:
1. Neuromorphological examinations of the state of the 

neurons in the snail Helix Pomatia during long-term intracellular 

recordings of the background biological rhythms versus those 

upon light exposure & broad-band electromagnetic stimulation.

2. Intracellular recording data analysis of the background 

pacemaker genome-regulated biological rhythms of the neurons 

in the snail Helix Pomatia under the conditions of the normal 

activity versus epyleptiform activity in case of channelopathies.

3. Intracellular recording data studies of induced biological 

rhythms of the neurons in the snail Helix Pomatia upon light 

stimulation and upon the action of electromagnetic radiation 

produced by device EZh-2.

Keywords
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ses, Potential-dependent ion channels, Control and regulation of 

functional state, Electromagnetic radiation
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Introduction
A research into the mechanisms responsible for 

the endogenous pacemaker rhythm genesis and the 
generators of slow bio-potentials of the neurons and 
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neuronal ensembles, which play a key role in the 
control and regulation of the functional state of the 
brain, is certainly an extremely relevant challenge in 
the present-day neurobiological science. Therefore, it 
is expedient to formulate and schedule the complex 
multi-disciplinary biophysical, neurochemical, elec-
trophysiological, ultra-structural, neuro-morphorog-
ical and behavioral investigations in order to take into 
account the characteristic properties of the phyloge-
netic development of the nervous system, beginning 
with the onset of a single nervous cell through cell 
clustering up to the CNS formation.

According to current data presented by the relevant 
reference literature, the mechanisms of internal plas-
ticity of neurons [1] and the control & regulation of 
their biological rhythms involve a multitude of the 
potential-dependent channels (PDC). A detailed de-
scription of the structure and the functions of these 
pacemaker PDCs is given in a number of the compre-
hensive and extensive reviews [2–3], containing in its 
turn hundreds of further references to experimental 
reports with analyses of specific features of activation 
of these channels under conditions both of the back-
ground and stimulation-induced oscillatory activity 
of the neurons.

An improper functioning of the above channels, i.e. 
channelopathies, may lead to development of various 
diseases of the nervous system, as well as to develop-
ment of epileptiform activity, which is characterized 
by an elevated level of neuron excitability [4–8]. A key 
role in the maintenance of a balance of excitation and 
inhibition is played by the GABAergic system in the 
brain, which possesses an extremely complicated ar-
chitectural organization and properties of a great va-
riety of GABA receptors that remains to a great extent 
unexplored.

Actually, an adaptation activation of PDC, as well as 
genetically controlled operation of ion pumps cause 
endogenous bio-electrical potentials, which are in fact 
responsible for the control & regulation of the rhythm 
genesis parameters and control of the functional state 
of the brain under the conditions of the normal and 
pathological activity in case of various channelopathy 
types.

Plasticity of the brain that is a prerequisite for cogni-
tive activity both in humans and animals, and it is de-
termined by the functional state of the brain, the most 
informative marker of which is its rhythm genesis.

The plasticity processes take place in the most op-
timal way, when a certain specified level of the brain 
activity is available, i.e. under the conditions, when a 
membrane potential (MP) of the neurons becomes 
less negative as compared with its resting potential. It 
is precisely the potential of the plasma membrane in a 
neuron that acts as the key factor in the control & reg-
ulation of the endogenous pacemaker PDCs, which 
are governing contributors in the formation of an ac-
tion potential (AP) in excitable cells. In this case, a rise 
in excitability of the pacemaker neurons is attributed 
to a greater extent rather to the process of endo-neu-
ronal excitation than by the process of the rhythmic 
synaptic interneuronal activation [9].

In addition to the well-known way of the cell-to-
cell communication through chemical synapses (CS), 
there is also a significant and powerful system of a 
bio-electrical interacting communication available re-
alized due to changes in a resting potential of the plas-
ma membranes, which are initiated by activity of the 
ion channels, pumps and electrical synapses (ES). Ac-
tivation of the potential-dependent Na+, K+, Ca2+ and 
Cl- channels in the cell membranes plays a crucial role 
in the conversion of the long-term shifts in the cell 
MPs, determined by activation of the metabotropic 
receptors, into the rhythmic activity patterns of CNS 
directed to formation of a certain functional state by 
the latter.

Materials and methods
Methodology & techniques used in exper-
imental studies of biological rhythms of 
neurons in mollusks

The main objects of our experimental studies, in-
volved intracellular activity recordings, were identi-
fied neurons of the subesophageal ganglion in the Ro-
man snail Helix Pomatia. The animals were collected 
in summer and autumn period in the Rostov Region, 
Russia, and met the requirements for a close pheno-
type: they had similarity in sizes and age. The selected 
snails were kept at a room temperature in a terrarium 
designed and maintained by the Lab for Experimen-
tal Neurobiology. Feeding and cleaning therein was 
provided in accordance with all applicable rules and 
regulations. 

In order to record intracellular potentials, used were 
identified neurons of the left parietal ganglion of the 
subesophageal complex of the isolated CNS in the 
Roman snail, placed in the physiological saline solu-
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tion. The snail test samples were prepared according 
to an original technique developed by V.I. Orlov [10]. 
According to the technique, prior to the CNS sample 
preparation, a snail was kept in a refrigerator for a pe-
riod of time from 20 minutes to 1 hour in order to 
reduce secretion mucus, produced by the body sur-
face of the snail, and achieve general anesthesia and 
immobilization. 

Thereupon the snail body was properly pinned on 
a paraffin block as follows: one pin was utilized to fix 
the back portion of the foot, and the head piece of the 
body was secured by two other pins on each side; the 
shell was drawn aside into the caudal direction. The 
skin and sheath layers located under the skin were cut 
along the centerline in the projection of the location of 
the circumaesophageal ganglion. The cut edges were 
fixed by the pins on the paraffin block of a dissection 
bath, with widening the obtained opening. The circu-
maesophageal nerve complex was extracted through 
the produced cut opening; thereupon it was placed 
into experimental test chamber and secured therein 
by clamps. Upon securing of the isolated CNS in the 
chamber, removed was the sheath from the dorsal sur-
face of the parietal ganglia, and an accurate dissection 
of the arachnoid sheath was carried out with ophthal-
mology surgical tools produced by CILITA: scissors 
V-209-23 with a curvature radius of 12 mm and a vit-
reoretinal tweezer of type V-325-23.

Since the recording procedure took many hours, it 
was necessary to decide upon the optimal composi-
tion of the physiological saline solution used for the 
long-term maintenance of life of the nerve cells of the 
object under studies. The preservation of biological 
life of the isolated CNS cells was provided with the use 
of a Ringer's solution for cold-blooded animals, the 
chemical composition of which was improved by V. I. 
Orlov, Senior Researcher of the above Lab, with due 
consideration of the specific internal medium compo-
sition of the Roman snail. 

Flow rates of the physiological solution were kept 
constant and read employing some special equip-
ment. The ionic composition of the utilized washing 
solution is given in Table 1 herein. The pH data were 
monitored with the aid of a multi-purpose ion meter 
of type EV-74 and strictly kept at a level of 7.3. Upon 
preparation of the solutions, they were sterilized, 
cooled and, if required, kept in a refrigerator.

For the purpose of our experimental studies, it was 
required that the experimental chamber used by us was 

Table 1. Ionic composition of used physiological solution

Components Molar concentration, mM/l
NaCl 50
KCl 2

CaCl2 2
MgCl2 1,5

Тris – OH under 10 (pH = 7,3)
C6H12O6 0,7

H2O under 1,0 liter

capable both of recording oscillatory activities of the 
nervous cells and maintaining the life performance of 
the isolated CNS for the entire period of making such 
experiments. In our research work, we employed our 
own experimental chambers designed by V.I.Orlov. 
The chambers were made of diamagnetic, non-toxic 
materials, which were completely inert towards con-
tacts with CNS and the physiological solutions used 
therein. To supply the washing physiological solu-
tion into the chamber, provided was a fluoroplastic 
tube located in the middle space in the chamber: in 
terms of physiology, the supplying tube functioned as 
the “pharynx”: in our case, the CNS ganglia were ar-
ranged circumferentially about the tube and enclosed 
the latter. The chamber design provided for a duct uti-
lized to connect an indifferent electrode. There was 
also a system of active removal of waste physiological 
solution in the experimental chamber available.

The intracellular studies were carried out with the 
use of glass microelectrodes having a tip diameter less 
than 0.05 mcm. In the experimental studies we applied 
our own microelectrodes, designed and manufac-
tured by us for our purposes, made from borosilicate 
pre-products, using vertical puller PC-10 (Narishige, 
Japan). The ready-finished microelectrodes were filled 
with a two-molar potassium chloride solution.

Our electrophysiological system consisted of analog 
source pre-repeaters, with an input resistance of 10 GΩ 
and input currents under 1 fA (10–15 A), comprised 
main operational amplifiers and analog-to-digital 
converters with digitalized signals at its output, which 
was delivered to a PC, as well as feeding adapters of 
input devices, bridge circuits to switch on intracellu-
lar polarization through the microelectrode, stimu-
lators and some other components. Curve profiles of 
recorded bio-potentials were visually assessed on the 
display screen, and they were uninterruptedly stored 
in PC ROM as the 60-second fragments. The amplifi-
cation equipment, electrical signal processing systems 
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and all applicable software intended for continuous 
recording of neuron bio-potentials within a long-
term period, covering several days, were designed and 
manufactured by the Lab staff. A calibrator signal was 
delivered sequentially in the circuitry, incorporating 
a bridge circuit and a reference electrode connected 
with a test object under studies in the chamber. As the 
need arose, the same circuitry was supplied with con-
stant voltage to compensate the ME’s own potential.

In our experimental studies with electromagnetic 
radiation sources in the optical region, we exploited 
the following light-emitting diodes: a single semicon-
ducting indicator of type KIPD42S40-S2-P2 with a 
diameter of 3 mm, having the following performance 
data: direct voltage Uf – 3,5 V; color and wavelength λ 
440–460 nm (blue color); luminous intensity Iv = 3000 
mcd; emission angle 2Θ1/2 degree, at least 40; laser 
diode of 10 mWt, HLDH-650-A-10-01; color and 
wavelength λ – 650 nm (red color); If = 26 mА; beam 
divergence – 9/28.

We should focus our attention on the fact that EMR 
of the optical region was applied to the neurons of the 
isolated central nervous system in the Roman snail. 
The peripheral optical sensor systems of the animal, 
along with the living sustaining systems and visceral 
organs, were removed prior to experimentation.

Other EMI types were produced by our device ENER-
GIA ZHIZNI 2 (EZh-2, “Energy of Life”) under its var-
ious standard operating conditions. It should be men-
tioned that in all sets of our experiments we applied 
the same regimes, spacing and positions of the EMR 
source integrated into the EZh-2 device. An integral 
radiation power of the above device reached 0,1 µW.

Prior to insertion of the microelectrode into a tested 
object, calibration and compensation of the ME’s own 
potential upon immersion of its tip in the physiolog-
ical solution were completed. Location of the neuron 
under studies and an accuracy of positioning of the 
inserted microelectrode were judged by an interrupt-
ed observation with the aid of binocular microscope 
MBS-2. To provide an easy disintegration of the mem-
brane of a neuron by the microelectrode, it was suffi-
cient to desheath the ganglion and open an access to 
the identified neuron. In the majority of cases, the sort 
of superfine microelectrodes used by us was capable to 
easily pierce the neuron membrane, so that there was 
no need to use additional facilities. To obtain more 
precision in positioning of the microelectrode target-
ed at the neuron, the washing solution in the record-

ing chamber, used to preserve the isolated CNS neu-
ron, was reduced up to its minimum level in order to 
exclude a beam refraction error. The microelectrode 
was fed with the aid of a macro-delivery screw of the 
manipulator. Moving closer to the neuron, disinte-
grating of the cell membrane and introducing of the 
microelectrode into the neuron were provided with a 
micro-delivery screw. Upon completion of the micro-
electrode introduction into the neuron soma, a certain 
time period was kept required to restore the stable 
background activity of the neuron after its preparing.

Morphological methods of investigation
6 Roman snails served as objects for preparing eligible 

specimens for the purpose of ultra-structural examina-
tion. As a result of preparing, the left parietal ganglion 
of the subesophageal complex in the snail Helix Poma-
tia has been isolated. The separated portions were pri-
marily fixed by glutaraldehyde. After phosphate buffer 
rinsing (at least for 15 minutes), the section fragments 
were extra post-fixed in a 1% OsO4 solution with the 
phosphate buffer for 1,5 hours. Thereupon all speci-
mens were dewatered by alcohol with an increased 
concentration gradient, treated with acetone and em-
bedded in the Epon-812 epoxy resin.

Ultra-thin sections having thickness of 70 nm were 
prepared by us with the use of microtome Ultracut-E 
(Leica, Germany) and trimmed with a diamond knife 
produced by Diamond (Swiss); the sections were stained 
with uranyl acetate and lead citrate according to the 
standard contrasting technique, and upon staining, they 
were examined with transmission electron microscope 
EM-208 (Philips, Netherlands), equipped with a photo-
graphic system and AnalySis (Netherlands) to process 
images.

In addition to the standard sections, prepared were 
also complete sets of some specific sections which 
made it possible to view through the microscope some 
features of spatial arrangement and structure of gap 
junctions. Owing to a new technique of production of 
the complete sets of the sections best suited to the mi-
croscopic studies, developed and refined by our Lab, 
we were capable of investigating the gap junctions in 
the sets, each of which comprising 7–20 sections.

To conduct a morphometric analysis of the ul-
tra-structural patterns of the electrical and chemical 
synapses with the aid of digital imaging camera Er-
langshen ES500W (Gatan, USA-Canada), inputs and 
analyses of the produced images were undertaken 
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in .tif-formats best suited to identification and mea-
suring of the ultra-structural patterns of synapses. 
The obtained image data taken at a magnification of 
80 000 were collected and managed.  

Results of the above investigations were obtained in 
absolute units of measures: in microns and nanometers.

In order to measure some individual structural patterns, 
we used Licensed Softwares Qwin (Leica, Cambridge, 
Great Britain) and Application Suite (Leica, Swiss).

Results and Discussion
Ultra-structural examination of axotomized 
neurons in the snail Helix Pomatia

An ultra-structural examination of the specimen of 
the left parietal ganglion of the subesophageal com-
plex in the snail Helix Pomatia has been conducted by 
us. The ultra-thin sections of the left parietal gangli-
on were prepared in accordance with the above men-
tioned technique. During the separation, the neurons 
under studies were subjected to axotomy.

A comparative analysis of ultra-structural features of 
the structural patterns of the neurons was completed, 
which were identified first immediately upon their 
separation (the reference), second upon their 24-hour 
residence in the washing solution and third upon their 
48-hour residence therein, under the standard exper-
iment conditions, applying the intracellular recording 
technique to measure electrical activity of the neurons 
in the snail Helix Pomatia.

It has been found that the soma of the axotomized 
neurons in the Helix Pomatia snail sections has its 
unchanged drop-shaped profile, with a clearly visible 
configuration of bilipide membranes, as well as intact 
caryolemma, caryoplasma, nucleoli and cell organ-
elles. In the region, where, as a rule, recording micro-
electrodes are inserted, the neurons are well separated 
by the glial cells, which also include the Schwann cells 
(see Figures 1, 2 and 3 herein). 

Our ultra-structural morphological examination of 
the state of the axotomized neurons and the CNS glia 
in the snail Helix Pomatia, undertaken in the area of 
insertion of the recording electrode, has not detect-
ed any ultra-structural pathology within two or three 
24-hour-days of the permanent residence of the gan-
glion in the sterile washing solution.

The preserved normal architecture of the soma re-
veals itself in a capability of the latter to respond to 
a variety of exposures and influences, including light 
exposures.

Figure 1 Ultrastructural pattern image of the reference neuron 

in the snail Helix Pomatia. Magnification x10000. Legend: G – 

Glial sheath, including the Schwann cells. C Cytoplasm of the 

neuron. N – Nucleus of the neuron.

Figure 2. Ultrastructural pattern image of the neurons scanned 

upon expiration of 24 hours from the time of activity recording. 

Magnification x10000. Legend: G – Glial sheath, which includes 

the Schwann cells. Mbn – Membrane of the neuron, indicated by 

arrow. C – Cytoplasm of the neuron. N – Nucleus of the neuron.

Role of pacemaker channels in control & 
regulation of the background rhythm genesis 
in neurons in mollusks

A research into the mechanisms responsible for 
the endogenous pacemaker genesis of rhythms and 
the generators of slow bio-potentials of the neurons 
and neuronal ensembles, which play a key role in the 
control of the functional state of the brain, becomes 
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Figure 3. Ultrastructural pattern image of the Helix Pomatia 

neurons scanned upon expiration of 48 hours from the time 

of activity recording. Magnification x10000. Legend: G – Glial 

sheath, which includes the Schwann cells. C – Cytoplasm of the 

neuron. N – Nucleus of the neuron.

certainly an extremely relevant challenge in the pres-
ent-day neurobiology. Neurons in mollusks, in par-
ticular, in the Roman snail Helix Pomatia, which find 
often use in studies on the membranotropic actions of 
different mediators and neuromodulators, are consid-
ered to be classical objects for the intracellular recor-
dings and investigations of pacemaker potentials.

Following this classical way, we arrived at the idea 
to involve the said objects in comparison studies of 
special features of the intracellular organization of the 
pacemaker activity patterns of the neurons in the Ro-
man snail versus the focal pacemaker activity proper-
ties of the somatic cortex in rats. The special features 

of the intracellular organization of the pacemaker 
activity provided by the neurons in the Roman snail 
under the conditions of epileptogenesis are found to 
have an obvious similarity to the intracellular pulse 
activity of the nerve cells of the somatic cortex in rats, 
observed in the same state.

In our neurophysiological experiments aimed at 
recordings of intracellular activity of the identified 
neurons of CNS in mollusks, namely, in the Roman 
snail Helix Pomatia, the great pond snail Lymnaea 
stagnalis and the great ramshorn snail Planorbarius 
corneus, we performed research to determine the role 
of different pharmacological agents in formation of 
the pacemaker oscillatory activity of the neurons and 
an interaction of the AP generation loci unequally or 
irregularly spaced. A more detailed description of the 
results obtained in the research is given in [11–14].

Figure 4 herein depicts some results achieved in one 
of our experiments, in which we recorded regular, 
low-amplitude pulses, while in membrane depolari-
zation, caused by natural endogenous polarization, 
during the rising phase of depolarization waves, addi-
tionally observed were high-amplitude pulses, bearing 
apparent evidence of pacemaker nature. As it is demon-
strated in Figure 4.A, the high-amplitude spikes devel-
op in the rising phase of the depolarization waves only, 
and the firing of this sort of spikes ceases in the falling 
phase of depolarization even in such cases, when the 
wave of residual hyperpolarization does not reach the 
initial level of the potential corresponding to the time 
of the appearance of the high-amplitude spikes.

If a train of sequential endogenous waves of depola-
rization was observed (see Figure 4.B herein), that had 
no influence in any way on the character of the se-

Figure 4. Dependence of the appearance of highamplitude spikes of pacemaker discharges on the level of membrane 

depolarization of the neuron. Legend: A – At single endogenous depolarization wave. B – At a train of consecutive endogenous 

depolarization waves.
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А)

В)

Figure 5. Organization of spike activity of neurons with several loci of spike initiation. Legend: A – Lowamplitude dendritic 

potentials generated after the highamplitude APs. B – Lowamplitude discharges being ahead of development of the high

amplitude pacemaker AP.

quential pattern of the low-amplitude discharges, but 
the number of the high-amplitude pulses depended 
directly on the duration of the rising phase, and their 
rate was dependent on the level of depolarization. An 
illustrative example thereof is given by Figure 4.B: you 
can see therein two sequential depolarization waves, 
which generate the high-amplitude pulses, and, in do-
ing so, despite the fact that the MP level between them 
does not revert to the initial one, no high-amplitude 
pulses in the falling phase of the wave are available.

It may be suggested that the natural level of MP in 
resting state is not sufficient to activate the Na+ PDC, 
and, as a consequence, detected are low-amplitude 
potassium- and calcium-related pulses, the A-pulses 
of dendritic origin. In depolarization, a change in MP 
of the cell body provides for a level sufficient to in-
volve in formation of pulse activity the Na+ channels, 
too, which participate in formation of the high-ampli-
tude spikes in question. And in contrast thereto, hy-
perpolarization of the membrane causes inhibition of 
the pulse firing activity of the neurons.

We think that the appearance of the high-amplitude 
APs should be attributed to involvement of the Na+ 
channels, the activation of which is initiated by the 
activity of the pacemaker h-channels depolarizing the 
membrane by Na+- and К+- Ih ion currents and Са2+- 
IT currents that is in line with the concept of other 
investigators (Jiang et al., 2008). It is of importance 
that a relatively high in its amplitude hyperpolariza-
tion of MP in the cell, observed between the periods 
of the high-amplitude pulse activity, stops generating 
the pacemaking spikes.

And only upon another shift in the MP level towards 
depolarization, the large-amplitude pacemaking pulse 

activity develops again (see Figure 4.B herein). It is 
conceivable that this process is connected with kinetics 
of activation of the potential-dependent Na+- , К+- and 
Са2+ ion channels. The condition that the rhythmic 
activity pattern of the low-amplitude spikes does not 
depend on the level of shifting in MP of the neuron 
soma may bear witness to the fact that these spikes are 
formed at the expense of dendro-dendritic electrical 
synapses, by electrotonic conducting them from other 
neurons. The similar appearance of the small poten-
tial-independent spikes in dendrites at the cost of elec-
trical synapses, including that process occurring in the 
dendrites of the cortical inhibitory neurons [15], is ex-
tensively described in many reference papers. 

Initiation of the spikes varying in their amplitudes, 
specifically of the so called A spikes, as defined by 
E.N.Sokolov [17], may be determined by their gener-
ation in different branches of dendrites and axons. In 
this connection, it should be noted, while the high-am-
plitude APs can be characterized as those of pacemak-
er nature, controlled by the MP level, the low-ampli-
tude pulses being regular in its nature demonstrate no 
dependence on changes in the MP value, so that they 
can be found either to be ahead of (Figure 5, B herein) 
or behind the high-amplitude discharges (Figure 5, A 
herein). So, it may be suggested that the low-amplitudes 
pulses have been generated likely either in remote re-
gions of the dendrites of the recorded neuron, or have 
been conducted from the neighboring cells electroton-
ically, through the electrical dendro-dendritic synaps-
es, which provide for this sort of incoming pulses.

Differing degrees of synchronization of the rhythm 
of the low-amplitude spikes with a more regular, but 
less variable rhythm of the sequence of the large-sized 
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spikes, as illustrated in Figure 5 herein, may depend on 
a number of the conditions such as availability of the 
dendrite’s own resonance frequency that is also noticed 
by [18] and variations in the said frequency influenced 
by electrical synapses (ES). Specifically, in addition to 
the way of the electrical transmission of spikes, ES can 
be employed to transfer the gradual electrical actions 
under participation of mediators as follows: noradren-
aline, dopamine, serotonin and glucose, with a possibil-
ity of an immediate diffusion of the Са2+ ions, different 
metabolites and amino acids, which are responsible for 
the control and regulation of the cell cycles, cell con-
traction and homeostasis processes, through pores of 

gap junctions. These actions can contribute to tuning 
of the dendritic resonance to the dominant frequency 
of the neuron and providing the complete synchroniza-
tion of a small-sized dendritic spike with a large-sized 
one, with growing of the spike summated amplitude by 
25–30% that will certain serve to obtain a higher effi-
ciency of the synaptic action made by the summated 
spike. It is the opinion of E.N.Sokolov [17] that these 
complex mechanisms responsible for formation of the 
pacemaker activity are genetically controlled under 
participation of DNA, RNA and PDC proteins. 

The new, strongest experimental evidence, that the 
electrotonic potentials of the neuron membrane plays 

А)

B)

C)

D)

Figure 6. The action of Picrotoxin and RU1205 on the pacemaker pulse activity of the neuron in the Roman snail. Legend: A – 

Development of the background epileptiform activity in the previously silent neuron, detected upon expiration of 135 minutes 

from adding of Picrotoxin (0,747 mM) to the washing solution. B, C – Appearing episodes of the blockade of the Na+ potential

dependent channels with the blockade of the sodium spikes (the lines are markers of the blockade) upon expiration of 10 and 

67 minutes, respectively, from the time of adding of RU-1205 to the washing solution, under maintenance of the К+ and Са2+ 

oscillation. D – The permanent blockade of the Na+ channel and subsequently of the K+ and Ca2+ channels (the line indicates the 

block) upon expiration of 77 minutes from the time of adding of RU1205 to the washing solution. 
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a decisive role in the control and regulation of the func-
tional state and maintenance of life in each living cell, 
has been obtained by us in our experimental studies of 
microelectrode recording of intracellular oscillatory ac-
tivity in neurons in the snail Helix Pomatia: we have 
succeeded in producing of the intracellular recordings 

from the same neuron for a very long time, sometimes 
within an interval up to 60–70 hours, that has never 
been done before and that is not known from mod-
ern reference literature. Our experimental studies have 
dramatically shown a fundamental difference between 
the synaptically determined pulse activity, coming be-

А)

B)

C)

D)

Е)

Figure 7. Intracellular pacemaker firing activity of the neuron in mollusks and in the somatic cortex in rats under developing Epi

activity. Legend: A – Initial normal pacemaker pulse firing of the neuron in the snail ganglion. B – Development of epileptiform 

burst discharges of the neurons in the Roman snail. C – The blockade of the sodium spikes under the maintenance of the 

potassium and calcium pacemaker oscillations of the neurons in the snail. D – Restoration of the normal largeamplitude sodium 

spikes of the neurons in the snail upon completion of the Epiactivity. E – Dynamics of evoked potentials (EP) and pulse responses 

by the cortex neurons upon rhythmic stimulation of the cortex and development of EpiA of the peakwave type with a pronounced 

cathodic depression of the pulse discharges at epileptiform peak event. 1 – Electrocorticogram. 2  Pulse firing activity of the 

neuron. Calibration: in cases A, B, C and D  5 s / 50 mV; in case E 1, 2 – 200 ms / 1 mV.
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fore EPSP, and the pacemaker, genetically formed ac-
tivity type, which is usually shaped by rhythmic pulsa-
tion, when prior to each spike we find a stereotypical, 
smoothly growing, depolarization potential, and when 
each spike is followed by the stereotypical hyperpolar-
ization potential. The observed pacemaker oscillato-
ry activity is governed by the sequential initiation of 
the potential-dependent К+, Са2+ and Na+ channels. It 
should be mentioned that in some experiments, under 
the action of different pharmaceutical agents, we ob-
served a Na+ channel blockade with the disappearance 
of the large-amplitude spikes, however with the pres-
ence of the low-amplitude oscillations formed by the К+ 
and Са2+ channels (see Figure 6 and Figure 7 herein).

Of special interest for the proper understanding of 
the role of the intracellular electrotonic potentials in 
the processes of the control & regulation of the func-
tional state and maintenance of life in isolated neurons 
are our data on possibilities and capabilities of the in-
tracellular generation of not a single large-sized spike, 
reflecting the MP level of the cell, but of another one 
or even the other two smaller-sized spikes, apparently 
generated at the same time in remote areas of the den-
drites of the recorded neuron in the snail Helix Poma-
tia, or conducted electrotonically through the dendrit-
ic electrical synapses from the neighboring cells.

These low-amplitude spikes recorded in sync with the 
main large spike might possess their own frequency of 
pulsation and demonstrate varying forms of an excit-
atory or an inhibitory interaction with the large spike 
that argues for a possibility of various forms of the 
electrotonic soma-dendritic intracellular interaction of 
different loci of the neuron membrane that has been 
demonstrated by us in our research work [11]. So, it can 
be stated that a biological rhythm of a neuron can be 
produced by several loci of generation of spikes, which 
have different durations, amplitudes and frequencies 
and which are initiated at different MP values.

Biological rhythms produced by CNS in 
the snail Helix Pomatia with removed optic 
tentacles (ommatophores) upon exposure to 
blue, white and red light.

An investigation of responses by the neurons in the 
prepared specimen of the isolated CNS in the snail 
Helix Pomatia with the removed complex of the op-
tic tentacles – ommatophores – to exposures to blue, 
white and red light has demonstrated a long-term in-
crease in firing rate of pacemaker APs of the neurons 

within 120 seconds (see Figure 8 herein) upon a single 
10-second exposure to blue light in the spectrum re-
gion with a wavelength of 440–460 nm.

Upon the single short-time one-second exposure 
to blue light, we observed a shorter response by the 
specimen. As it may be seen in Figure 9.A and A1, the 
response by the neuron is accompanied by two pace-
maker potentials, followed by excitatory postsynaptic 
potentials (EPSP) with three pulse discharges of AP.

Changes in the AP firing rate of the neurons exposed 
to white and red light (650 nm) were either not detect-
able, or if detected, would have effects that would be 
considered slight.

It has been demonstrated [19] that the mechanism of 
the action of blue laser light on a not pigmented nerve 
cell is not thermal, but photochemical in its nature, 
when the cell is exposed to light in the blue spectrum 
region (441,6 – 460 nm) that corresponds to the spec-
trum of absorption of flavine compounds (460 nm). 
The observed effects are likely attributed to changes 
in the extracellular concentration of Са2+ and to a 
high sensitivity of the (Nа+- К+- Ca2+-) ATPase to blue 
light laser emission [19]. It is known that blue light 
inactivates the ion channels, pumps [20] and other 
membrane proteins. This results in a disorder in ion 
permeability of the plasma membrane, a membrane 
potential drop and an increase in the firing rate. 

At the same time, a possibility of using light expo-
sure effects for selective regeneration of the refractory 
axons, including that due to an increase in the level of 
the intracellular adenosine monophosphate, regulated 
by the Ca2+/calmodulin complex, has been demon-

Figure 8. A change in the AP firing rate of the neurons as effect 

upon the 10second exposure to blue light with a wavelength of 

440460 nm. An arrow indicates the beginning of the exposure 

session.



Issue 12. May 2018 | Cardiometry | 49

А.1)

А)

Figure 9. Change in AP firing rate of the neurons as an effect 

upon the single 1second exposure to blue light with a 

wavelength of 440460 nm. Legend: A. An arrow indicates the 

beginning of the exposure session.

strated that is in agreement with the data obtained by 
other investigators [21].

A special feature of the prepared specimens under 
studies is that the complex of the ommatophores, the 
light-sensitive receptors, which are connected with the 
circumphageal ganglia (the supraoesophageal ganglion 
complex and suboesophageal ganglion complex), has 
been removed before our experiments. It has been es-
tablished that blue, red and white light exposures pro-
duce some effects on the surface of the nerve cells free 
of the thick connective tissue and arachnoid sheath. 
The observed effects may be treated both as a result 
from the synaptic action, arrived through the ortho-
dromic pathways, on the membrane of the CNS neuron 
in the snail and as an immediate result from the action 
of light on the structures of the neuron under studies.

All above things considered, we should call attention 
to the fact that we have detected either the absence or 
a low level of responding by the neuron to the white 
and red light exposures, while the blue light exposure 
has been assessed as giving a pronounced response. 
Now we are planning to conduct further investiga-
tions in this field with involving PDC blockers. 

The evidence reported by us for the possibility to 
provide a contact-free stimulation of certain regions 
in the nerve tissue, using blue light, is of significant in-
terest to experimental neurophysiology and oncology, 
and it can find applications in neurosurgery, in partic-
ular, to select an optimal regime of laser exposure tak-
ing into account therapy goals and current objectives.

The function of electrotonic potentials in control & 
regulation of biological rhythms and maintenance of 
life performance of the nervous system

In our experimental studies, we have obtained 
fresh data on sensitivity of the pacemaker oscillato-
ry activity of the neurons in the Roman snail to some 
electromagnetic actions produced by specific broad-
band-spectrum frequencies, including those in the 
optical region.

The evolutionary development of living entities on 
the Earth under continuously varying electromag-
netic influences and effects has inevitably imprinted 
on the genetic programs in DNA, and first of all it is 
applicable to DNA in the nervous cells. The multi-lev-
el mechanisms of the biotropic action of electromag-
netic fields are discussed in detail in comprehensive 
monographs by A.S.Presman, Yu.A.Kholodov and 
some other researchers [22–24].

As to application case studies, it should be mentioned 
that electromagnetic fields are of great significance for 
the targeted control & regulation of the functional state 
in animals and humans with the use of some bio-res-
onance effects and formation of the desired shifts in 
the rhythm genesis patterns of the nervous system in 
order to produce the required therapy effect without 
medication. It is known that the performance of an or-
ganism and the sensory perception of external stimuli 
are maintained via the resonance of the bio-electrical 
activity at the corresponding levels in the organism. 
Following this philosophy, M.Y.  Rudenko (Russian 
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New University) has developed his original medical 
device EZh-2 (Energy of Life), which has been tested 
and validated by the Rostov Radio-Engineering Re-
search Institute and by the Experimental Laboratory 
(headed by A.I. Shikhlyarova) at the Rostov Research 
Institute of Oncology, Ministry of Healthcare of the 
Russian Federation. The device is designed to control 
processes of adaptation responses and reactions by a 
human organism on the basis of the bio-resonance 
phenomena. The EZh-2 device is capable of generat-
ing a certain spectrum of ultra-weak electromagnetic 
radiation, covering some specific broad-band wave-
lengths, adequate to the inherent resonance frequen-
cies found in the cells, organs and systems in an organ-
ism. This device can be successfully used in treatment 
of acute and chronic pains and rehabilitation.

In our research, we have demonstrated [25] that the 
broadband-spectrum stochastic electromagnetic radi-
ation, generated by the EZh-2 device and modulated 
in a manner similar to biological rhythms applied to 
the CNS neurons, the electrophysiological properties 
of which are analogues to those in the heart cell pop-
ulation, namely, cardiomyocytes, has produced a fa-
vorable effect on development of the processes of hy-
perpolarization of the neurons and formation of their 
protective adaptation inhibition.

Correction of biological rhythms of the brain 
in oncology patients by applying artificial 
rhythmic magnetic fields

According to medical statistics data, upon comple-
tion of applicable treatment, disorders in cerebral bio-
logical rhythms in patients with brain damages caused 
by intra- or extracerebral tumors are eliminated only 
in 30% of the cases, and the restoration of the proper 
biological rhythm patterns depends on disease severi-
ty. In this connection, a topical issue is to develop and 
offer a specific accompanying therapy aimed at an in-
crease in the total therapy efficacy and improvement 
of the life quality in cancer patients.

Following this way, it should be mentioned that ap-
plications of some specific magnetic fields appear to 
have considerable promise: a pioneering experimen-
tal treatment technology has demonstrated favorable 
outcomes in malignant tumor patients in their com-
plex therapy, conducted by Rostov Research Institute 
of Oncology [26-29].

In the research work guided by A.I.Shikhlyarova, used 
was recording of bio-electrical rhythms of the brain with 

the aid of the ENCEPHALAN-131-01 equipment (de-
signed and manufactured by a Russian company from 
Taganrog). Cortical intercenter connections were as-
sessed in the alpha and beta ranges of EEG in lung can-
cer patients under the conditions of sensory rest. Expo-
sures to ultra-low frequency magnetic fields (ULF MF) 
were conducted on day 1 after surgery, with applications 
of inductors of the magneto-therapy device Gradient-2 
(produced in Rostov-on-Don, Russia) to the central ar-
eas of the projection of the hypothalamus, at an intensity 
from 5,0 to 0,8 mT, under exposure sessions of 7,0 min-
utes within the ranges 0,3-3,0 Hz and 0-9,0 Hz, the fre-
quencies of which are close to the endogenous biological 
rhythms of the brain. An assessment of efficacy of the 
proposed ULF MF therapy in lung cancer patients under 
the conditions of sensory rest was performed according 
to criteria for general non-specific adaptation reactions 
(GNAR) of the organism: the reaction of training (T), 
the reaction of calm activation (CA), the reaction of ele-
vated activation (EA) and stress (S). 

An evaluation of the data obtained in the above re-
search work has reliably shown that the values of the 
general level of synchronization of the bio-potentials 
of the brain under GNARs of the T, CA and EA types, 
induced by ULF MF, have reliably exceeded the val-
ues recorded in patients, who have not received the 
ULF MF therapy (the reference group) and whose 
background state has been assessed as stress. An as-
sessment of the synchronism of biological rhythms 
traced by separate leads upon the ULF MF therapy has 
revealed that we deal with the similar events: we have 

Figure 10. Dynamics of data on spatial synchronization for 

the alpha (a) and beta (b) rhythm upon ULF MF exposure. 

Legend: F1, F2, T1, T4, C3, C4, O1 and O2 are points of EEC 

recording. Solid line indicates a reliably higher enhancement 

of synchronization of biological rhythms among the recorded 

regions of EEC in the main test group versus the reference 

group (р<0,05); dashed line marls a higher level of changes in 

synchronization of biological rhythms of the brain sections in 

the main test group versus the reference group, at the level of 

tendency (р<0,1).
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observed an increase in cross-correlation coefficients 
(CC) among separate neocortex regions under the 
anti-stressor GNARs against the low level CC values 
typical for stress.

In the range of the EEC alpha-rhythm in patients 
upon the ULF MF exposure, who had the CA reac-
tion, the difference of the averaged group-related CC 
between the central leads of both brain hemispheres 
was found to be significant (р < 0,05). Under the EA 
conditions, detected has been significantly an en-
hancement of the synchronization of bio-potentials of 
the occipital cortex with the frontal and central corti-
cal regions (р < 0,05).

During our investigation of synchronization of bio-
logical rhythms in the beta range we noted the highest 
values of the said marker under the ULF MF action, 
inducing development of the CA reaction, and the re-
corded values exceeded reliably those values, which 
were revealed under stress development (р < 0,05). 
Differences of that sort were found for 9 leads of the 
16 under studies: between the symmetrical frontal and 
temporal regions, as well as between the symmetrical 
frontal-occipital and central-temporal leads in both 
hemispheres. The similar differences were identified 
for the occipital-temporal lead of the left semisphere 
and for the frontal-temporal lead of the right hemi-
sphere. In cases of the T reactions or over-activation 
induced by ULF MF, the CC prevailing values as com-
pared with the S reaction were revealed only at the 
level of tendency (р < 0,1).

So, under the ULF MF influence and effects, when 
developing the CA and EA reactions, as compared 
with stress (without ULF MF exposure), an enhance-
ment of the symmetrically recorded inter- and in-
tra-hemispheric interactions has been revealed. As 
it is known, the coupling of the cerebral hemispheres 
is of great biological significance: it is responsible for 
the maintenance of the integral performance of the 
organism that is a governing factor in favorable out-
comes of the self-regulation processes therein.

Conclusion
The processes of the endogenous genome-controlled 

pacemaker rhythm genesis, formed on the basis of the 
multitude of the potential-dependent К+, Са2+ and 
Na+ channels, activated under departures of the neu-
ron MP from the MP optimal level, is of paramount 
importance for the control & regulation of the func-
tional state of CNS.

In our experimental studies, we have revealed a spe-
cific pronounced response given by the neuron to ex-
posures to blue light with wavelength λ 440–460 nm; 
in case of the neurons exposed to white and red light, 
responses were either not detectable, or if detected, 
would have effects that would be considered slight.

The pacemaker activity is an ancient type of the en-
do-neuronal activity. It can be found both in the pro-
karyotes and the eukaryotes, and it is considered to 
be the earliest form of electrical activity of an evolu-
tionizing organism [30, 31]. In evolution, during evo-
lutionary transitions to multicellularity, including the 
multicellular CNS, the pacemaker attribution proper-
ty is inherited by many cell populations, which belong 
to different brain structures. Adding complexity to 
the structure and organization of the nervous system, 
associated with the appearance of synaptic transmis-
sion, has resulted in diversity in the pacemaker activi-
ty function. The pacemaker neurons form the neuron 
systems, which undertake a great variety of functions 
in a well-developed organism and which are responsi-
ble for presetting of the basic rhythm genesis. The en-
dogenous rhythmicity, which has developed under the 
action of the cyclic processes existing in the environ-
ment at the early stages of the origin of living organ-
isms, is capable of integrating the most complex living 
subjects into a constantly changing environment in 
the most reliable and adequate way.

Adhering the above philosophy, we have completed 
our comprehensive studies devoted to the research 
into the endogenous mechanisms of the pacemak-
er rhythm genesis, using single axotomized neurons 
in the snail Helix Pomatia, and into the role of back-
ground rhythm genesis in the processes of sensomo-
toric integration and exogenous rhythms produced 
by the influence of external factors. The obtained 
data and findings bear witness that the studies have 
demonstrated a high modern science methodology 
level; some original results obtained therein suggest 
that they are superior to the existing research level, 
specifically in respect to many-hours intracellular 
recording data on the pacemaker rhythm genesis. 
We have pioneered in completion of fundamental 
multi-disciplinary complex morphofunctional, neu-
ropharmacological, neurophysiological experimental 
studies of the mechanisms responsible for the control 
and regulation of the functional state and formation 
of the endogenous genome-governed pacemaker 
rhythm genesis at the level of an individual neuron, as 
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well as the exogenous influence and effects produced 
by specific EMR on the biological rhythm genesis of 
a neuron.

As opposed to the conventional concepts, which de-
scribe formation of the rhythm genesis of the brain 
as a result from summation and synchronization of 
the postsynaptic potentials of the neuron networks, 
we have proposed another way of looking at this phe-
nomenon: in our opinion, the endogenous rhythmici-
ty is organized on the basis of sequential activity of the 
potential-dependent К+, Ca2+ and Na+ channels.

Taking into account the significance of the EMR in-
fluences and effects on the environmental conditions 
in evolution of living organisms on the Earth and on 
the control & regulation of the functional state of liv-
ing cells, we have presented fresh data on the nature of 
the electromagnetic action on the functional state of 
the neurons in the snail Helix Pomatia, based on the 
intracellular recordings of their activity, and all this 
can be successfully applied in bio-medical practice to 
provide effective treatment of different diseases.

As we may think, the obtained evidence for the pres-
ence of the protective effect upon the ULF MF therapy 
in oncology is based on the same mechanisms of the 
membrane-related responses detected in the isolated 
neurons to electromagnetic exposures, as it is exempli-
fied herein by the experience in application of device 
Energiya Zhizni-2, under due considerations of the 
specific events at the organ-, system- and organism-re-
lated level of the organization. These fundamental reg-
ular patterns are central to the general approach to 
control and maintenance of homeostasis, functional 
integrity and harmonization in a living organism.
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Abstract
In order to reveal the functional interrelationships of the main 

physiological characteristics of the organism with the external 

environment exogenous abiotic factors, as well as the evaluation 

of the magnetic field factor effect on the morphofunctional sta

tus main characteristics, 18 healthy men aged 25–49 years old, 

residents of the NorthEast of Russia (Magadan) were examined. 

Parameters of the cardiovascular system, external respiration 

and gas exchange, as well as heart rate variability were studied. 

Environmental factors, such as air temperature, wind speed, air 

humidity, atmospheric pressure and Kindex were separately an

alyzed. Identified were different types of responses by human 

organisms to the influence of environmental abiotic factors, de

pending on the initial vegetative tone of the examinees. Thus, the 

individual profile of the subject with a sympathotonic type of au

tonomic regulation was characterized by a pronounced dynamics 

of the studied indicators in response to the influence of environ

mental factors. At the same time, for the subjects with normotonic 

and vagotonic initial tone, positive air temperatures were found to 

be the most stressful factors. The obtained data indicate that the 

most pronounced stress of the functional state is observed with 

the synergistic action of the temperature factor and the perturbed 

magnetic field (according to the Kindex data). The conducted 

correlation pleiades analysis have made it possible to establish 

an increase in the surveyed men’s level of systolic and diastolic 

arterial pressure in response to the voltage of the Earth's magnetic 

field. It has been also revealed that the effect of the Earth's abiotic 

factors on the heart rate variability parameters is manifested in the 

activation of the parasympathetic part of the autonomic nervous 

system, which is most beneficial for the organism while forming 

response compensatoryadaptive reactions.
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Introduction
The influence of meteorological, geomagnetic and 

especially weather factors on the human body remains 
an actual problem in modern physiology and medi-
cine. It is believed that one of the first places in terms 
of the exposure of the human body is occupied by 
differences in atmospheric pressure. Running second 
is the effect of low and high temperatures, especial-
ly in the initial period of adaptation [1]. It should be 
said that there are a small number of works, in which 
the complex influence of both geomagnetic and me-
teorological characteristics on the functional state of 
the human subjects is analyzed, while the greatest 
percentage is devoted to the study of mortality and 
the level of special medical services provided on the 
days of helium-magnetic disturbances. In general, the 
weather effect on the human body occurs through 
the formation of adaptive reactions at the level of the 
central nervous system (CNS) and the autonomic ner-
vous system (ANS), by fixing the conditioned reflex 
influence [2]. So, there is a correlation relationship be-
tween changes in temperature, relative air humidity, 
atmospheric pressure, the Earth's magnetic field and 
an increase in the maximal and pulse pressure, as well 
as the heart rate [3]. The previously studied influence 
of climatic characteristics (air temperature, humidity, 
atmosphere pressure, wind speed) on the morpho-
functional indices of young people living in different 
climatic and geographical areas of the Magadan Re-
gion showed that the young individuals living in the 
continental natural climatic zone have a functional 
status, that is more influenced by the temperature fac-
tor (taking into account the fact that during the sur-
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vey the air temperature dropped to -50 °C) [4]. At the 
same time, the physiological characteristics of young 
inhabitants of the region's coastal part are subject to 
a complex influence of wind speed, temperature and 
atmosphere pressure. Along therewith, the question 
of the simultaneous influence of both meteorologi-
cal and helium-magnetic factors remains still open. 
In this connection, the aim of our research work was 
to identify the functional interrelationships between 
the main physiological characteristics and the exog-
enous abiotic factors of the external environment. In 
addition thereto, one of the tasks of the study was to 
evaluate an effect of both temperature and magnetic 
field factors on the main studied characteristics of the 
morphofunctional status in the dynamics of the 1.5-
year experiment, i.e. in the seasonal aspect.

Materials and methods
18 men at the age from 25 to 49 years, permanent 

residents of the Magadan Region, took part in our 
research. Every month in a defined 18-month period 
they underwent surveys at the “Arktika” Scientific Re-
search Center, FEB RAS. For an analysis of the func-
tional state of the cardiovascular system at rest with 
the help of automatic tonometer Nessei DS–1862 (Ja-
pan) the measurements of systolic BPS (mmHg) and 
diastolic blood pressure BPD (mmHg), as well as the 
heart rate HR were recorded.

Pulse pressure PP (mmHg), the total peripheral vas-
cular resistance TPVR (dyn2 s cm–5), stroke volume 
SV (mL) and cardiac output CO (L/min) were calcu-
lated [5].

To assess the series of parameters of the external 
respiration system and gas exchange in young men 
at rest with the help of metabolograph MedGraphics 
VO2000 (USA) the content of oxygen O2 and carbon 
dioxide CO2 in the exhaled air, oxygen consumption 
OC (mL/min), breathing volume BV (L/min), respi-
ratory rate RR (circle/min), respiratory volume RV 
(mL), respiratory quotient RQ (arb. units) and energy 
consumption at rest (kcal/min) were determined. Pul-
monary volumes and ventilation values were automat-
ically assigned to the BTPS system, and the amount 
of oxygen consumption was referred to the STPD sys-
tem. The examinations of young men were conducted 
in a room at a temperature of 18–20 °C, in the morn-
ing hours.

Parameters of external respiration were analyzed in 
an open system using spiro-analyzer КМ-АР-01 Dia-

mant-С (Russia). The recording was made in sitting 
position in two stages: the first one included a maxi-
mum inhalation from and a calm maximum exhalation 
into the tube of the gas analysis module; in the second 
stage, after the maximum inhalation, a rapid forced ex-
halation was also made to the limit. The highest values 
obtained over several measurements were taken into 
account. All the main characteristics were automatical-
ly compared with the proper values originally embed-
ded in the software of the device, which represented the 
data obtained for the population of the inhabitants of 
the Central European part in Russia [6].

An assessment of the state of the external respiration 
system of the subjects was carried out on the basis of 
measurements and subsequent analysis of the following 
indices: TVLC – time of calm exhalation (s), TFVLC – time 
of forced expiration (s); VLC – the vital lung capacity (L); 
FVC – forced vital lung capacity (L); FEV1 – the volume 
of forced expiration in the first second (L); PVR – peak 
volumetric expiratory flow rate, (L/s); FEF25%, FEF50%, 
FEF75% – instantaneous space velocities at 25%, 50% and 
75% of FVC, respectively (L/s); SVAV25–75% is average space 
velocity in the range of 25–75%, (L/s); Index Tiffno, 
(IT) – ratio FEV1/VLC, (%); Index Gensler, (IG) – the 
ratio of FEV1/FVC (%).

An analysis of the heart rate variability (HRV) was 
carried out according to the generally accepted meth-
odology in accordance with the methodological rec-
ommendations issued by the group of recognized 
Russian experts [7]. The following data in the above 
subjects were recorded: heart rate (HR, beats per 
min); Mean (ms) is the mean; MxDMn (ms) is the dif-
ference between the maximum and minimum values 
of the cardio intervals, or the variation range; SDNN 
(ms) – standard deviation of the full array of cardio-
intervals; CV (%) – the coefficient of variation of the 
full array of cardiointervals; RMSSD is the square root 
of the sum of differences in a series of cardiointervals; 
MO (ms) – mode; AMO (ms) – the amplitude of the 
mode; SI (arb. units) – stress index (stress index of 
regulatory systems); TP, (ms2) is the total power of the 
heart rate spectrum; HF – absolute (ms2) and relative 
(in percentage) power spectrum of the high-frequen-
cy component of the high-frequency HRV (High Fre-
quency) in the range 0.4–0.15 Hz (respiratory waves); 
LF – absolute (ms2) and relative (in percentage) pow-
er spectrum of low frequency component of HRV 
(Low Frequency) in the range 0,15–0,04 Hz (vascular 
waves); VLF is the absolute (ms2) and relative (in per-
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centage) power of the very low-frequency component 
of the Very Low Frequency spectrum in the range 
0.04–0.015 Hz; LF / HF – the ratio of low-frequency 
and high-frequency components of HRV, IARS, (arb. 
units) – an indicator of the activity of regulatory sys-
tems. A standard single-lead ECG was recorded in sit-
ting position of every examinee. 

For our analysis of climatic characteristics of various 
natural zones of the Magadan Region, data provided 
by the State Institution “Kolyma Division for Hydro-
meteorology and Environmental Monitoring” were 
utilized. The following characteristics were considered 
in our work: air temperature (TAIR, °C), wind velocity 
(WV, m/sec), air humidity (HAIR, %) and atmospher-
ic pressure (AP, mm Hg). For the analysis, a database 
of 8 daily measurements with a total of 56 was gen-
erated. Data on the K-index level were provided by I. 
Poddelsky, Head of the Magadan Geophysical Obser-
vatory, FEB RAS. The obtained results were subject-
ed to statistical processing using our application soft-
ware system Statistica 7.0. The pair correlation of each 
parameter was computed with the calculation of the 
Pearson correlation coefficient with the construction 
of correlation pleiades to reflect inter-system relation-
ships between meteorological and helium-magnetic 
characteristics and physiological parameters of the or-
ganism. Considered were statistically significant cor-
relation coefficients with a tight connection from r ≥ 
0.3, p <0.05 [8]. In addition, we analyzed the dynam-
ics of a number of physiological characteristics (BPS, 
stress index and IARS) in the dynamics of a 18-month 
period in their dependence on the meteorological (air 
temperature) and geomagnetic (K-index) characteris-
tics of the environment.

Results
To analyze the individual dependence on the me-

teorological and geomagnetic characteristics, we 
conducted an assessment of the subjects’ individual 
profiles. Guided by the fact that ANS is one of the 
regulatory systems of the body that affects the activity 
of the cardiorespiratory system, and also taking into 
account the fact that now in many works, including 
ours, it is necessary to consider the initial autonom-
ic tonus in the functional state analysis, in the given 
study we analyzed the dynamics of the physiological 
parameters in subjects that differed in the type of au-
tonomic regulation of the heart rhythm (vagotonics, 
normotonics and sympathotonics), depending on the 

stage (in the seasonal aspect) of experiment, meteoro-
logical and helium-magnetic environment.

The individual analysis of the systolic blood pressure 
level dynamics during the 1.5-year dynamics (Figure 1), 
with the detailed data of every day study according to 
the level of the magnetic field and air temperature, re-
vealed the following: in a young man - a vagotonic type 
under an increase in the K-index to a slightly disturbed 
(K-index = 3) and perturbed (K-index = 4), the highest 
values of the systolic blood pressure level were recorded 
(the changes were observed at the 3rd, 5th, 9th and 13th 
stages of the survey). The maximal BPS indices (Figure 
2) in the representative of the group under study were 
revealed in the first month of autumn. An important 
point was that a relatively high air temperature in the 
summer periods of the study was not accompanied 
by an increase in the level of systolic blood pressure, 
and that at the time of the temperature curve transi-
tion through zero point in the autumn-summer and 
spring-winter periods of the year, there was a certain 
stability of this physiological characteristic recorded.

The next stage of our study was to reveal correlations 
between the basic physiological characteristics of the 
functional status and the meteorological helium-mag-
netic parameters. The analysis obtained is presented 
in the pleiade (Fig. 19–22). It is known that the cardio-
vascular system, as the most reactive one, is among the 
first involved in the process of adaptation to environ-
mental conditions. According to the data of a number 
of authors [2, 9], the greatest influence of helium-geo-
magnetic and climatic factors is exerted just on the 
man’s cardiovascular system. As a result of the analysis 
of the correlation of the climatic and helium-magnetic 
characteristics and the cardiovascular system parame-
ters, the following relationships have been established 
(Fig. 19): increases in systolic and diastolic arterial 
pressure in response to the disturbed magnetic field, 
as well as a reduction in physiological characteristics 
with an increase in the temperature factor occur. The 
increase in the overall peripheral resistance of blood 
vessels and in the BPD index, which characterizes the 
small vessels tone state, in response to an increase in 
wind velocity should be mentioned. On the contrary, 
a severe wind situation leads to a decrease in import-
ant hemodynamic parameters, reflecting the body’s 
supply of oxygen and nutrients: stroke and minute 
volume of blood circulation. The obtained data have 
confirmed the idea that the cardiovascular system is 
sensitive to the effects of space weather factors and 
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climatic characteristics. In addition, the male individ-
uals we surveyed had a definite meteosensitivity to the 
functional state of the vegetative tone. Thus, the state 
of the cardiovascular system, as exemplified by HRV 
characteristics (Fig. 20), is influenced by a number of 
meteorological characteristics, as well as the level of 
perturbation of the Earth's magnetic field.

Discussion and conclusions
Analyzing the dynamics of the stress index in the 

period under study (Fig. 3), it should be taken into 
account that in subject V. the highest values of the 
above index were fixed under a quiet magnetic field 
(stages 1, 6 and 10 of the experiment). On the con-
trary, a decrease in the index was observed on days 
with a weakly perturbed and perturbed magnetic field. 
Our analysis of the characteristic as a function of the 
temperature regime (Fig. 4) within the period under 
study revealed a certain pattern of the SI increase in 
the studied periods of the year, both spring-summer 
and autumn-winter stages of our research conducted 
in 2010 and in 2011. It is necessary to emphasize that 
the identified highest SI indices in the summer period 
of the 2010 survey, which is characterized by high am-
bient temperatures. Analyzing the changes in the IARS 
index (Fig. 6) depending on the air temperature, it can 
be noticed that the highest activity levels of regulato-
ry systems were established for the summer periods of 
the study in 2010 and in 2011, as well as at the time 
of transition of the temperature curve through zero 
as in the autumn-winter period of 2010 and in the 
spring-summer phase of 2011. Moreover, it should be 
pointed out that during the summer period of research 
against the background of high air temperatures and 
the highest indices of the K-index (Fig. 5), indicative of 
a perturbed magnetic field, the highest IARS indices in 
the said subject were not typical for him. Thus, we can 
notice (Table 1) that in the subject characterized by a 
predominance of the initial vagotonic autonomic sta-
tus, the level of systolic blood pressure was not affected 
by the dynamics in response to changes in the ambient 
temperature during the time period under study.

Based on the foregoing, it can be concluded that for a 
young vagotonic man, a decrease in ambient tempera-
ture below –25 °C and an increase above +18 °C, as 
well as transitions of the temperature curve through 
zero during critical periods of the year, is not a suf-
ficient stress factor causing a definite reaction of the 
basic parameters of the cardiovascular system: the sys-

tolic blood pressure due to the presence of some com-
pensatory-adaptive mechanisms aimed at reducing the 
stress of the body function status. At the same time, 
an increase in the K-index to a level of a weakly per-
turbed and to a perturbed level of the magnetic field 
causes an increase in the BPS. For characteristics such 
as IARS and stress index, typical was reaching of the 
highest values during the periods of the highest posi-
tive ambient temperatures (summer period), as well as 
in the transitional spring-summer and autumn-winter 
periods of the year. It was noteworthy that the highest 
parameters of IARS in the vagotonic subject (IARS = 7) 
were detected upon the combined effect of high posi-
tive temperatures and a perturbed magnetic field.

The results we have obtained indicate the presence 
of a similar dynamics of the BPS level as a function 
of the temperature indices in the male-sympathoton-
ic type and normotonic type (Fig. 8, Fig. 14). Thus, 
the highest values of the indicator were recorded in 
the winter stage of the study (February), characterized 
by maximum negative air temperatures (up to -30 °С) 
and in the transitional autumn-winter period of the 
year. The increase in BPS, observed in December in 
the sympathetics vs the normotonics, was caused by 
the simultaneous action of a magnetic field raised at a 
given stage of the experiment to the level of a slight-
ly disturbed one (Fig. 13). In the subject of the above 
group, it was possible to distinguish the periods of in-
crease in arterial pressure in September of 2010 and 
2011 also due to the increase in the K-index at that 
stage of the experiment. It should also be highlight-
ed that we observed the lack of influence of the mag-
netic field on the level of systolic blood pressure in 
men-normotonics (Fig. 7).

Analyzing the values of the stress index in the sub-
ject-normotonics (Fig. 10), we can say that its high-
est values were recorded in the summer and at the 
time of temperature transition through zero in the 
spring-summer phase of the study. It was noteworthy 
that the high values of the stress index in the summer 
period of the year were apparently caused by the syn-
ergistic influence of high air temperatures and a per-
turbed magnetic field (the K-index during the survey 
period was at the level of 5, Fig. 9). Similarly to the 
dynamics of the stress index, we recorded the high-
est values of IARS (Fig. 12) in the summer period of 
the year and in the transitional spring-summer phase 
of the experiment. In addition, there were increases 
in IARS in response to the transition of the tempera-
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ture curve through zero in the autumn-winter period 
of the year. Similar to the case with the values of the 
stress index, the highest values of IARS were identi-
fied with simultaneous influence of positive air tem-
peratures and high K-index values (Fig. 11).

Thus, the functional state of the subject with the 
initial normotonic status (Table 1) in the dynamics 
of the studied time interval was characterized by the 
presence of an increase in the values of the analyzed 
physiological characteristics, mainly during the sum-
mer period of the study. We also identified the growth 
of BPS in the winter and autumn-winter period of 
the year. Mentioned should be the stability of the he-
modynamic characteristic during the studied period 
in response to the dynamics of the Earth’s magnetic 
field voltage. This circumstance indicates optimal ho-
meostatic mechanisms in a young person belonging 
to a group with a normotonic orientation of the heart 
rhythm autonomic regulation. It should be empha-
sized that the unprecedented increase in IARS and 
stress index in the summer period in the subject of this 
group seems to reflect the combined effect of positive 
ambient temperatures and perturbed magnetic fields 
on an organism with sufficient functional reserves.

When analyzing the effect of the temperature factor 
on the stress index in a subject with a predominance 
of sympathicotonic initial autonomic tone, a certain 
coincidence of the SI trend lines and the temperature 
curve was detected (Fig. 16). Thus, with a decrease in 
the ambient temperature, a decrease in the stress in-
dex was identified, and, accordingly, with an increase 
in temperature, the highest indices of the stress index 
were revealed. A clear dynamics of the stress index 
due to changes in the degree of perturbation of the 
magnetic field in the subject-sympathotonic was not 
found in our studies (Fig. 15). The maximum value of 
IARS in the examined group was recorded in Septem-
ber of 2011. The observed dynamics can be explained 
by the beginning of the autumn-winter transition of 
the temperature trend through zero and the simulta-
neous increase in the K-index to 3 arb. units (Fig. 17, 
Fig. 18). Thus, it can be stated (Table 1) that in the 
subject with sympathicotonic autonomic reactivi-
ty one of the most important hemodynamic factors, 
which is an indicator of changes in the parameters of 
the environment (in particular, temperature), is the 
level of the stress index, which indicates a certain la-
bility of physiological systems in a representative of 
this group. Thus, it can be seen that the SI level is char-

acterized by maximum values in the period of positive 
air temperatures with a tendency to decrease during 
the transition of the temperature curve to the zone of 
negative values. We have revealed a lack of influence 
of the magnetic field on this characteristic in the sub-
ject-sympathicotonics. In this subject, a low ambient 
temperature has induced an increase in systolic blood 
pressure both during the winter period of the year and 
in the transitional autumn-winter stage of the exper-
iment. Thus, we can state a certain sensitivity of this 
indicator (BPS), where the negative temperature of the 
air acts as an external stimulus that produces a certain 
reaction by the organism in the form of an increase 
in blood pressure that goes beyond the limits of the 
physiological norm [10]. Values of the activity index 
of regulatory systems have increased in the autumn 
period against the backdrop of low air temperatures 
with the simultaneous effect of a weakly perturbed 
magnetic field.

The indices of the magnetic field perturbation in the 
exemplary case of the K-index can be defined as the 
greatest biotropic factor, which exerts the maximum 
influence on the investigated characteristics of the 
cardiovascular system and HRV. This confirms some 
authors’ statements that the geomagnetic storm is one 
of the unfavorable physical factors affecting the hu-
man body and that besides the nervous and endocrine 
systems the cardiovascular system is the most sensi-
tive one to the change in the Earth's magnetic field 
[11, 12]. Thus, we have identified 13 interrelations 
between the K-index and the physiological charac-
teristics of the hemodynamic system, such as: BPS, 
BPD, MxDMn, RMSSD, pNN50, SDNN, CV, TP, HF, 
LF, VLF, AMo, SI. The correlation analysis shows the 
presence of very strong links between changes in the 
Earth’s magnetic field in the K-index and the ANS di-
vision, both sympathetic and parasympathetic: during 
periods of high magnetic activity, the activity of the 
central control circuit decreases (in the values of AMo 
and SI). At the same time, the increase in MxDMn, 
RMSSD, pNN50, CV in response to the influence of 
the disturbed magnetic environment of the Earth in-
dicates an increase in the influence of the parasym-
pathetic division of the ANS and a rise in the activi-
ty of self-regulation mechanisms. An increase in the 
Earth’s magnetic field intensity leads to an elevation 
of the indices, and SDNN shows the lower control lev-
els’ activation. Moreover, we have detected activation 
of the respiratory center (in HF values), sympathetic 
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vascular center (in LF value) and a rise in the relative 
activity level of the energy-metabolic regulation link 
(VLF values) against the background of changes in 
the Earth’s magnetic field. A second biotropic factor, 
which has a significant effect on the cardiovascular 
system and the autonomic tone of the organism, is the 
ambient temperature, which demonstrates 11 correla-
tion links with HRV parameters.

Besides the above-described relationships between 
air temperature and blood pressure level (BPS and 
BPD), it has been found that the MxDMn, SDNN, CV, 
TP, HF, LF, VLF, AMo, SI characteristics are the most 
sensitive ones to the temperature factor. And it is nec-
essary to mention the direct effect of temperature on 
all these indicators except AMo, SI. Thus, in our stud-
ies, we have detected a clear effect of the temperature 
factor on the indices reflecting the activity of the ANS 
sympathetic division. In particular, the transition of 
air temperature from negative to positive region, sim-
ilar to that in the magnetic field intensity, leads to a 
decrease in the activity of the central control circuit, 
a decrease in the predominance of the sympathetic 
division (decrease in AMo and SI) and, accordingly, 
activation of the parasympathetic division of the ANS. 
Similarly to the exogenous factor described above, the 
temperature index causes the activation of the vaso-
motor and respiratory centers and also increases the 
energy-metabolic needs of the male body in response 
to an increase in the ambient temperature.

The next climatic indicator we have analyzed, the 
air humidity, is characterized by the presence of five 
correlation relationships towards the HRV param-
eters. Thus, an increase in air humidity leads to an 
increase in the parasympathetic orientation in the 

Table 1. Summary table, reflecting the influence of abiotic factors on the physiological characteristics of the subjects

Physiological 
characteristics Abiotic factor

Type of autonomic regulation
Vagotonic Normotonic Sympathotonic

BPS, mmHg
t, ºС no influence ↑ winter, ↑aut-wint ↑ winter (Feb, Dec), 

↑aut-wint
К-index, arb. units. ↑ at ↑ К-index no influence ↑∑ t, К (Dec)

SI, arb. units
t, ºС ↑ summer, spr-sum, aut-win ↑↑ summer, ↑spr-sum ↑ at ↑ t, ºС

↓ at ↓ t, ºС

К-index, arb. units. ↑ at ↓ К-index,
↓ at ↑ К-index ↑↑ summer at ∑ t, К ↑↑ autumn at 

↓ К-index 

IARS, point
t, ºС ↑ summer, spr-sum, spr-sum ↑↑ summer, ↑spr-sum, aut-wint ↑ autumn

↑↑ summer at ∑ t, К ↑↑ summer at ∑ t, К ↑↑ autumn at ∑ t, К

Note: autwint is a transitional autumnwinter period at the time that the temperature curve crosses through zero; sprsum is a 
transitional spring-summer period at the moment, which the temperature curve passes through zero; ∑ t, K-index is the combined 
effect of the temperature factor and the perturbed magnetic field; ↑↑ is significant increase in physiological index.

subjects’ heart rhythm regulation (MxDMn, SDNN, 
CV), an increase in vascular center activity (LF), and 
a decrease in the stress index. The atmospheric pres-
sure index has the lowest biotropic value against the 
cardiovascular system’s one. In our studies, we have 
identified only two links between this test character-
istic and HRV parameters: an increase in atmospheric 
pressure leads to a decrease in HR and MxDMn.

The adaptability of the external respiration apparatus 
is largely manifested when the conditions of the ex-
ternal environment change. Thus, as the atmospheric 
pressure increases, the time of forced exhalation de-
creases (TFVC). This fact seems to be quite natural, 
taking into account the higher resistance of air with 
increasing its density. At the same time, there is an 
increase in the indices of Tiffno and Genslar, which 
are integral and which show the developing possibility 
level of bronchoobstructive phenomena. In this case, 
the indices’ growth indicates that the compensatory 
processes occurring in the lungs are directed towards 
the preservation of the bronchial tree optimal airway 
and smoothing the external factors vibrational effect. 
According to the pleiade, one can see that the increase 
in geomagnetic activity (K-index), as well as the in-
crease in air humidity, leads to a decline in the perme-
ability of the lungs within the physiological range, and 
this is typical both for large bronchioles (FEF25) and 
for distal sections of the bronchial tree (FEF75).

Considering the correlation pleiades with respect to 
the gas exchange system, a number of key points can 
be highlighted. Thus, the influence of the atmospheric 
air temperature is manifested in a very definite man-
ner, for which a number of direct relationships can 
be identified. With an increase of this indicator, an 
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Figure 1 Figure 4

Figure 5

Figure 6

Figure 2

Figure 3

increase in the breathing volume BV (L/min) is ob-
served, which leads to a natural increase in minute re-
spiratory volume RV (mL). It is important that in this 
case, an inverse relationship between the breathing 
volume and respiratory rate RR, is traced. Thus, the 

RV parameter increases precisely due to an increase 
in the RR indicator, which is the most economical op-
tion to enhance ventilation processes in the lungs [13]. 
Along therewith, a direct link is established between 
the air temperature and the organism’s energy expen-

Figures 1–6. Indicators of the dynamics of some physiological characteristics, depending on the air temperature and the Kindex 

at the time of the study in the vagotonic male (subject Bo)
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Figure 7 Figure 10

Figure 11

Figure 12

Figure 8

Figure 9

diture, rising of which creates the need to increase ox-
ygen consumption OC, which is provided by the respi-
ratory volume growth.

It is interesting that an increase in geomagnetic dis-
turbance causes an increase in the respiratory quo-

tient RQ, and the latter occurs due to an increase in 
the release of carbon dioxide from the body, which 
may indicate the process of the carbohydrates oxida-
tion activation in the body. Regarding the air humidi-
ty, we have established the same pattern.

Figures 7–12. Indicators of the dynamics of some physiological characteristics as a function of air temperature and Kindex at the 

time of the study in the normotonic male (subject Mv)
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Figure 13 Figure 16

Figure 14 Figure 17

Figure 15 Figure 18

In general, it can be stated that the critical periods 
for the functional state in the male individuals we have 
surveyed are time intervals characterized by positive 
ambient temperatures and transitional spring-sum-
mer and autumn-winter periods of the year, caused by 

the transition of the temperature curve through zero 
point. The presence of certain negative shifts in the 
physiological characteristics that cause a decrease in 
the functional state of the subjects is noted. But still 
the highest peaks of the studied characteristics, which 

Figures 13–18. Indicators of the dynamics of some physiological characteristics, depending on the air temperature and the Kindex 

at the time of the study in the sympathotonic male (subject Zv)
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Figure 19. Correlation of the climaticheliomagnetic character

istics with the main indicators of the cardiovascular system

Figure 20. The correlation pleiad of climaticheliomagnetic 

characteristics with the main indicators of heart rate variability

indicate the disruption of adaptation, are observed just 
under the synergistic action of the temperature factor 
(whatever it is – a positive air temperature or a tran-
sitional period of the year) and a perturbed magnetic 
field. Moreover, certain differences in the dynamics of 
some cardiovascular system characteristics in young 
men of the Magadan Region, depending on the initial 
type of autonomic regulation, have been revealed. In 
the above discussed vagotonic subject, the level of BPS 
does not change in response to the dynamics of the 
ambient temperature during the year, and in the nor-
motonics under examination, the changes in the per-
turbation of the Earth’s magnetic field do not affect the 
systolic blood pressure level. In this case, the subject 
with sympathicotonic tendency in the heart rhythm 
regulation shows no stable characteristics, which do 
not respond to changes in environmental parameters. 
It is worthy to mention that positive air temperatures, 
especially in the combined action of the disturbed 
magnetic field, are stress factors for the normoton-
ic and vagotonic subjects, whereas negative ambient 
temperatures are stressful for the sympathotonics.

Our correlation analysis has revealed the main di-
rections of the meteorological heliomagnetic factors’ 
effect on the analyzed functional status physiolog-
ical characteristics of the men we have involved in 
the survey. So, there is an increase in the level of sys-
tolic and diastolic blood pressure in response to the 
voltage of the Earth’s magnetic field, which was dis-
covered earlier in other studies [14]. There is also a 
tendency of a rise of the BPS and BPD levels in re-
sponse to the low air temperatures effects, that in a 
combination with the wind velocity effect leads to an 
elevation of vascular tone, resulting in an increase in 
diastolic blood pressure. In addition, high values of 
wind velocity induce a decrease in the stroke volume 
and cardiac output (CO). The effect of the exogenous 
abiotic factors on HRV structures is manifested in the 
activation of such a modulation of the heart rhythm, 
which is characterized by the predominance of the au-
tonomic nervous system parasympathetic division. It 
is known that the dominance of parasympathetic in-
fluences provides metabolism with energy, as well as 
the body reactions responding to external disturbanc-
es more efficiently, than sympathicotonia [15, 16]. In 
addition, any abiotic-nature perturbation causes the 
activation of the sympathetic vascular center, which 
may demonstrate the marker ability of this index re-
garding the meteorological and heliophysical factors 

dynamics. The systemic structure of the correlation 
relationships of the external respiration parameters 
indicates a general tendency of the organism’s orien-
tation to support the strategy of economizing applied 
to the functional systems reserves in the process of its 
adaptation to the negative influence of environmental 
factors, manifested by a decrease in bronchial patency 
within physiological norms. On the contrary, the gas 
exchange system in this aspect acts as a system aimed 
at eliminating effects produced by the heliophysical 
and meteorological factors. Thus, one can see an in-
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Figure 21. The correlation pleiad of climaticheliomagnetic cha

racteristics with the main indicators of the function of external 

respiration

Figure 22. The correlation pleiad of climaticheliomagnetic cha

racteristics with the main indicators of gas exchange

crease in the respiratory and cardiac output, reflecting 
to some extent a change in the oxygen transport and 
ventilatory function of the organism in response to 
the positive air temperatures influence, as well as an 
increase in the energy expenditure of the organism. In 
addition, it should be noted that there is a transition 
to the preferential oxidation of carbohydrates in the 
body, caused by the disturbed magnetic field action.
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Abstract
Some results obtained in recording and processing of phono

cardiograms are presented herein. To process phonocardio

graphic signals, a cascade filtration method has been used that 

allows detecting tones of the cardiovascular system in the back

ground noise. The effectiveness of the proposed processing 

method is demonstrated by the results of visualization.
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Introduction 
As is known, the phonocardiographic method for 

diagnosing diseases of the cardiovascular system is 
relevant today in modern healthcare. The phonocar-
diographic method for recording the sound vibrations 
occurring during the work of the muscular and val-
vular apparatus of the heart makes possible to iden-
tify them using a microphone, an amplification unit, 

a specialized filtration unit and a visualization device 
[1]. However, the proper identification of phonocar-
diographic tones of the cardiovascular system is great-
ly complicated by an interference caused by random 
ambient sound vibrations at the time of signal record-
ing [2]. To identify the relevant diagnostic tones of 
the cardiovascular system against the background of 
interference, a problem of an increase in the accuracy 
of detecting the phonocardiographic signal should be 
formulated. An increase in the accuracy of the identi-
fiability of the tones produced by the cardiovascular 
system mainly depends on the choice of the method 
used for filtration (processing) of the phonocardio-
graphic signals. To solve this problem nowadays, there 
are several approaches [3–7], which have the follow-
ing drawbacks: 

– when passing the filter units, the shape of the 
phonocardiographic signals is distorted by noise that 
takes place due to a narrow bandwidth of the signal; 

– smoothing the amplitude and time parameters of 
the signal and clipping the phonocardiographic signal 
may lead to crackling of the identifiable tones of the 
cardiovascular system. 

With the aim of eliminating the identified drawbacks 
of the known approaches, proposed is a cascade fil-
tration of the phonocardiographic signals for sequen-
tial detection of the cardiovascular tone. This fresh 
approach allows eliminating noise on the extended 
frequency bands and thereby clearly identifying the 
tones of the cardiovascular system.

Aim
The aim of our research was to confirm the possi-

bility of applications of the cascade filtration of pho-
nocardiographic signals in sequential detection and 
visualization of the tones of the cardiovascular system.

Materials and methods
Recording and processing of the phonocardiograph-

ic signals were carried out in a human individual, aged 
twenty-five, in the absence of any physical activity. 
The signal was recorded via a microphone, built into 
the head of a stethoscope, at certain points in the aus-
cultation of the heart. The head of the stethoscope was 
used to improve recording of the phonocardiograph-
ic signal on the surface of the chest. Processing was 
performed by the cascade filtration of the phonocar-
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diographic signals utilizing 2 cascades, each of them 
containing the stable Butterworth filters of the second 
order and operational amplifiers. The Butterworth fil-
ters were selected because of their capability to have a 
small flatness of amplitude and frequency characteris-
tics in the bandwidth of the signal and suppress noise 
[2]. The frequency boundaries of the cascade filters 
were selected in such a way that the filter sequence 
passed only the fundamental frequency of the phono-
cardiographic signals. Visualization of the processed 
signals was realized using the Proteus software prod-
uct. The 3D model of the recording and processing 
system was also implemented using the above soft-
ware (see Figure 5 herein).

Results and Discussion
This paper section presents the results obtained in 

processing of the recorded phonocardiographic sig-
nals, based on the cascade filtration method. To il-
lustrate the effectiveness of the developed method, 
conducted was a simulation of the system recording 
and processing of the phonocardiographic signals. 
Figures 1 - 4 herein show some visualization graphs in 
the simulation of our system used for recording and 
processing of the phonocardiographic signals. 

The obtained simulation results have shown that the 
proposed processing method allows properly iden-
tifying the tones of the cardiovascular system in an 
individual under examination. When compared with 
the recorded real phonocardiographic signals, we can 
see that the cascade of filters largely eliminates the in-
terference and increases the diagnostic value thereof. 

Visualization of the processed phonocardiographic 
signals has demonstrated that no pathology has been 
detected and that the identified tones fully correspond 
to the cardiac cycle of the vascular system. For a better 
illustration, we present herein a 3D model of the sys-
tem designed for recording and processing the pho-
nocardiographic signals.

Conclusions
The paper has discussed our original solution of the 

problem of processing the phonocardiographic sig-
nals. It is proposed to use the cascade of the bandpass 
filters for the operational amplifiers. Such circuit im-
proves to a large extent the identifiability of the tones 
against the background interference and thereby al-
lows increasing the efficiency of diagnosing diseases 
of the cardiovascular system.

Figure 1. Recorded (yellow) vs. processed (blue) phonocardiogram 

of the aortic point of auscultation. In both cases: the amplitude is 

plotted on the ordinate, and the time is laid off as the abscissa.

Figure 2. Recorded (yellow) vs. processed (blue) phonocardio

gram of the pulmonary point of auscultation. In both cases: the 

amplitude is plotted on the ordinate, and the time is laid off as 

the abscissa.

Figure 3. Recorded (yellow) vs. processed (blue) phonocardiogram 

of the mitral point of auscultation. In both cases: the amplitude is 

plotted on the ordinate, and the time is laid off as the abscissa.

Figure 4. Recorded (yellow) vs. processed (blue) phonocardio

gram of the tricuspid point of auscultation. In both cases: the 

amplitude is plotted on the ordinate, and the time is laid off as 

the abscissa.

Figure 5.Our 3D model of the system designed for recording 

and processing of the phonocardiographic signals.
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Abstract
The proposed editorial article touches upon aspects of funda

mental medicine associated with the discovery of systems of 

nonspecific adaptation reactions in the organism as a whole. It is 

shown that the key law of the organism's response to the actions 

of the external and internal environment consists in the depen

dence between the reaction quality and the quantity (measure, 

intensity) of an acting factor. Revealed is the historical sequence 

of events in the development of the general adaptation reaction 

theory, beginning with the creation of the theoretical basis of 

pathology, i.e. description of the adaptation syndrome of stress 

reaction by Hans Selye, up to the intimately associated and 

logically continued studies and discovery of antistress type 

reactions, namely, the reactions of training and activation, un

dertaken by Lyubov Garkavi, Maria Ukolova and Elena Kvakina. 

The characterization of archetypes of previously unknown, in

dependent separate symptom complexes is given herein. The 

philosophy of adaptation discrete responses provided by the 

organism to different actions includes a higher stage of research 

progress, when it would be possible to understand the unique 

natural ability of periodic repetition of the adaptation reactions 

tetrad in a very wide range of action intensities.

This is an adaptation software designed by Nature that is strate

gically important for the organism, including different levels of 

reactivity on a scale of absolute magnitude, and this phenome

non, like the D.I. Mendeleev’s periodic law, determines the pos

sibility of forming the qualitatively different states at the same 

level (periods) and generating the states of the same name at 

different levels of reactivity (rows). The same name reactions of 

different levels differ in the nuances of their energy, peroxide 

and morphofunctional status that is important for conduct

ing the controlled nonspecific therapy in order to elevate the 

natural resistance of the organism. Activation therapy is a form 

More than 40 years have passed since Rostov sci-
entists Lyubov Garkavi, Maria Ukolova and Elena 
Kvakina discovered an elegant, harmonious system 
of development of general non-specific adaptation re-
sponses to stimuli of different intensity [1, 2]. And this 
long period of time has become the best corroborating 
evidence for the validity of the laws and regularities 
revealed by the above discoverers. 

In our high-density information environment in the 
technogenicity century, a highly fragile borderline 
between health and disease has been broken due to 
a growing flow of pathogenic influences: cosmic rays, 
radiation, electromagnetic smog, pollution of wa-
ter, soil and air, new generations of viruses, nervous 
system tension, chronic fatigue, and stress itself. The 
streams of medical information abound with offers of 
super-precise, most accurate and reliable diagnostics 
and absolutely unique high-tech methods of treat-
ment and stress removal.

We have at our disposal an expanded network of 
pharmacies, production of biologically active addi-
tives, take drops, medical drugs, immunostimulants, 
but remain still in the Stone Age considering our ig-

of a targeted regulation of protective systems, namely, the ner

vous, endocrine and immune ones, that relies on laws, princi

ples, programmed modes and biotechnology of accompanying 

therapy and functional rehabilitation that is all relevant for a 

new worldview: personalized medicine. This triggering mecha

nism works not in isolation from the individual processes of the 

organism's response, but under due consideration of its identi

fied adaptive response types, as a guideline in the treatment.

This fundamental basis significantly improves the promising ca

pabilities in solving such critical problems of medicine as oncol

ogy, cardiovascular diseases, aging, as well as pediatric, sports 

and space medicine. We hope that translation of the activation 

therapy developments into clinical practice will improve health 

of many people, without any limitations in space and time.
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norance of possibilities, capabilities and mechanisms 
responsible for control of the adaptation at the level 
of a human organism, i.e. the processes of self-orga-
nization.

Is there an alternative to stressogenic environmen-
tal impacts and stress induction? Does the organism 
have its own mechanisms for choosing a response (re-
action) of a quality other than stress? 

The answer is as follows: it is the integrative activity 
of the organism, namely, its ability to produce various 
discrete states: not one, but a number of types of gen-
eral non-specific adaptation responses or reactions, 
which depend on stimulation strength and intensity. 
Many researchers dealt with these problems, but the 
solution was found in Montreal, Canada, by Hans Selye 
in 1936, and later, in 1975, in Russia, by L.Kh. Garkavi, 
E.B. Kvakina and M.A. Ukolova [3-8]. They used the 
most powerful tool of science: the dialectical approach, 
and revealed a quantitative and qualitative pattern be-
tween the strength of the acting stimulating factor and 
the general response, or reaction of the organism. 

However, let us start from the very beginning. Hans 
Selye went down in history of medicine by breaking 
the psychological barrier of the primacy of quality and 
specificity in the organism's response to a stimulus. 
Fascinated by the idea of non-specificity, he concen-
trated his attention on proving an almost incredible 
fact, namely, the stereotypical response by the organ-
ism to strong, excessively high functional loading, dif-
ferent in quality. This great scientific feat of the discov-
ery of a stress reaction was the first attempt to create 
a theoretical basis for pathology accompanied by a 
description of stress as a general adaptation syndrome 
[3-8]. He applied a systemic approach and identified 
a connecting thread of events at different levels of the 
organization, noting changes in the hypophysis, thy-
roid gland, adrenal cortex, immune system, etc.

What occurs in the organism under stress? What 
mechanisms realize this state? 

Upon a single action of the stressor (an extreme stim-
ulus), a three-stage process develops under involving 
of all regulatory and actuating systems: the nervous, 
endocrine and immune ones. The nervous system is 
our radar and translator, which is the first to receive 
a signal, produce a differentiated evaluation of the 
stimulation strength and translate this information. 
Under stress, a state of an acute excitation appears in 
the brain that turns into a protective inhibition. The 
regulator of the internal environment, the hypothal-

amus, sends the releasing factors to the hypothysis 
through the portal system of blood vessels, and, as a 
result, an intensified synthesis of adrenocorticotropic 
hormone (ACTH) occurs against the background of 
a decrease in production of the other regulatory hor-
mones (GTH, STH, TSH). The humoral phase of the 
stress realization mechanism begins. A lack of TSH 
weakens the functional activity of the thyroid gland. 
In the follicles, a thinning, and, in some cases, a com-
plete desquamation of the epithelium takes place; the 
follicles lumen is expanded; a solidification of the col-
loid is observed due to a decrease in the production 
of thyroid hormones. The sex glands also reduce their 
activity. The amount of Sertoli cells, spermatocytes of 
order 1 & order 2 and spermatozoa decreases. In ova-
ries, the formation of primordial and mature follicles 
falls, and the count of yellow bodies increases. 

The main events are found in the adrenal cortex, the 
main target of ACTH. The glomerular zone, which 
synthesizes mineral corticoids, dramatically narrows. 
An area of the fasciolar zone shows a manyfold in-
crease; the cells therein are clarified and vacuolated 
due to an intensified secretion of glucocorticoids, 
ejection of which into blood initiates a pronounced 
reaction of inhibition in the thymic-lymphatic sys-
tem: in the thymus, the lymph nodes and the spleen. 
In the thymus observed are the following involutive 
structural changes: a decrease in the number and sizes 
of lobules, thinning of the cortical layer by increasing 
of the cerebral one with accumulation of cysts. Similar 
changes are observed in the lymph nodes; the amount 
of follicles declines dramatically; the paracortical zone 
is thinned; the count of immune competent cells falls, 
and the Billroth's strands contract. Finally, hyperpla-
sia of the red pulp against the background of the invo-
lution of the white pulp takes place in the spleen. Rare 
and small follicles do not have typical zones filled with 
immune competent cells. The cellular composition 
of blood changes, and lymphopenia, aneosinophilia, 
neutrophilia and leukocytosis are observed. Since the 
time when Hans Selye described the symptom com-
plex of stress, the blood formula is considered to be a 
signal criterion of GNAR (general non-specific adap-
tation reactions). 

The result, or the product of the reaction is a drop 
in the resistance of the organism, a high energy con-
sumption and suppression of protective systems. 

It is important that, according to Selye, protection is 
achieved at the high expense, at the cost of damages 
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and high energy expenditures. The organism's resis-
tance decreases in case of acute stress, and in case of 
the chronic one, when stressful effects take place again 
and again, the resistance becomes extremely low. And 
this is a non-specific background for any pathology. 

However, in our lives, we deal with weak, medium 
and moderate influences in addition to the strong 
ones. Is it biologically reasonable to react to every 
stimulus in the same way? 

Investigating the organism's reactions to different 
stimuli, Russian scientists identified some other, qual-
itatively differing, integral reactions of the organism. 
They were independent, separate symptom complex-
es and other discrete states. It has been found that in 
response to a relatively weak influence, an adaptive 
symptom complex is formed, which is called “the re-
action of training"; “the reaction of activation" is a re-
sponse to a medium, intermediate between strong and 
weak, stimulus [9, 10].

It has been detected in the research that since the 
first hours of the delivery of a weak stimulus (applied 
influences as a weak electric stimulation of the hy-
pothalamus through implanted electrodes, cannulas 
with neurotropic substances, permanent magnetic 
field, feeding with biostimulants of herbal and animal 
origin with the stomach pump), the reaction of train-
ing is produced by the organism with the anti-stress 
nature of the changes. The reaction of training is the 
response by the organism to weak stimulation. This 
reaction is of the daily rhythm type, and it covers cer-
tain stages within the 24-hour cycle and includes the 
stages of orientation, rearrangement and training. All 
the hierarchical levels are involved in this reaction: the 
nervous system, the hypothysis, the endocrine glands 
and the immune system. The symptom complex of 
the training begins with the formation of protective 
inhibition in the brain. Not only cortical, but also sub-
cortical structures react to weak influences in a special 
manner. In the organs, connected with the hypotha-
lamic-pituitary axis, the level of the releasing factors, 
which determine the corresponding level of secretion 
of the tropic regulatory hormones of the hypothysis 
without signs of suppression, gradually increases. In 
the phase of the humoral regulation the level of TSH 
contributes to a functional increase in the secretion 
of thyroid hormones of the thyroid gland within the 
range of the lower limit of the norm. The thyroid 
epithelium is cube-shaped. In this case, the follicles 
remain still poorly vacuolated, but no thickening of 

secretion is available. The gonadotropic hormone of 
the hypothysis produces a moderate stimulation of the 
functional activity in testicles and ovaries. In the ad-
renal cortex the glomerular zone returns to the norm 
with an adequate level of mineral corticoids secretion. 
However, in this case, the glucocorticoid activity of 
the fasciolar zone is at the upper limits of the norm 
that assures a sufficiently high anti-inflammatory 
potential in this reaction. The thymic-lymphatic sys-
tem reaction against such a hormonal background is 
characterized by a slight increase in the thymus mass, 
the absence of disorders in the structure of the lymph 
nodes and the spleen. In peripheral blood, the level 
of lymphocytes is gradually elevated, and the count of 
eosinophils, monocytes and leukocytes is normalized. 

The result of the reaction is a slow increase in the 
passive resistance, a predominance of anabolic pro-
cesses over catabolism and an increase in the anti-in-
flammatory potential.

So, the same functional systems are involved, but the 
produced effects differ.

In response to the stimulus of the “medium" intensi-
ty, which is intermediate between the strong and the 
weak stimulation, the symptom complex of the acti-
vation reaction develops. The activation reaction was 
discovered by L.Kh. Garkavi in experiments with the 
use of electrodes implanted in the brain in animals 
[11-14]. She has detected that this is a general adap-
tation reaction to medium-intensity stimulation. This 
reaction also takes 24 hours and includes the stages of 
the primary and the stable activation. By the degree 
of expression of changes the activation is divided into 
the following subtypes: calm and elevated activation. 
In the process of the formation of the activation reac-
tion, the respective balanced and harmonious condi-
tions for the functioning of the central nervous, the 
endocrine and immune systems are created. Schemat-
ically, the algorithm of changes includes some signs 
as follows. 

The state of the brain is characterized by moderate 
physiological excitation. The processes of excitation 
and inhibition are well balanced, and the physiolog-
ical activation of the hypothalamus releasing factors 
secretion, stimulating an increase in hypophyseal hor-
mones, is noticed. However, their regulatory roles are 
distributed differently than under stress or training. 
TSH, STH and GTH are elevated with reaching the 
upper limits of the norm, and ACTH is in the usual 
status of the physiological norm. The algorithm of the 
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activation reaction humoral phase initiates the func-
tion of the thyroid gland with elevation up to the upper 
limits of the norm. At the same time, the cube-shaped 
epithelium often acquires a cylindrical shape due to an 
increase in the production of thyroid hormones. The 
follicles are filled with the vacuolated secretion. High 
functional activity of the sexual glands is observed: 
the processes of maturation of spermatozoa in the tes-
ticles and the formation of follicles, from primordial 
to mature, in the ovaries are intensified. The adrenal 
cortex reacts by the corresponding re-distribution of 
activity: in the expanded glomerular zone observed is 
a significant increase in the mineral corticoids secre-
tion against the background of a moderate function 
of the fasciolar zone cells; the level of glucocorticoid 
hormones is normal. The reaction of the thymic-lym-
phatic system is characterized by hyperplastic changes 
in the lymphoid tissue. A significant increase in the 
number of lobules of medium and large sizes is ob-
served in the thymus, the cortical zone of the lobules 
is expanded, and, due to the high content of lympho-
cytes, veils the brain substance. In the lymph nodes, 
the paracortical zone with a high content of mature 
lymphocytes is expanded. The count of follicles and 
Billroth's strand filled with immune competent cells 
is increased. Observed are close intercellular contact 
interactions and the formation of the bioinformation 
structures, namely, the associates of lymphocytes and 
macrophages. In peripheral blood, the count of lym-
phocytes is elevated to the upper limit of the norm, 
at the same time the number of eosinophils may de-
crease slightly, and the count of monocytes increases 
and remains within the norm under the totally nor-
mal level of leukocytes.

All systems operate in the mode of physiological in-
tensification without elements of tension and inhibi-
tion. As a result of the reaction, produced are the opti-
mal conditions for an active increase in the organism 
resistance, a balance between the anabolism and ca-
tabolism processes, an efficient energy generation, i.e. 
a balance between expenditure and accumulation of 
the endogenous succinic acid, an activation of the en-
zymatic section, especially SDH, and an enhancement 
in the proinflammatory potential, i.e. the state of har-
monious and effective vital activity of the organism. 

The result of the excellent analytical work performed 
by the teams of our researchers was the discovery 
of the "Law of development of qualitatively distinct 
general non-specific adaptation reactions of the or-

ganism", Scientific Discovery Registration Certificate 
No. 158 issued by the Committee on Inventions and 
Discoveries at the Council of Ministers of the USSR 
to L.Kh. Garkavi, M.A. Ukolova and E.B. Kvakina [1]. 
This is a great discovery in the field of biology and 
medicine. If stress is a non-specific basis of patholo-
gy, then its alternatives are the training and activation 
reactions that serve as a non-specific basis for health, 
quality of life and longevity. 

Thus, revealed was a pattern consisting of the fol-
lowing four reactions: training, calm and elevated ac-
tivation, stress. The pattern has clarified the following 
issues: firstly, the discreteness of the organism's states; 
secondly, the role of each reaction in regulating the 
resistance, i.e. the possibility of targeted control of the 
organism’s state. 

However, the organism’s capabilities turned out to 
be much wider than expected. According to Russian 
Academician Researcher Molchanov, one should hear 
the rustling of a creeping snake and not be blinded by 
a great flash of lightning. 

When carrying out experiments with different stim-
uli in a very wide range of doses, by identifying a gra-
dation of reactions on the scale of absolute values, 
it was found that the pattern of development of the 
reaction sequence, namely, training, calm activation, 
elevated activation and stress, is repeated in different 
ranges of the absolute scale of influences, i.e. at differ-
ent levels of the organism's reactivity. In other words, 
a multi-level, periodically repeating structure of adap-
tation reactions was discovered. 

It is known that the dialectical principle of periodic-
ity is common to animate and inanimate nature.  An 
example thereof is the periodic law detected by D.I. 
Mendeleev for chemical elements with different prop-
erties, which depend on the electronic configuration 
and atomic weight. 

Another illustrative example is a periodic system of 
adaptation reactions, which represents a differenti-
ated, biologically expedient system for selecting the 
organism's response to a great variety of acting stimu-
lating factors, both on the absolute scale (vertical), i.e. 
the reactivity levels, the so-called “floors”, and the rel-
ative scale (horizontal), i.e. the types of reactions [15].

It is just the existence of such a multi-level pattern of 
the adaption reactions, which provides for a flexible 
adaptability and which is an instrument to control ho-
meostasis in different age periods of life. In childhood, 
the levels of reactivity are high, i.e. the "floors” are low, 
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and with age a person ascends the floors higher and 
higher, reducing the level of reactivity. Of course, we 
should strive for the reaction of youth and health. And 
the best of those reactions is activation, so the pro-
posed novel therapy was given the very name: activa-
tion therapy.

Later on, the discoverers and their followers conduct-
ed a huge experimental and clinical research work on 
the development of strategy and fundamentals of the 
activation therapy.

Their new scientific approaches were based on the 
individualization of dose selection and the targeted 
formation of the necessary adaption reaction, the de-
velopment of programmed dosage modes, the control 
of the state according to the signaling criteria of the 
reaction, and other fundamentally important aspects 
of the homeostasis regulation. 

When translating research into the applied activa-
tion therapy, it has been necessary to dwell on the 
development of new methods for correction of neu-
rohormonal and metabolic disorders, which appear 
during aging and tumor growth. It is known that 
there is a great deal in common between the methods 
of the correction, and consequently, between the ac-
tivation therapy factors, too. During a long period of 
time the non-specific stimulation influences of varied 
quality and strength have been tested: from physical 
factors of electromagnetic nature (ultra-low frequen-
cy, ultra-high-frequency and optical ranges), neuro-
tropic drugs (adrenalin, melipramine, etc.), molecu-
lar messengers regulating the hormonal, energy and 
proliferative potential (cAMP, ATP, succinic acid, 
ascorbigen, etc.), herbal and animal biostimulants 
(eleutherococcus, ginseng, leuzea carthamoides, ara-
lia, pantohematogen, mumijo, etc.) up to reactively 
treated water.

Modern technologies for obtaining treated water, 
meeting specific requirements for limitations on con-
centrations of heavy isotopes of hydrogen, particular-
ly, deuterium depleted water (DDW), lead to effects of 
changes in rates of biochemical reactions, restoration 
of intracellular, tissue- and system-related mecha-
nisms of energetics, peroxidation and other metabolic 
processes [16-18]. This is reported by research sources 
from the USA, Japan, China and Russia. 

When carrying out the DDW dosage activation ther-
apy in animals, the following pronounced geroprotec-
tive effect was detected by us: with an increase in the 
occurrence rate of development and stable mainte-

nance of the anti-stressor type reactions up to 100%, 
the effects of restoring the estrous cycle were observed. 

That was an indirect factual evidence for the com-
plex nature of positive changes in the organs belong-
ing to the hypothalamic-pituitary-gonadal axis. 

First of all, aging female rats in our trial studies dif-
fered in the hydrogen isotope deuterium content in 
their organs and blood. At the level of the whole or-
ganism, the stable maintenance of the anti-stressor re-
actions of training, calm and, especially, elevated acti-
vation produced effects on the appearance and motor 
activity of the animals. Besides, in experiments on ag-
ing rats with inoculated sarcoma 45, the use of DDW 
in combination with the experimental chemotherapy, 
showed an evident decrease in tumor volumes and 
accelerated tumor regression. It was verified by his-
tological examination of the tumors in question and 
indicated the involvement of DDW in the formation 
of the non-specific anti-tumor resistance.

Thus, in our experiments carried out in aged ani-
mals, evidence for the possibility to activate the an-
ti-aging and anti-carcinogenic effects produced by 
DDW on the organism as a non-specific component 
of the anti-stressor stimulation has been obtained. 

So, it is just the ageing of the population in the world 
which is one of the causes of the growing cancer inci-
dence rate.

The statistics data of 2015 show that the cancer inci-
dence rate is the highest in the Western Pacific region 
- 32%; 26.4% are recorded for Europe and 3.8% for 
North Africa. 

14 million cases of malignant neoplasms (MNP) 
have been found within the period of 1 year, including 
8.2 million with a fatal termination. The prognosis is 
disappointing: by 2030 the cancer incidence might be 
expected in 21.7 million people, with 13 million mor-
tality cases. 

Adhering to the statistics, it should be noted that in 
the developed countries the number of cancer cases 
are significantly higher than in developing countries. 
Malignant neoplasms cause economic damages reach-
ing hundreds of billions Dollars. The direct medical 
expenditures for the MNP treatment in the USA are 
evaluated to be 216 billion USD, and those in Europe 
amount to 75 billion EUR. 

Since 1960, our Rostov Research Institute of Oncol-
ogy has been developing and implementing most ad-
vanced technologies of the accompanying activation 
therapy used in cancer treatment [19-29]. Among the 
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activation therapy factors an important role is played 
by electromagnetic fields (EMF). This is a complex 
multi-parametric factor that requires an accurate 
selection of a frequency, an intensity and exposure. 
Variants of the applied EMF stimulation may be dif-
ferent: considered can be both the central exposure of 
the head, and the local exposure targeted at the tumor. 

It is well known that the brain is a high-complexity 
built, multi-frequency, system. But we believe that a 
tumor is nothing but an oscillatory system with dif-
fering frequencies, which forms its own chaotically 
varying circuit. It has been evidenced by the specific 
EPR spectra of various tumor tissues demonstrat-
ed by Emanuel and Azhipa in the middle of the last 
century.

According to our engineering specifications, the 
Gradient-2 device was developed, a prototype of a 
large family of the medical devices with a wide fre-
quency range: from ULF MF up to the optical region 
of the spectrum, as well as with scanning frequencies. 

Firstly, we studied a wide range of intensity param-
eters. In our experiments on the model of inoculated 
and induced tumors, a complex nonlinear oscillatory 
dynamics of the antitumor effect in the range of the 
ULF MF intensity from 0.1 to 50 mT was revealed. In 
the said range, the periodically repeated optima of the 
MF intensity were determined, i.e. the regions of the 
range, where a pronounced anti-tumor effect, namely, 
growth inhibition and disappearance of malignant tu-
mors in animals, was observed. 

Then, using the model of chemical carcinogenesis, 
frequency algorithms, which included values close to 
the endogenous brain rhythms (0.03-0.3-3.0-9.0-12 
Hz) were developed, and some mathematical patterns 
were used to vary the strength and time of exposure 
(exponential law, law of random numbers, etc.), al-
lowing to observe the activation therapy principles. 
Actually, we have succeeded in development of a final 
R & D product best suited for introduction of the acti-
vation magnetotherapy into clinical practice

Modern translational medicine offers new opportu-
nities for using experimental developments in clinics. 
Of course, this is not a simple mechanical transfer or 
applications, but rather methods to be adapted to an 
individual. The technology of specific brain stimula-
tion has been developed, and the conceptual princi-
ples of the correspondence of the frequency parame-
ters, the exponential mode of delivery of intensity and 
exposure have been taken into account. 

The use of activation magnetotherapy in the early 
postoperative period in patients with lung cancer im-
proved the results if to compare with the case of the 
only surgical treatment. The total number of compli-
cations and the incidence rate of metastasis decreased, 
and the 3-year survival rate increased. The data con-
firmed the systemic anti-stress effect according to the 
indices of the brain cortical activity. Also, the regu-
latory effect of MF produced on the level of the hor-
monal and immune parameters was established. 

In the treatment of lung cancer the preoperative che-
motherapy is often used. We proposed a modification 
of neo-adjuvant chemotherapy, including exposure 
of blood to electromagnetic radiation of the optical 
range (the red region of the spectrum) before the cy-
tostatics medication. The method allowed improving 
the conventional outcome and obtaining a clearly pro-
nounced effect, which consisted in transferring pa-
tients from the inoperable to the operable state within 
a shorter period, reducing the number of CT courses 
from 2-3 to 1, and good CT tolerability due to reduc-
ing toxic effects.

A similar method was used for chemotherapy of 
breast cancer. The source of electromagnetic radia-
tion was the Gradient-3 device. Inclusion of PCMT 
(Photo-Chromotherapy Method) into the treatment 
schedule improved the immediate anti-tumor effect 
and increased the adaptive potential of the organism 
and quality of life of the patients as compared with 
monochemotherapy.

It turned out that the application of PCMT as an 
independent therapy method had a pronounced pos-
itive effect in the treatment of complicated forms of 
hemangiomas in infants and young children. Without 
the use of radiotherapy, hormonal drugs and oint-
ments, hemangiomas regression was achieved due to 
activated local mechanisms of vascular sclerosis, ele-
vation of the immune status, development and main-
tenance of the integral adaption activation reaction.

The efficacy of the activation magnetotherapy as an 
accompanying factor in chemoradiotherapy has clear-
ly manifested itself in patients with malignant brain 
tumors (astrocytomas, glioblastomas). The remission 
rate increased by 2.3 times, and the progression rate 
decreased by 7 times. Besides, the total and the dis-
ease-free 2-year survival rate significantly increased. 
These circumstances point to the need of expanding 
the clinical applications of the activation therapy tech-
nologies in health care practice.
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Not only the central (to target at the brain), but 
also the local influence of specially selected modes of 
scanning MF can improve the results of the anti-tu-
mor therapy. In this case, we are speaking about the 
experience obtained in onco-urology in the treatment 
of non-muscle invasive bladder cancer, which is char-
acterized by a high rate of recurrence. Conducting 
courses of intravesicular chemotherapy with gem-
citabine medication, with simultaneous exposures 
to SMF and PMF, has elevated the indicators of dis-
ease-free survival by 6 times. The first relapse in the 
reference group was recorded upon expiration of 6 
months, and that in the main group of patients was 
identified after 18 months. Over the past 3.5 years of 
observation, relapses occurred in 36% of the reference 
group patients and only in 6% of those who received 
additional SMF stimulation treatment.

All the stated clinical and experimental examples of 
the effective anti-tumor treatment suggest the rele-
vance and feasibility of development of methods for 
mobilization of protective forces and increase in the 
non-specific resistance by the organism. 

In conclusion, it is necessary to emphasize that the 
formation and maintenance of stable anti-stress re-
actions in the organism is a necessary condition for 
prevention and treatment of any pathological process. 
For this purpose, a theoretical basis for the accompa-
nying therapy of cancer and many other diseases, first 
of all, the cardiovascular, respiratory and digestive 
system diseases, neuro-endocrine and immune disor-
ders has been created. The common conceptual ideas 
of the approaches to the study of stress and anti-stress 
reactions, despite the distances between countries and 
continents the researchers live in, contributed to the 
formation of a unified theory of the organism adapta-
tion reactions as an effective, theoretically substantiat-
ed tool to control the organism state and its resistance. 
This discovery is a public property in possession of all 
people on the Earth, regardless of their age, sex and 
origin, and its scope may cover all spheres of life from 
sport to space exploration, hard work and sanatorium 
treatment. 
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Abstract 
The social problems in any country, related to public health 

and demography, induce developments and production of di

agnostic and therapeutic medical equipment. Such equipment 

belongs to hightech products and requires to be accompanied 
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products on the market under modern competitive conditions. 

The authors hereof substantiate the need to develop intellec

tual services for companies manufacturing hightech medical 
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vices, the peculiarities of the intellectual services market in 

Russia, the special features of hightech medical products pro

motion, as well as instruments for promoting the intellectual 

services by hightech medical equipment manufacturers.
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stituted the basis of the world market, underwent a 
structural transformation and was transformed into a 
demand-side economics that radically differs from the 
previous one. New trends in consumption are typical 
for most areas of production of goods and services, 
including high-tech medical equipment. 

Expansion of the service sector leads to the fact that 
the expertise becomes the main catalysts for the devel-
opment of the economy. Russia, like many developed 
countries of the world, has selected the development 
of an economy based on expertise, or an innovative 
economy, as a priority goal. Despite their scientific 
and practical significance, the studies of the domestic 
intellectual services market behavior  is rather frag-
mentary in literature and is mainly based on the re-
sults of sociological research. Such a situation may be 
explained by the absence of a monitoring system for 
the intellectual services market and its segments in 
Russia.  

In a post-industrial society, the effectiveness of any 
organization is associated with its ability to possess in-
formation and expertise. The main tendencies of the 
post-industrial economy are the following [1]:

– an increase in the intellectual content of goods and 
services, both in the process of production and in the 
process of promotion and sale;

– an adaptation of products to the requirements of a 
particular consumer or group of consumers (product 
customization);

– an orientation of the user, when choosing a pro-
duct or service, not to the price, but to the complex 
of their characteristics and properties, i.e. to the total 
utility of a good or service;

– virtualization of advertising and promotion of 
goods through intellectual information support;

– an increase in the value of companies due to intel-
lectual assets.

Based on the above tendencies, we can note the 
limitations of existing instruments in promotion of 
goods and services promotion in comparison with the 
changes in the customers needs. 

High competition, especially by foreign companies 
offering high-tech products, is typical for the Russian 
national market of medical products. In Russia, the 
production and consumption of medical equipment 
for in-vitro diagnostics and diagnostic imaging, the 
shares of which are 19% and 12% of total consump-

Introduction
The shift in emphasis in the needs of most people 

in post-industrial countries towards individualization 
of services has led to the need for the development of 
intellectual services. Increasing satisfaction and satu-
ration of consumers with conventional and custom-
ary goods leads to the emergence of new needs. The 
supply-side economics, which for a long time con-
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tion, respectively, are the most developed [2]. These 
are precisely those sectors of the market, which pres-
ent the high-tech products. One of the opportunities 
in the competitive struggle with foreign companies in 
these sectors is the support of the high-tech medical 
products with intellectual services.

Nowadays the class of intellectual services is tradi-
tionally associated with consultations, training, as-
sessment, etc. Based on the tendencies of customiza-
tion of the economy, this class should be expanded at 
the expense of intellectual activity, as a component of 
intellectual services for promotion and sale.

1. The concept of intellectual service
To give a definition to the service, two following ap-

proaches are used: an assimilation approach or a syn-
thetic one [3]. In the first case there is no difference 
between the service and the product, i.e. they have the 
same properties, and the differences are considered 
at a qualitative level. In the second case the service is 
considered as a special immaterial product, which can 
be classified in relation to its proximity to the sphere 
of material production or service. At the same time, 
the service is considered as a process of relationships 
between manufacturers and consumers, with both 
parties, which invest different resources, involved in 
this process. In this approach, which is called a "ser-
vice-dominant logic", the result of any organization 
activity is a service, and the material side of the man-
ufactured products is not important [4].

Thus, it is possible to distinguish at least two defini-
tions of the concept of "service":

service as a product of labor, the useful effect of 
which is not in the form of a thing, but in the form of 
an activity aimed at a thing or a person ;

service  as an object of sale in the form of actions which 
satisfy the needs of an individual and benefit him. 

In literature you can find up to a dozen of different 
definitions of the term "intellect", in particular:

intellect (from Latin intellectus “understanding, cog-
nition”) as the general abilities of a person to cognize 
the world, understand and solve problems [5];

as the ability to set goals, build plans and strategies 
for achieving the goal [6];

as the general thinking ability, which allows over-
coming difficulties in new situations [7];

as a set of human abilities that enable to absorb dif-
ferent expertise, rationally think and apply expertise 
and skills in practical activities [8]. 

From the above definitions we see that different re-
searchers understand the concept of “intellect” in their 
own way, but in general, intellect is interpreted as the 
ability to cognize (that is the mechanisms of thinking, 
memory, perception, attention, etc.) and to effective-
ly solve problems through goal-setting, planning and 
implementation actions (adaptation).

The intellectual service is interpreted as the specific 
form of human activity aimed at satisfying the infor-
mation needs of another person or a group of persons. 
Thus, the intellectual service is based on expertise and 
information that satisfy the client’s information need, 
which is formed in connection with the need for the 
client’s adaptation to a new production environment, 
activity or vital activity. In any case, the service pro-
vider transfers, in one form or another, expertise to 
the client, who can use it for practical applications.

Proceeding from this definition, let us mark the fol-
lowing specific features or attributes of intellectual 
services [9]:

a high degree of individualization and uniqueness. 
The intellectual service is completely individualized 
or at least consists of some standard "core" for which 
each client creates his own image;

a close interrelation with communication and infor-
mation technologies;

an image of service is formed both by the client and 
the manufacturer; 

the product total cost is also consisted of the intellec-
tual service added value, which is filled and realized 
due to highly qualified activities and high-tech tech-
nologies.

The peculiarities of intellectual services determine 
the specific nature of the demand for them. Such ser-
vices are not serial, but are carried out at the request 
of a particular client. As a result, the demand for in-
tellectual services is diversified. Only with the passage 
of time, when such a service becomes mass, homoge-
neous (uniform) demand is formed.

Currently, there is no generally accepted classifica-
tion of intellectual services. Thus, according to the 
international classification of goods and services [10] 
and the All-Russian Classifier of Economic Activities 
[11], all existing services are represented by types of 
activity, and there is no special place for intellectual 
services therein. Such a situation indicates that the in-
tellectual services market has not yet developed, and 
the term "intellectual service" is reflected only in a 
number of research papers. Thus, experts of the In-
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stitute for Statistical Studies and Economics, Higher 
School of Economics, referred the following to the in-
tellectual services sector [12]:

– consulting (including IT-consulting); 
– audit;
– legal services; 
– marketing services; 
– appraisal activity; 
– asset management; 
– recruiting;
– advertising and public relations; 
– services in the field of engineering;
– design services;
– realtor services;
– analytical service and so on.
Unfortunately, after 2007 no papers on the theoret-

ical fundamentals of the intellectual services sector 
research has been published.

In foreign countries the services in the field of public 
administration, education and health care are referred 
to the intellectual sector. However, it should be noted 
that in foreign sources instead of the term "intellectual 
service" used is the concept of "knowledge-intensive 
service", that literally means high-tech servicing or a 
single high-tech service. In other words, in English lit-
erature, it is the same thing. In domestic literature, the 
“services” are understood as support of the product 
after its sale, and the “service” that is intellectual in our 
study, the transfer of expertise to solve the consumer 
problem in the process of interaction between the ser-
vice provider and its client. In some cases, such a ser-
vice can be carried out when selling goods, and it also 
represents a process of transfer of expertise, in order 
to reduce the uncertainty of a potential customer as-
sociated with an understanding of the product nature 
and its application. As a rule, such a service is carried 
out with the aim of promoting a new and high-tech 
product in the form of webinars, workshops, confer-
ences, etc. The costs of such events can be included in 
the cost of goods for a buyer, but be free for a poten-
tial client. Thus, L.M. Klikich notes that "intellectual 
service is both an object and a carrier of specific eco-
nomic subject-subject relationship" [13]. The process 
of consumption of such a service, as a rule, is carried 
out in parallel with the production process. Today, 
innovative development of production is associated 
with high-tech, i.e. knowledge-intensive services. Ac-
cording to the European Economic Community clas-
sifier of economic activities, defined are the following 

expertise-intensive services, depending on the level of 
intensity of expertise use [14]:

– market services, except financial intermediation 
and high tech;

– knowledge-intensive, high-tech;
– financial and insurance services;
– other.
We may consider a high-tech service to be a useful 

activity that is the result from a research (high-tech) 
process and the process of interaction with a consum-
er, has a high degree of market novelty and compet-
itiveness, uses intellectual property objects (in the 
form of patents, licenses), generates new types of ser-
vices and intangible assets , changing the technology 
of traditional services in the future [15]. Interest in 
high-tech services arose after the transition of devel-
oped countries to post-industrial society and econo-
my of expertise, which is characterized by the follow-
ing features:

– the increasing role of expertise in production;
– the inclusion of information and expertise in the 

structure of economic activity of enterprises;
– the prevalent role of the production of intellectual 

services, rather than goods;
– the expansion of the education and training sys-

tem, as well as the scope of scientific research;
– the increase in the intellectual and information 

content of goods and services;
– the transformation of innovations into the main sour-

ce of economic growth and enterprise competitiveness.
For any market, the following functions can be dis-

tinguished [16]: informational, intermediary, pricing, 
regulating, optimizing, reorganizing, stimulating and 
social. A new type of relations arising in the formation 
of the expertise economy and the information services 
sector gives new content to these functions.

Informational function. In case of an intellectual ser-
vice, this function, as opposed to similar functions of 
other markets, is more connected with the transfer of 
expertise and / or information about the features of 
high-tech products to the client. 

Intermediary function. Intermediary function in the 
market of intellectual services is designed to solve the 
following main tasks: 

– transfer and distribution of expertise of the intel-
lectual services or high-tech products manufacturer, 
by means of information channels and networks, with 
the purpose of the expertise delivery to potential cus-
tomers with the organization of feedback;
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– search for potential customers, communication 
and interaction with them in order to agree on the 
price and terms of providing intellectual services or 
intellectual products;

– differentiation of intellectual services by standard 
and creative products, formation of an assortment of 
services, coordination of requirements of manufactur-
ers and consumers to the quantity, quality and range 
of intellectual services;

– coordination of the requirements at the place of in-
tellectual services and / or selling intellectual products 
providing, as well as the period of storage of tangible 
results (printed or electronic copies, publications on 
the Internet, etc.) from intellectual services;

– financial support for the implementation of intel-
lectual services, delivery and maintenance of intellec-
tual products;

– an assessment and compensation of risks associ-
ated with transportation, storage, financing and sale;

– transfer of legal property rights to intellectual 
products, which are the results of intellectual activity.

Pricing function. Due to the fact that intellectual ser-
vices are based on innovations, the price of such a ser-
vice is not constant and depends on the requirements 
of the customer, the amount of expertise transferred, 
the level of transferred or used technologies. In addi-
tion, the price of an intellectual service may depend 
not only on its quality, but also on such intangible fac-
tors as the reputation of the service provider and the 
client's confidence therein.

Regulating function. The function is designed to coordi-
nate the supply and demand of manufacturers, sellers and 
buyers of intellectual services based on providing com-
plete sets of data and information that differ in the degree 
of accumulation and dosing of the transferred expertise.

Optimizing function. The function is focused on 
creating expertise that allows you to get the maximum 
profit from its sale under the conditions of the existing 
market and risks.

Reorganizing function. The implementation of this 
function in the intellectual services sector is carried 
out as follows:

– through the organization of professional associa-
tions of intellectual services manufacturers and the for-
mulation of requirements for the competence and re-
sponsibility of the intellectual services manufacturers; 

– through the development and introduction of a 
professional system of the intellectual services quality 
standardization and certification.

Social function. This function manifests itself in the 
following basic forms:

– creation of the proper conditions for effective pro-
duction and consumption of new types of expertise 
in accordance with the requirements of the society, 
interaction and coordination between intellectual ser-
vice manufacturers in the market;

– patenting, licensing and publishing the results of 
high-tech activities for the purpose of moving from 
the individual expertise of individual groups of man-
ufacturers into explicit expertise belonging to the 
whole society;

– formation of employees capable of creating new 
expertise, developing their intellect, memory, initia-
tive and skills;

– reproduction of the intellectual environment of the 
intellectual services manufacturer;

– creation of opportunities to achieve a higher stan-
dard of living for both employees of intellectual ac-
tivity and all social groups of population through the 
growth of real incomes and their purchasing power;

– stimulating the interests of employees in obtaining 
new expertise, intellectual activity as levers for achiev-
ing high economic results.

2. The market of intellectual services in Russia
The market of intellectual services occupies about 

a quarter of the world economy. The development of 
such a market is one of the conditions for the transi-
tion of Russian economy from the commodity to the 
innovative type. The intellectual services market par-
ticipants must have a wide range of expertise in the 
field of marketing, management, business administra-
tion, IT technologies and at the same time be able to 
carry out valuation, legal, PR and other activities.

The uniqueness of an intellectual service is realized 
through the simultaneous use of production and in-
formation technologies on the basis of consumer's 
needs. For today there is no uniform market price that 
is defined by various needs of clients in the intellectual 
services market. The absence of the generally accepted 
concept of the intellectual services and signs of their 
classification leads to the need of creation a certain 
institutional environment that meets the following re-
quirements [17]:

– availability of a guaranteed system for the protec-
tion of intellectual services as special products;

– development of a flexible system of complex intel-
lectual services distribution, both collective and in-
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dividual, on the basis of the formation of transparent 
market prices for them;

– necessity to support Russian companies providing 
intellectual services at the state level.

As noted earlier, an intelligent service has the follow-
ing properties:

– it is described as a product of intellectual activi-
ty, which does not have a marketable form, intended 
for a one-time satisfaction of human and production 
needs;

– it cannot be used repeatedly due to its uniqueness;
– the process of creating and promoting the intel-

lectual activity consists of the collection, analysis and 
presentation of information and expertise.

Intellectual services are either associated with an in-
novative product or they are themselves innovations 
that contribute to the development of the market, 
provoking innovative developer activity, innovative 
consumer potential and its innovative orientation. In 
recent decades, the domestic market for services has a 
tendency to individualize the industries, products of 
which are adapted to the user’s specific needs, so that 
each product unit, in fact, is a product innovation. 
Today the key factors of economic growth (scientific 
and engineering expertise, intangible forms of accu-
mulation, information technology, etc.) are formed in 
the service sector. Profound scientific, engineering, 
structural and other changes in the very sphere of ser-
vices, which increase its contribution to the economy 
development, creating the necessary prerequisites for 
the development of scientific and technical progress, 
have a great importance. At the same time, the rapid 
growth of the intellectual services market is hampered 
by the following factors:

– the methodological issues connected with the defi-
nition of the concept of "intellectual service" and the 
classifying characteristics have not been resolved;

– lack of legal foundations for the intellectual ser-
vices market;

– high risks and uncertainty in the creation and im-
plementation of intellectual services due to unpredict-
ability of the used technologies efficiency, features of 
the industry economy, life cycle estimations and ser-
vice prices, etc .;

– absence or lack of professional staff.
In the scientific and business literature, research on 

the intellectual services market is presented fragmen-
tarily and contradictorily, which can be explained by 
the following reasons:

– historical traditions of the research apparatus of 
theoretical economics focused on studying the pro-
duction (industrial) sector of the economy associated 
with standard services;

– absence of an empirical basis for research on the 
intellectual services market, including post-industrial 
countries;

– absence of methods for studying the post-industri-
al economy markets, in particular, the intellectual ser-
vices market that generates other features of the for-
mation of demand and supply, structure and activities.

The intellectual services market, like any other mar-
ket, is based on economic relations between manufac-
turers, sellers and consumers of intellectual services. 
The difference is that the intellectual service is a spe-
cial kind of welfare aimed at satisfying the information 
needs of the client through the transfer of expertise to 
him from the manufacturer and seller. Such a pecu-
liarity of intellectual services significantly affects the 
formation both of supply and demand, and depends 
on the level of the society development. Manufactur-
ers of intellectual services can organize their activities 
in the following forms:

– hire employees with high professional expertise;
– use employees of another organization to perform 

certain temporary functions; 
– employ experts on a contract basis and use an out-

sourcing.
Thus, the main element of the intellectual services mar-

ket is a company that implements an intellectual service 
along with other services, is directly interested in buy-
ing (renting) and selling these services with the aim of 
generating income. At the same time, such a company 
should have ample opportunities to increase the poten-
tial and quality of intellectual services. For the developed 
countries markets, typical is the participation of the 
state, which determines the rules for the interaction of 
market participants on an appropriate legislative basis.

Some peculiarities in the perception of intellectual 
services and the formation of demand exist on the 
part of the consumer, too. Many companies, especial-
ly small and medium-sized entities, seek to obtain the 
intellectual services they require by using their non-
core business units. For instance, the accounting de-
partment may deal with the audit, the legal depart-
ment with legal advice, the personnel department 
with the selection and testing of personnel. However, 
the proper effect can be achieved only one-time, as a 
rule, by reason of the following [18]:
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– lack of employees with a wide range of expertise, 
focused on satisfying the company's internal demand 
for various and diverse information needs;

– presence of the information needs dynamics re-
lated to the variability of internal and external condi-
tions of the company;

– existence of the main workload for employees in-
volved in performing intellectual services within the 
organization.

Thus, core units cannot completely solve the prob-
lems associated with the company's internal intellec-
tual services that attracts the demand for such services 
from outside organizations. On the other hand, the 
external organization or the manufacturer of an intel-
lectual service can independently adapt the service to 
the client needs, that is, in fact, to make the service 
specifically for the customer. To do this, the customer 
has to participate in the service production by provid-
ing the manufacturer with a description of his infor-
mation needs. As a result, two parties are involved in 
the intellectual services production: a company that 
renders services on the basis of its intellectual resourc-
es and the consumer of the service, who invests his 
information resource therein. The participation of 
these two parties in the intellectual services produc-
tion, as a rule, is not one-time, but is an interactive 
process that requires a certain organization, for exam-
ple, on the basis of an external contract. Interactivity 
concerns not only the production process, but also 
the consumption process, which also differs from the 
consumption of a standard service or a standard prod-
uct, that largely affects the demand in the intellectual 
services market. The fact is that only a trained client 
is able to consume the intellectual services by the fol-
lowing reasons:

– the service’s science intensity presupposes the res-
ence of a certain level and volume of the client's exper-
tise sufficient for the perception of the service and the 
further use of its results in his activities;

– the customer has to be able to formulate his in-
formation needs in the form of information resources 
provided to the manufacturer;

– the intellectual service is not cheap.
In other words, not every client has the need for an 

information service, can describe it and apply its re-
sults in his own production. Consequently, the poten-
tial customer himself must be innovative and have a 
high intellectual potential. For example, the consulting 
intellectual systems development services are not able 

to be consumed by the company which does not have 
experts in the field of expertise base maintenance or 
specialists able to formulate the initial problem. In this 
regard, the ability to adapt intellectual services in the 
post-industrial economy is a limiting factor in the for-
mation of demand. As opposed to standard markets, 
where the need for a product necessarily stimulates the 
demand for it in the market player, in the intellectual 
services sector the presence of need does not yet form 
the demand, but is only one of the factors of the de-
mand. For the occurrence of demand in the intellectual 
services market, it is necessary to combine all the fol-
lowing factors: needs, ability to perceive and solvency.

To date,  the share of the intellectual services sector 
in Russia is insignificant and, according to various 
estimates, ranges from 0.2% to 1.5% of GDP. At the 
same time, on the path of innovative development of 
economy, this market has significant prospects. The 
following factors are an obstacle for strengthening the 
position of the intellectual services market. Firstly, 
even large market participants have no strategic de-
velopment plans. There are simply no services respon-
sible for strategic planning, research and analysis of 
trends in this sector in the organizational structure of 
companies. This situation is determined by the rela-
tively low demand and the lack of these companies' 
desire to form target audiences and diversify their 
market strategies. As a rule, the main strategy of in-
tellectual services manufacturers is to find and attract 
large, regular customers. 

In 2007, the research company Romir conducted 
a study of the segments of the intellectual services 
sphere in Russia [12], in particular, the factors that 
impede the development of the market. The studies 
have shown a shortage of qualified personnel ready to 
professionally work in the field of intellectual services 
after graduation from universities. This situation con-
tinues to the present and is exacerbated by the fact that 
the majority of companies in the intellectual services 
market do not have the financial capacity to organize 
a system of in-house training. In addition, there is an 
outflow of personnel in companies that have training 
systems due to the fact that employees are trying to 
open their own business or move to larger companies. 
Especially, this trend is typical for small companies, in 
which there are no prospects for career growth. Since 
the intellectual capital underlies the creation and pro-
motion of intellectual services, these problems hinder 
the strategic plans of manufactures.
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Another obstacle that has a significant impact on the 
intellectual services sector development is the pres-
ence of the factors limiting the demand. First of all, it 
concerns the traditional sectors of economy, which do 
not have sufficient receptivity to advanced intellectual 
services due to a low self-innovation. The specificity 
of the intellectual service associated with the necessity 
for customer’s involvement in the production of the 
service, increases information risks due to the proba-
bility of leakage of confidential information in many 
companies. To reduce these risks, companies prefer to 
follow the path of their own production of the intel-
lectual services necessary for themselves, spending a 
fair amount of money to improve the skills of the in-
ternal units personnel.

3. Peculiarities of high-tech medical products 
promotion

The social problems in any country, related to public 
health and demography, stimulate the development 
of production of diagnostic and therapeutic medical 
equipment. At present, according to expert estimates, 
the world market of medical products is about 150 
billion dollars, and its major part are the developed 
countries (USA - 48%, EU - 26%, Japan - 17%) [Vanin, 
2015]. It should be noted that the impetus to the mar-
ket  development were an impressive investment in 
medical research and development, support for own 
manufacturers and regulation of sales, efforts to ex-
pand external sales markets, etc. 

In our opinion, the main negative factors affecting 
the medical equipment market are insufficient fi-
nancial investments and fierce competition with do-
mestic and foreign manufacturers [19]. At the same 
time, the policy of import substitution in the Russian 
Federation favors the development of small and me-
dium-sized companies, under conditions of an appro-
priate legislative framework presence. In any case, if 
the company wants to stay on the market of high-tech 
equipment, it will have to make certain structural 
changes related to the strengthening of the role of the 
company's intellectual capital, both in production and 
sale of medical products. As a rule, manufacturers of 
high-tech medical equipment operate in the B2B mar-
ket and are indirectly targeted at individuals, i.e. the 
population. Therefore, when promoting such equip-
ment, it is important to convince the medical staff and 
health-improving institutions administration of the 
offered products usefulness, i.e. both the functionality 

and comfort of use and the increase in revenues after 
their implementation in a particular institution. Such 
an instrument of conviction can be an intellectual ser-
vice aimed at transferring expertise of the developer 
about the product’s technological and methodological 
features, to the consumer of the product [20]. Such 
a system solution, connected with the integration of 
production, sales and promotion of the product, will 
allow the company not to lose its achieved positions 
in the market under actions of many negative envi-
ronmental factors.

The factor of orientation to the well-known market 
of B2B medical products is common  for manufactur-
ers of high-tech medical equipment. For this market 
typical is the presence of experienced consumers able 
to assess the increased due to the intellectual services 
value of the company's products [21]. At the same 
time, when producing and implementing such ser-
vices, it is necessary to take into account the specifics 
of the formation of demand for them by consumers 
under the influence of such factors as need, solvency 
and ability to perceive. Diversification of demand im-
plies the addition of complementary consumer char-
acteristics, which complicates the structure of demand 
for a product or service. Among the leading consum-
ers marked should be the various medical institutions 
of the population service sector, which are active users 
of advanced technologies and innovations, not direct-
ly linked to technology;

– To satisfy the consumer needs, it is necessary to 
maximally individualize the service provided to him. 
Ideally, the process of such a service development is a 
composition of product, organizational and market-
ing innovations;

– The diversified nature of demand is affected both 
by macroeconomic (a country or global level) and mi-
croeconomic (separate enterprise level) factors. The 
worsening of the population living standards reduces 
the demand for medical services:

– Production and sales of intellectual services pro-
vided by medical equipment manufacturers are car-
ried out under the conditions of intense competition 
and under the influence of non-price factors. There-
fore, the company’s success will depend on the quality 
of its services and their compliance to scientific and 
engineering criteria;

– The intellectual services sector in Russia is at the 
stage of formation, and that can be a positive factor for 
the organization, in case of a sufficient investment in 
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the sector’s development in the context of increasing 
the share of the company's intellectual capital;

– According to experts, the Russian national market 
of business intellectual services is one of the most at-
tractive for foreigners. The potential of these services 
is huge, but at present a significant share of the reve-
nues from these services goes to foreign companies. 
In this regard, to promote the intellectual services, the 
company needs to emphasize their advantages and 
distinctions. At the same time, the main factor of suc-
cess in the struggle for an experienced consumer is the 
company's innovative activity.

4. Instruments for intellectual services  
promotion

Promotion of intellectual services in high-tech med-
ical equipment requires a special understanding and 
approach. When planning an advertising campaign for 
promoting the intellectual services, it is necessary to 
take into account that consumers are highly qualified 
employees of various medical institutions, who, in their 
turn, provide services to the population, i.e. intuitive us-
ers. In this connection, when promoting the intellectual 
services, the following two main tasks appear [22]:

– it is necessary to convince medical staff of the pro-
moted equipment utility, both in terms of commercial 
benefits for the organization, and in terms of comfort, 
convenience and reliability of use for doctors;

– it is necessary to show the adequacy of medical 
equipment to the needs of patients.

To solve these tasks, it is recommended to conduct a 
step-by-step advertising campaign consisting of three 
stages. At the first stage the intellectual service con-
sists in stimulating the consumer to search for more 
detailed information about given equipment. At the 
second stage the intellectual service must provide in-
formation materials in an amount sufficient to make 
a purchasing decision. The goal of the third stage of 
marketing promotion is to motivate the consumer not 
only to purchase the equipment, but also to use it.

Analysis of the characteristics of the high-tech med-
ical equipment manufacturers’ activity allows us to 
conclude that the intellectual services promotion de-
pends on internal and external factors. Internal fac-
tors include the imperfection of the organizational 
structure and the lack of qualified personnel in the 
marketing of intellectual services. External factors are 
determined by the peculiarities of high-tech medical 
equipment market and intellectual services sector.

As a rule, there is no marketing department in small 
and medium-sized companies. From the standpoint 
of implementing the intellectual services, the main 
tasks of such a department are the following:

– expansion of consumption segments and conquest 
of the intellectual services market;

– launching of intellectual services on the market;
– exclusive types of marketing used in a given orga-

nization;
– coordination and control of the marketing plan ex-

ecution;
– identification of the need for marketing research;
– preparation for coordination of work budgets with 

company management;
– approval of research, creative, advertising and oth-

er third-party organizations dealing with the intellec-
tual services production and sales;

– analysis of the results obtained during the research, 
development of proposals for the necessary marketing 
activities on their basis;

– management of advertising campaigns for promot-
ing the equipment and intellectual services;

– operative communication with the supply and af-
ter-sales service department and the advertising and 
publishing department. 

Let us consider the main tools for promoting intellec-
tual services that the marketing department can use.

Free medical workshops and webinars. They are 
conducted by an expert with professional expertise in 
the field of both communication and high-tech med-
ical equipment. His aim is to transfer expertise about 
characteristics, features and principles of functioning 
of the equipment to students. Demonstration of the 
equipment functioning and feedback are desirable. 

As a rule, during the workshops, information is given 
to the participants in portions. The first portion has an 
introductory meaning and speaks about the methods 
and features of the produced equipment. The main 
goal of this stage is to familiarize the physicians with 
the products and to form the motivation for obtain-
ing additional expertise. The second portion of infor-
mation is connected with the acquisition of practical 
skills of working with the equipment under the super-
vision of experts, able to explain the main nuances of 
methodological support during a master class. The 
result of this stage should be the doctors' belief in the 
need to purchase the equipment because of its high 
performance characteristics. The third stage is carried 
out in the form of subsequent conferences, consul-
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tations, further training with the aim of exchanging 
opinions and receiving requests from clients.

Participation in exhibitions and conferences. Exhi-
bitions provide an opportunity to demonstrate the 
advantages and competitiveness of equipment from 
the standpoint of a consumer, as well as to identify 
its shortcomings in comparison with similar samples. 
In addition, often at the exhibitions organized are 
round tables, thematic workshops and discussions, 
which provide an additional opportunity to inform 
consumers about the features of the displayed equip-
ment performance. At the exhibition, personal sales, 
networking, demand and public opinion are possible. 
Participation in the exhibition allows you to identify 
the requirements, wishes and solvency segments of 
the target audience. At the same time, an important 
factor is the direct communication between the sup-
plier and the consumer, the aim of which is to train 
doctors in technology of the equipment use in a real 
practice and correct their negative stereotypes. 

Experts come to the conference not only to inform 
about their own research, but also to obtain informa-
tion about the development of other organizations, 
exchange of opinions and networking. Therefore, a 
well-prepared report is a tool for promoting the compa-
ny's products and a means of enhancing its reputation.

Promotion of products and intellectual services via 
Internet. As a channel for disseminating information, 
Internet is the most effective way. There are different 
methods for implementing the marketing strategies. 
From the point of view of expertise transfer, it is most 
acceptable to publish articles and messages contain-
ing information about the produced equipment in the 
following resources: blogs, forums, social networks, 
thematic information portals and own website. For a 
company that manufactures high-tech medical equip-
ment, it is better to organize own thematic corporate 
blog, which will publish articles about products and 
targeted at a specific audience. The advantage of the 
corporate blog is an active feedback from the tar-
get audience, in the process of communication with 
which it is possible to form a favorable opinion about 
the company's products. The publication can become 
an incentive for a potential consumer to obtain new 
or additional expertise about the specifics of using the 
high-tech products.

Social networks also give the company a wide range 
of opportunities. Placing materials in social networks 
can promote the author’s ideas in a specialized com-

munity, for example, in the social networks of medical 
staff. Social networks have now gained great popu-
larity in the Internet and are characterized by a wide 
audience coverage. Social networks unite users by in-
terests, hobbies, thematic groups on professional in-
terests are formed. In B2B sector the most interesting 
are business social networks, such as   LinkedIn.com 
or professionali.ru. Thus, professionali.ru is a closed-
type business social network in Russia, which unites 
more than 1950000 experts according to industrial, 
professional and geographical features.

The importance of one or another method primarily 
depends on the purpose of the equipment. However, 
Internet is the most effective way to promote medical 
equipment, as it allows to combine all the above-men-
tioned methods of communication between the sup-
plier and the consumer [23].

In order to promote intellectual services on a site, 
you can place a section related to the publication of 
the equipment unique features and its promotion. 
At the same time, articles should be understandable 
both for professionals and intuitive users. Such a sec-
tion should have a visitors’ feedback function. Online 
advisers may give the user all the necessary informa-
tion and motivate him to buy. In addition, the training 
materials in a multimedia format, as well as practical 
advice of professionals on the use of equipment, can 
be presented in the considered section.

The customers’ individually ordered training mate-
rials. If the previous instruments were indirectly re-
lated to specific medical equipment, then the training 
materials are directly an intellectual service designed 
to expand the customer's views about the features of 
the product use. Such materials can be prepared in 
various forms, from a multimedia presentation, to a 
training intellectual system designed to advise experts 
in the process of equipment performance. The latter 
option seems to be the most difficult.

Marketing of high-tech medical equipment has a 
following number of features that distinguish it from 
marketing of other types of products [24]:

– the consumers are medical institutions in the B2B 
sector;

– the equipment is operated by qualified specialists 
(doctors), which determine the need for purchase, 
however, the purchase decision is usually taken by the 
heads of medical institutions [25]

– the final consumers of medical equipment are pa-
tients who receive medical services. Their opinions 
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and needs must be used as a motivational component 
of an intellectual service;

– the value of an intellectual service for a consumer 
is non-price;

– most medical institutions are public sector organi-
zations and are centrally subordinated to state struc-
tures. In this regard, the purchase of equipment is also 
carried out centrally;

– modern high-tech equipment for commercial 
medical structures is both an instrument for improv-
ing the quality of service, and a factor in competitive 
activity;

– modern medical equipment is usually very diffi-
cult to operate, therefore, for effective use it is neces-
sary to develop methodological materials realized as 
intellectual services.

When analyzing the marketing strategies of a com-
pany that manufactures high-tech medical equip-
ment, it is necessary to note the impact of the B2B 
market on them. The fact is that the target audience of 
this market is itself actively engaged in the analysis of 
the medical equipment manufacturing market. It has 
already been mentioned above that public medical 
institutions receive equipment by way of centralized 
distribution. Real purchases are carried out by higher 
organizations through a system of tenders. It is con-
sidered that the main thing for winning the tender 
is the correctly composed documentation, which, in 
particular, should contain a competent and clear de-
scription of the product advantages and merits. Thus, 
the preparation of documentation for the tender is a 
kind of publication designed to disclose for the mem-
bers of the commission the features and competi-
tiveness of the proposed equipment. Members of the 
commission are not always practicing doctors, so they 
will be interested in the image and fame of the compa-
ny, as well as a feedback about it and its products. Such 
information can be taken from Internet, so an active 
advertising campaign on the network is important for 
the company’s reputation.

Similar information about the company is also of in-
terest to commercial medical institutions.

The intelligent services production and implementa-
tion presuppose the existence of a high level of intel-
lectual capital in the company. This is due, first of all, 
to the high high-tech expenses when rendering the in-
tellectual services. Such expenses are associated with 
the training of staff engaged in intellectual labor, the 
acquisition and use of high-tech specialized equip-

ment and technologies. In this connection, the mech-
anisms aimed at the growth of intellectual capital are 
the tools for promoting intellectual services. Thus, the 
quality of intellectual services is influenced by such 
factors as communication skills, intelligence, charis-
ma, flexibility of mind and reputation of the company 
staff. The result of an intellectual service is the act of 
transferring information on solving the problems of 
interest to the client, as well as expertise in the form 
of recommendations to prevent problems. As noted 
above, the carrier of such information is an employ-
ee who is well acquainted with the characteristics of 
medical equipment, and at the same time capable of 
clearly and easily presenting his expertise in various 
forms: presentations, scientific articles, reports, rec-
ommendations, etc. For today it is difficult to give an 
example of higher education specialties, focused on 
the training of such staff. The first thing that comes 
to mind is technical writers and journalists. However, 
the first are related to the development of technical 
documentation for use by specialists. As a rule, such 
documentation is provided on the websites. How-
ever, it is difficult to call it an intellectual service in 
form and style of presentation. Perhaps, a journalist 
could give such a form to an intellectual service, but 
he does not possess technical and medical expertise. 
The existing gap in the training of specialists creates 
certain difficulties for the company in the formation 
of mechanisms for the growth of intellectual capital. 
At the same time, in an advertising agency it is diffi-
cult to find a qualified specialist who is familiar with 
the specifics of the medical equipment manufacturer 
activity. It is easier to educate such employees directly 
in the organization, in connection with the specifics 
of production. The fact is that the production, pro-
motion and sale of high-tech equipment is carried out 
by different specialists (doctors, engineers, market-
ers, etc.) who communicate with each other during 
the product life cycle and willingly or unwillingly 
exchange expertise. The problem of customer per-
ception can not be solved without the experience of 
introducing the expertise about the product into his 
consciousness, by means of intellectual services. The 
acquisition of such experience for any organization is 
a progressive training process during which the de-
ficiencies in the transfer of expertise are eliminated. 
The result of such training for the customer consists 
in improving the perception of products by increasing 
the company's innovativeness and improving the level 
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of the staff competence. Improving the perception of 
products stimulates the consumer to re-evaluate the 
individual nature of the service, which, on the other 
hand, encourages manufacturers to create even more 
advanced services. Such a self-organizing manufac-
turer-consumer system creates the conditions and op-
portunities for a sustainable economic growth of the 
company during a crisis.

Conclusion
Post-industrial economy is characterized by an in-

crease in the intellectual content of products (goods 
and services) and its adaptations to the requirements 
of a particular consumer or group of consumers. The 
Russian national market has not yet formed an under-
standing of how important and valuable intellectual 
services are for any business and for the economy as a 
whole. If the share of intellectual production in Russia 
is, according to various estimates, from 2.5% to 6%, 
then in the US - from 60% to 98% of GDP. A distinc-
tive feature of the post-industrial society is intellectual 
property and a high level of development of high-tech 
technologies. It is intellect that plays a key role in the 
development of the expertise economy, because the 
sphere of services and innovative technologies devel-
op just on its basis. In a post-industrial society, infor-
mation and intellect have become a subject of bargain-
ing: information can be exchanged or sold, expertise is 
also sold and bought. Intellect has acquired a kind of 
financial equivalent. Good education and creativity of 
thinking became the basis of human well-being in the 
post-industrial society.

In the field of intellectual services, intellectual cap-
ital is more valuable for organizations than material 
assets. Studies have shown that the success of organi-
zations depends on the availability of effective systems 
for creating, recognizing, obtaining, disseminating 
and measuring the expertise. In many ways, intellec-
tual capital depends on professional training, which 
is a continuous and ever-changing process. Today, 
intellectual capital is the basis of innovation in orga-
nization and adaptation to the market of intellectual 
services. Nevertheless, since intellectual services are 
of a derivative nature, there is reason to believe that as 
the Russian economy is restructured and the scientific 
and technological potential is developed, the demand 
for intellectual services will increase. In this case, the 
quaternary sector can turn into an important source 
of intensive economic growth.

The analysis of the world and domestic market of 
intellectual services allows us to draw the following 
conclusions:

– in the post-industrial economy, those organiza-
tions that have the system of creating, accumulating 
and using expertise on the basis of effective intellectu-
al capital are successful;

– formation and development of intellectual capital 
is impossible without systemic and targeted invest-
ments;

– the most advanced Russian companies have already 
realized the importance of expertise management and 
created special units whose activities relate to the pro-
cessing of expertise and human capital;

– it is necessary to move from a centralized manage-
ment system to a decentralized system based on coop-
eration and harmonization of interests.
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