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Abstract

The exploration of orbital space served as a prerequisite for
the creation of a new direction of medical science in relation to
the very extreme conditions of life of spacecraft crews. Space
medicine, relying on the most modern research methods and
approaches, thanks to the development of new medical devic-
es and the use of unique data analysis algorithms, has made
a significant contribution to the development of telemedicine,
medical cybernetics, and prenosological principles for assessing
the state of human health. The review reflects the main stages
in the development of medical cybernetics and prenosological
diagnostics based on the assessment of the regulatory compo-
nents of the cardiovascular system. Discussed the aspects of the
application of the method of mathematical analysis of the heart
rhythm in relation to the assessment and forecast of the work-
ing capacity of cosmonauts, at the simulating model of micro-
gravity and confinement. Shown the useful methodically apply

for the healthcare of manufacture teams at the plants, passen-
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ger bus driver's employments. As the part of appliance of the
new advance tools of children and adolescents public health
during the educating process at schools. The created system
for analyzing the current functional state of human health and
mathematical models that make it possible to predict its nega-
tive changes make it possible to predetermine the vector of de-
velopment of medicine in the future. The foundations of knowl-
edge gained over the period of more than 70 years of scientific
activity of Professor R.M. Bavsky are reflected in promising areas
of cardiology research using computer technologies - such as

Cardiometry technologies.
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Introduction

A modern scientific approach to the creation of the
theoretical and practical foundations of medicine is
impossible without the use of advances in computer
technology. “Cardiometry” can be considered as one
of the interdisciplinary scientific and practical areas
in cardiology, combining innovative approaches to
non-invasive measurements of the work of the heart
and a detailed analysis of the functional characteris-
tics of the cardiovascular system using the postulates
of medical cybernetics.

The founder of the scientific direction “Medical
Cybernetics” in the USSR and Russia is Anatoly I.
Kitov - the creator of the theoretical foundations of
national medical cybernetics and automated control
systems (ACS) in healthcare. In the period from 1976
to 1983, he published three monographs in which he
formulated the main provisions for the automation
of the processing of medical information, the use of
equipment and technologies for obtaining and pre-
serving medical data.

However, 10 years before the first edition the book
of Vorob'yov E.I. and Kitov A.L. [1] the monography
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by Vasily V. Parin and Roman M. Baevsky “Introduc-
tion to Medical Cybernetics” (1966) was published
[2]. In this book, in contrast to the technical prob-
lems successfully solved by A.IL Kitov, a presentation
of the main problems of medical cybernetics is given.
The theory of information, the theory of automatic
control, the theory of algorithms, etc. are presented.
General questions of biocybernetics are considered.
Cybernetics of cellular and subcellular structures, cy-
bernetics of physiological systems, problems of neuro-
cybernetics, features and principles of interaction in a
“man-machine”-type system. Much attention is paid
to the use of cybernetic methods in diagnostics. The
cybernetic aspects of medical electronics are covered.
The problems of biological control, the main problems
of medical cybernetics, are considered.

Back in 1959, the Scientific Council on Cybernet-
ics was organized under the Presidium of the USSR
Academy of Sciences. As part of the Council, a bio-
medical section was created, headed by Academician
V.V. Parin is known for his fundamental works in the
field of physiology and pathology of blood circulation,
clinical physiology, space biology and medicine, med-
ical electronics and biological cybernetics [3]. With-
out belittling the merits of A.I. Kitov, it can be argued
that the first steps in the field of medical cybernetics
in the Soviet Union were made by Academician V.V.
Parin, and his student R. M. Baevsky, who organized
the laboratory of medical cybernetics (in 1964) with-
in the structure of the Institute of Biomedical Prob-
lems, which he led for more than 60 years. During its
existence, the laboratory under the direction of R.M.
Baevsky, for the first time in the world, important
problems of cybernetics were posed and successfully
solved in relation to space and Earth medicine.

Since the creation of space medicine in the 60s of
the last centuries, the most important task of moni-
toring the health of cosmonauts and crew members of
manned objects has been formed. The solution to this
problem was found using the method of mathemati-
cal analysis of heart rate variability (HRV) based on a
two-loop model of heart rate control. The beginning
of the creation of the method was experiments on dogs
with a transplanted heart. Under the leadership of the
first director of the IBMP, Academician A.V. Lebe-
dinsky, R.M. Baevsky in 1960 together with the out-
standing surgeon V.P. Demikhov, who in those years
performed the world’s first heart transplants in dogs,
organized and conducted an experiment consisting in
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recording an electrocardiogram (ECG) in a dog with
a second (transplanted) heart and examining changes
in their heart rhythm at rest and during physical load.
It turned out that during exercise the rhythm of the
dog’s own heart rapidly increased, while the rhythm of
contractions of the transplanted heart, devoid of nerve
connections with the body, changed with a large de-
lay [4]. As a result of the experiment, one of the most
important conclusions was made, which is now well
known in physiology textbooks about the two-level
regulation of cardiac activity [5].

This discovery was the basis for substantiating the
use of the parameters of the circulatory system when
creating a program of medical and physiological mea-
surements starting from the first animal flights and in
all subsequent human flights. The study of the regu-
latory mechanisms of the heart, blood vessels and the
respiratory system is considered as an indicator of the
adaptive reactions of the whole organism.

Application in Space Medicine

During the first flights, there were no technical
capabilities to register and conduct complex biolog-
ical experiments. Ways to increase the information
content of physiological research in space began to
be obtained by extracting from the minimum set of
physiological signals the maximum information about
the functional state of a person. One of the ways to
increase the information content of the data obtained
was the development of mathematical methods for
processing and analyzing the parameters of heart rate
variability (HRV) and the creation of appropriate algo-
rithms, sensors, instruments, and programs based on
the obtained materials for their use as one of the most
important methods of medical cybernetics.

In those years, there was an active collection and
analysis of data received from the Cosmos. The in-
fluence of space flight factors on the human body the
effect of weightlessness on the cardiovascular system
were regularly reported. General information in the
form of an article by V.V. Parin, R. M. Baevsky and O.G.
Gazenko “Heart and blood circulation in conditions of
weightlessness” was published in 1965 simultaneously
in several reputable journals, in particular: “Cardiol-
ogy”[6], and in English in the journal “Cor et Vasa”
[7]. To improve the algorithm for assessing the regula-
tion of HRV, the laboratory staff, led by R.M. conduct-
ed studies of HRV parameters not only in space, but
also on Earth in people in various conditions of life:



during physical exertion, in physical inactivity, during
the restructuring of the work and rest regime (in
works related to the flights of athletes along the Mos-
cow-Khabarovsk-Sakhalin route), with psychoemo-
tional influences. At that time, ECG signals recorded
on paper tape were manually processed to construct
a heart rate histogram. With the help of a ruler, the
distance between adjacent R-R teeth was measured,
their values were then stuffed onto a punched card.
The computer, which occupied the space of the whole
room, processed these punched cards, and drew a his-
togram.

In the 1980s, continuous recording of an elec-
trocardiogram for 24 hours (the Holter monitoring
method) was carried out for the first time onboard
the Mir orbital station. The method made it possible
to obtain new scientific information about the func-
tional state of astronauts in terms of their vegetative
regulation at different stages of the flight and, most
importantly, in the post-flight period [8-9]. Later,
based on the generalization of data on HRV obtained
in manned flights on the Mir orbital station, in mod-
el experiments and in the examination of groups of
people with different functional states, a mathemat-
ical model was developed that makes it possible to
identify various transitional health states for practi-
cally healthy people. In the space of these states, four
zones are distinguished corresponding to the physio-
logical norm, prenosological, premorbid and pathologi-
cal conditions [10-11]. The model makes it possible to
determine the degree of stress (ST — System Tension)
and Functional Reserves (FR) of the body using the
selected HRV indicators and to construct the space of
functional states in the coordinates of these two vari-
ables. The individual dynamics of the functional state
of cosmonauts during a long space flight depends pri-
marily on the type of autonomic regulation. This can
be seen from Fig. 1, which shows the “trajectories” of
the functional state of the ISS crew members - A, B,
C, D, E and F. The indicators of cosmonauts A and B
during the entire flight do not go beyond the boundar-
ies of the conditional zone of the physiological norm.
Cosmonauts C and D begin their flight in the zone of
physiological norm but end it in the zone of preno-
sological states. Finally, before the flight and during
the entire flight, cosmonauts E and F are in the zone
of prenosological states, and cosmonaut F ends the
flight in the zone of premorbid states. Thus, during
studies of ISS crew members, new scientific data were

obtained on the relationship between the nature of the
body’s adaptive reaction to the action of flight factors
and the individual type of autonomic regulation. It is
shown that stay in weightlessness is associated with
reconfiguration of regulatory systems and transition
to the zone of prenosological states. It becomes clear
that the practice of medical control needs methods for
predicting premorbid conditions and various patho-
logical abnormalities, the beginning of which is an
overstrain of regulatory mechanisms and a decrease
in their functional reserve.

Figure 1. Trajectories of the functional state during a long-term
space flight for ISS crew members - A, B, C, D, E and F

The success of space medicine in the field of HRV
analysis was one of the stimuli for the further devel-
opment of this method. In 1966, the first symposium
on the mathematical analysis of heart rate variability
was held (Chairmen: Parin V.V. and Baevsky R.M.).
The maximum activity of researchers working in the
tield of HRV analysis in the USSR was noted in the
70s and 80s (Zhemaityte D.I., 1965, 1970; Niedekker
I.G., 1968; Vlasov Yu.A. et al.,, 1971; Kudryavtseva
V1., 1974; Voskresensky A.D., Wentzel M.D., 1974;
Nikulina G.A., 1974; Baevsky R.M., 1972, 1976,
1979; Vorobyov V.I., 1978, Kletskin S.Z., 1980, Bez-
rukikh M.M., 1981; Gabinsky Ya.L., 1982). The ex-
perience of many of these studies was summarized
in a monograph published in 1984 [5]. Since the late
1970s, there has also been an increase in the number
of studies on HRV abroad, in Western Europe and
the USA. Currently, up to several hundred papers on
the use of HRV analysis in cardiology, surgery, labor
and sports physiology, and experimental physiology
are published annually in the world. Space cardiol-
ogy, in which the HRV analysis methodology arose
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and gave its first practical results, still retains its
leading position.

At present, the scientific and applied significance
of HRV analysis methods is generally recognized.
Continuous improvement of HRV study methodology
is associated with the rapid development of computer
technology. HRV analysis is currently one of the most
popular methods for studying autonomic regulation
and stress levels. Its use in the clinic and in physiology
is largely determined by the European-American HRV
standards (1996) [12] and the Russian guidelines for
HRV (2001) [13]. These fundamental methodologi-
cal documents over the past 10-15 years have been
significantly supplemented by new experimental and
clinical data. The general approach to evaluating the
results of HRV analysis is to look for the relationship
of each of the separately calculated indicators with
specific functional changes observed in the examined.
The non-specificity of HRV changes is also taken into
consideration; this approach opens great opportuni-
ties for applying this method in a wide variety of ar-
eas. The rapid development of microelectronics and
programming tools has made it possible to create nu-
merous new, much more advanced instruments and
devices for HRV analysis.

In recent years, a comprehensive assessment of the
results of HRV analysis has been used more often. An
example of such an approach is the indicator of the ac-
tivity of regulatory systems (IARS), which has gained
wide popularity [5]. This is explained by the fact that
PARS brings the researcher and practitioner to the use
of the principles of prenosological diagnostics, which
makes it possible to classify functional states accord-
ing to the degree of tension of regulatory systems.
That is why HRV analysis occupies a leading place in
prenosological studies aimed at assessing the func-
tional states of the body, borderline between the norm
and pathology.

If we represent the continuum of the functional
states of the body as a space of states, where each cur-
rent state is determined by the coordinates: the degree
of stress by the ST and the FR, then the problem aris-
es of developing a procedure (method) for calculating
these indicators. To solve this problem, stepwise dis-
criminant analysis was used [14], because of which de-
cision rules were obtained in the form of equations of
a discriminant function with independent canonical
variables. Canonical variables are generalizing indica-
tors that characterize different aspects of the analyzed
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process. As a result of the analysis of a large array of
data of persons with different functional states, two
canonical variables were developed, reflecting HF in
one case, and FR in the other [14]. The presented two
equations of the discriminant function can be consid-
ered as a mathematical model of the functional states
of a person during transitions from the physiological
norm to premorbid and pathological states.

Evaluation of HRV analysis results by the discrim-
inant analysis method has several important advan-
tages. First, the functional state is characterized in the
form of quantitative values of FR and ST. Secondly,
a visual graphical interpretation of functional states
is possible in the form of points on the phase plane.
Thirdly, changes in functional state during repeated
studies or when performing functional tests can be vi-
sually assessed and quantified by a vector connecting
two points in the state space. Fourth, the dynamics of
the functional state can be characterized by a trajec-
tory, which in turn can be described mathematically.
Finally, fifthly, the phase plane perfectly reflects the
group distribution of functional states when examin-
ing various groups of patients or healthy people.

With a probabilistic approach, a quantitative mea-
sure of the presence of a certain functional state can be
considered its probability. The higher the probability
of a particular functional state, the greater its severi-
ty. High risk means a high probability of a particular
event occurring. We are talking here about the devel-
opment of prenosological, premorbid or pathological
conditions. Already with the appearance of prenoso-
logical conditions, the risk of developing pathology
increases compared to the state of the physiological
norm, and in the case of premorbid conditions, the
risk of pathology becomes apparent. Ten condition-
al risk categories for the development of pathology
were introduced. On Fig. Figure 2 shows a conditional
scheme for determining the risk of developing pathol-
ogy for persons with different functional states who
are in space flight conditions [14].

The probabilistic approach opens a fundamentally
new possibility for predicting changes in the function-
al state and assessing the risk of developing pathology.
Here, in addition to determining functional reserves,
the individual type of autonomic regulation is con-
sidered, which makes it possible to judge the proba-
ble speed and intensity of the process of mobilization
of functional reserves during the body’s response to
stress.



Figure 2. Probability of various functional states and risk of pathology development

Application in ground-based model
experiments

Simulation of space flight conditions is an inte-
gral part of the development of orbital astronautics
in studies of the possibility of a long stay of a person
in weightlessness, in a confined space, for great po-
tential for scientific discovery and modernization of
available countermeasure systems in response to sim-
ulated weightlessness and spaceflight environment.
Technological advancements enable effective model-
ing of extreme environmental conditions in terrestri-
al facilities. To date, a vast amount of knowledge has
been accumulated in space medicine and gravitational
physiology, a wealth of research has been accumulated
carried out in experiments with the participation of
a healthy person, subjected, with his voluntary con-
sent, to various environmental factors, including ex-
periments with significant in duration, but weak in in-
tensity effects. These are experiments with long-term
confinement in a hermetic facility or bed rest in an
anti-orthostatic position of the body (with a 6 degree
negative inclination, known as “bed rest”) and one of
the more strong microgravitation model called “dry
immersion” (DI) [15].

One of the largest experiments in recent years
(2010 - 2011), simulating the flight of 6 members of
the international crew to the planet Mars, was the
MARS-500 Project. As part of this experiment, along
with a direct study of the behavior of the crew in an
artificial habitat, closed, limited volumes and per-
forming a serious cognitive load, studies were car-
ried out in parallel groups in different regions of the

country, as well as in the Czech Republic, Germany
and Canada [16-17]. It was shown that, on the one
hand, the human body (crew members) sensitively re-
acts to the conditions of closed volumes, and on the
other hand, in the absence of climatic markers of the
change of seasons, the human body, and in particular
the regulatory components of heart rate control and
microalternation electrocardiographic characteristics
(dispersion mapping), have own endogenous rhythms
of fluctuations with a period of several (60-70 days),
as well as characteristic seasonal changes [18]. Short-
er experiments of recent years (“LUNA-2015" “SIRI-
US-2019”) made it possible to work out monitoring
technologies - studies conducted for a long time or
constantly, and while all study participants remained
within the boundaries of physiological norm or just on
the verge of prenosological states, there has been a sig-
nificant variation in the levels of experienced ST [19].
As such, this approach has demonstrated great poten-
tial to support early detection monitoring and under-
standing of physiological and psychological responses
that occur as a result of specific tasks or activities [19].
In recent years, progress has been made in assessing
the influence of magnetosphere and ionosphere fac-
tors on the humans [20].

Studies under DI conditions have shown that ad-
aptation to microgravity conditions occurs in several
stages and is accompanied by an increase in ST, when,
against the background of a decrease in heart rate, ac-
tivation of the sympathetic link in the regulation of the
cardiovascular system increases, which ultimately af-
fects blood pressure and changes in the duration of the
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night sleep stages [21]. In shorter experiments with DI
(5-7 days), the characteristics of motor activity, body
position, respiration frequency and heart rate regula-
tion were studied. A specific growth of ST associated
with pain that occurs in the vertebral region, accom-
panied by an increase in the space of the intervertebral
discs or in the abdomen, due to compression of the
abdominal region due to the forced “embryo” position
in the immersion bath, was revealed. By the third or
fourth day, complaints of pain decrease and ST falls,
however, the process of adaptation to microgravity
conditions is accompanied by a decrease in the need
to change body position, even during night sleep, a de-
crease in HRV with a decrease in heart rate.

Using new methods at public health:
into working and school medicine
implementation

In the late 1970s - 80s, in space medicine, for the
first time, a fundamentally new approach to health
assessment was developed, based on modern con-
cepts of the theory of adaptation and the doctrine of
homeostasis [23]. The essence of this approach is that
health is considered as a process of continuous adapta-
tion of the body to environmental conditions, and the
measure of health is the adaptive (adaptive) capabili-
ties of the body. The transition from health to illness is
associated with a decrease in the adaptive capacity of
the body, with a decrease in the ability to adequately
respond not only to social and labor, but also to ordi-
nary daily stress. The method of expert assessments
was used as a decision-making algorithm. In the pe-
riod from 1975 to 1978, the IBMP together with the
Institute of Physiology of the Siberian Branch of the
USSR Academy of Medical Sciences under the guid-
ance of Professor R. M. Baevsky and Academician V.P.
Kaznacheev, mass preventive examinations were orga-
nized for about five thousand workers and employees
of the “Sibselmash” plant in Novosibirsk. The work
was organized and conducted by A.P. Berseneva later
in 1981 became the head of the world’s first laborato-
ry of methods for mass prognostic prenosological ex-
aminations of the population at the Moscow Regional
Scientific Research Clinical Institute (MONIKI). The
result of this work was the selection of representative
groups of healthy people who are in states bordering
between the norm and pathology.

These conditions were called prenosological and
the corresponding definition of these conditions was
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included in the Great Medical Encyclopedia [23].
And in 1981, a monograph by V.P. Kaznacheeva, R.M.
Baevsky and A.P. Berseneva “Prenosological diagnos-
tics in the practice of mass surveys of the population”
[24]. Thus, the need that arose in space medicine for a
more detailed assessment of the level of health and its
changes in space flight conditions was an incentive for
the emergence of a new scientific direction - “Preno-
sological diagnostics”.

The theoretical justification for such an assessment
of the level of health, based on the concept of V.P. Ka-
znacheev and R.M. Baevsky was based on the ability
of the adaptive mechanism to provide sustainable ad-
aptation to environmental conditions, which depends
on the FR of the body. High functional reserves allow
maintaining the required level of functioning (FL) of
the main body systems without increasing the degree
of ST of regulatory mechanisms. There is a relation-
ship between FR, FL, and ST, which can be expressed
by a simple equation [12]:

FL =ST x FR

The equation FL = SN x RF is the basis of the preno-
sological approach to assessing the level of health. The
technology of prenosological studies is based on the
measurement of all three components of the equation.
But the key place in this technology is occupied by
the measurement of the degree of ST systems by the
HRYV values. This indicator most dynamically reflects
the various levels of adaptation of the organism to en-
vironmental conditions, while the values of the other
indicators are more stable.

To characterize risk factors and assess their in-
tensity, as well as to assess the presence of patholo-
gy profiles, the results of a questionnaire survey are
used, where each symptom is expressed in conditional
scores. Since the practice of prenosological research is
focused on the study of the cardiovascular system and
the main metabolic and energy indicators: height, body
weight, frequency and depth of respiration, homeosta-
sis can be characterized by measuring the parameters
of the functioning of these systems. However, this still
does not give an integral picture that reflects the car-
diovascular and metabolic-energy homeostasis of the
body. In this regard, A.P. Berseneva [26] developed an
index of functional changes (IFC), which can be used
to obtain a generalized characteristic of homeostasis.

The values of IFC reflect the result of adaptive
responses of the body and make it possible to distin-



guish 4 groups of individuals with different levels of
health (in points) or according to the degree of adap-
tation to environmental conditions [26]. Evaluation of
the level of functioning according to the IFC, for all its
simplicity, provides a systematic approach to solving
the problem of quantitative measurement of the level
of health. This is determined by the fact that the IFC,
as a complex, integral indicator, reflects a complex
structure of functional relationships that characterize
the levels of functioning of the cardiovascular sys-
tem, metabolic and energy systems. Usually, doctors
focus only on clinically significant deviations of these
measured parameters (pulse rate and blood pressure),
which does not allow differentiating different stages of
prenosological and premorbid conditions, therefore,
it is justified to introduce a complex IFC indicator,
which makes it possible to visually and accurately as-
sess the functional state of the body.

However, IFC is not an exhaustive characteristic of
homeostasis. This is just one of its components, which
is used for practical purposes. Usually there are 4 com-
ponents of the conclusion with the corresponding val-
ues for each of the functional states. FL - estimated by
IFC values. CH - is determined by IARS. To assess the
RF - any functional test should be used. For example,
an active orthostatic test (AOP) can be used, the results
of which are expressed in points. Since changes in the
values of the indicators do not always go in parallel, for
example, IFC corresponds to the physiological norm,
and TARS to the prenosological state, the decision is
made on most of the 4 components of the conclusion.
At the same time, a detailed explanation is given in the
text of the conclusion for each of these components.
The conclusion about the level of stress (according to
the analysis of heart rate variability) is specially high-
lighted. The conclusion also notes the main deviations
that require the attention by the physicians.

Pre-nosological conditions that occur during a
long-term space flight can be conditionally divided
into three groups and are the result of: 1) Processes of
reconfiguring regulatory mechanisms to a new level of
functioning, which requires the expenditure of func-
tional reserves and manifests itself in the form of func-
tional stress; 2) A short-term increase in the “price of
adaptation” of the organism to flight conditions, which
may be caused by previous increased loads, for exam-
ple, work in outer space; 3) Prolonged stress on the
regulatory systems of the body, which is caused either
by an increased level of various loads during the flight,

or by a discrepancy between the individual adaptive
capabilities of the body and the real loads of space
flight, or by the presence of hidden disturbances in the
operation of individual organs and systems that were
not detected before the flight. It is the prenosological
conditions of the third group that pose a real danger
of the development of pathological abnormalities and
diseases in flight. The risk of developing such devia-
tions is higher, the more pronounced and prolonged
the prenosological condition is.

The laboratory at “MONIKI” took part in the cre-
ation, together with SSC IBMP RAS, of the mobile
automated laboratory “Avtosan-82” for express health
assessment. In essence, it was a bus equipped with on-
board cybernetic medical equipment and a computer,
in which the principle of health assessment was im-
plemented cosmonauts in relation to the tasks of mass
preventive examinations of the population. Later,
based on the experience of working with Avtosan-82,
a number of automated systems such as Vita 82, Vita
97, Vita 2007 and the like were developed. With the
use of these systems for the period from 1977 to 2008,
more than 25 thousand workers and employees in dif-
ferent cities and various industrial and agricultural
enterprises of the country were examined. The level
of both individual and “collective health” was deter-
mined in the form of an indicator of the “health struc-
ture” or the percentage distribution of people with
different levels of health among the total number of
those surveyed. The following four groups were dis-
tinguished corresponding to the traffic light system:
physiological norm (green zone), prenosological and
premorbid states (yellow and orange zone, respective-
ly) and states with adaptation failure (red zone). Com-
paring the health structures of different enterprises
or different workshops of the same enterprise, it was
possible to judge the impact of production and envi-
ronmental conditions on the health of employees. The
number of persons with satisfactory adaptation var-
ied in different contingents, examined from 5 to 55%.
Persons with functional stresses (W1) from 25 to 40%.
The total number of healthy and practically healthy
persons (H + W1) at all enterprises is quite signifi-
cant - 50-70%. The number of persons with unsatis-
factory adaptation (W2) varied within 11-40%. And
persons with a breakdown in adaptation (K) - from
3 to 13%. In general, the number of people in need of
an in-depth medical examination was about 20-30%
of all those examined, and they, as a rule, had already
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applied for medical help or were registered with a dis-
pensary, but were considered “practically healthy peo-
ple’, since they actively worked hard. But the attention
of medical services in terms of rehabilitation should
have been directed to these individuals. All this made
it possible to assess the need for medical care.

Separately, it is worth dwelling on two areas of re-
search work, which were carried out with the direct
support and guidance of Prof. Baevsky. We conducted
a double study at a large passenger car company, as a
result of which, at the first stage, groups and individ-
uals were identified who were in dire need of specific
health or treatment procedures. Note that the survey
was conducted during business hours. Drivers taking
part in the flight on urban passenger routes. When
conducting a second study, six months later, we were
unable to track the health status of the critically dis-
advantaged drivers who were in a premorbid state, in
particular due to the fact that during this time 2 peo-
ple died due to cardiovascular pathology and several
more were forced to have to leave work for health rea-
sons [27].

Finally, the direction supported and developed by
Prof. Baevsky is the health of children and adolescents.
Under his scientific guidance, for several years, stud-
ies were consistently carried out on groups of student
youth in Moscow, Zelenograd, and several cities in the
Moscow region. At the same time, when using HRV
methods: in addition to revealing hidden disorders
of the disease, such as psychiatric deviations that do
not allow a student to carry out educational activities
in a team, stressful influence on a team of students by
an authoritarian teacher or curator, psychotrauma in
individual students as a result of psychological pres-
sure, identification of “unusual” regulatory patterns,
which, with in-depth diagnostics, confirmed the pres-
ence of tumor processes, excessive mental stress in
high school students that provoked the development
of hypertension earlier - this is a far from complete
list of the application of methods and technologies of
prenosological diagnostics using computer multi-pa-
tient complexes [28].

Conclusion

Medical Cybernetics was formed because of the
penetration of the ideas of methods and technical
means of cybernetics into medicine. Questions of di-
agnostics and treatment, processing, and analysis of
experimental materials, planning of scientific research,
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organization of health care, and even the construction
of new scientific hypotheses - all this becomes the ob-
ject of application of cybernetics. Therefore, it is very
important that the main provisions of cybernetics, es-
pecially in terms of its biological problems, be known
to a wide range of doctors and physiologists working
both in research and medical institutions. The main
element of the system for assessing and predicting the
state of health, apparently, will be information and an-
alytical complexes - computer systems containing pro-
grams for analyzing information, a data bank, artifi-
cial intelligence systems involved in expert evaluation
of data, a knowledge base, and a help system. In these
complexes, conclusions about the state of health, risk
factors and forecasts for the development of diseases
will be formed. And the first successful steps towards
the development and justification of their methodolo-
gy and technology have been developed over the past
50 years under the leadership of R.M. Bayevsky.

R.M. Baevsky was the first in the world to pose and
successfully solve important problems of cybernetics
in relation to space and terrestrial medicine. A system
for assessing the adaptive, functional capabilities of
the body in terms of HRV was created, new concepts
and methods first arose and began to be applied in
space, and R.M. Baevsky was the founder of one of the
important methods of medical cybernetics - the math-
ematical analysis of HRV, which received worldwide
recognition and found application both in applied
physiology and in extensive scientific research around
the world.

Creating an appropriate methodology, hardware,
and software for both space and terrestrial medicine
is a complex task and work should be started on its
solution as soon as possible. As an initial version of
the system, it is possible to use the established meth-
odologies, algorithms and programs, then improve
this system in the development of plans for a phased
examination with the allocation of contingents ac-
cording to the principle of need for a more complete
and in-depth examination using special algorithms
of both the autonomic regulation system and its RF
and all other systems according to as needed. Assess-
ments and forecasting of health conditions, in our
opinion, should be carried out by a multi-purpose
clinical diagnostic complex with a powerful system
of expert assessments built on the principles of cy-
bernetics. Such a complex should include blocks of
a questionnaire survey, psychological testing, assess-



ment of mental and physical performance, examina-
tion of the state of all major vital systems and organs,
biochemical analysis of biological body fluids (blood,
urine and saliva). It is possible to use a few non-tra-
ditional methods, for example study of biologically
active points, or methods, the development of which
is still at an early stage today, and in particular, we
can talk about the method of segmental-spatial pro-
jection of organs and systems.

Donozology is a science-based practical area that
could unite doctors, physiologists, biologists and hy-
gienists with ecologists, economists, engineers, and
technologists. It could involve politicians and cultur-
al figures, government officials and businessmen in
health issues. It is required to start active actions in
order for “donosology” to become what it could be.
The first steps in this direction have already been tak-
en. The journal “Donozology” was created in St. Pe-
tersburg. Until 2019, annual conferences on problems
of donosology were held. But most of the reports at
conferences and articles in the journal were devoted
to general and industrial hygiene, not related to dono-
sology. Only the measurement of the level of health is
the starting point and the main point for solving many
other problems of hygiene and preventive medicine. It
is necessary to have information about the amount of
health of an individual person, at each individual en-
terprise, in each city, district, region, in each country,
as well as an assessment of “collective health”. And only
on this basis it is possible to build forecasts regarding
the further prospects for the development of mankind
and civilization. Moreover, health assessments should
be based on the methods of space medicine, which has
created a reliable scientific and theoretical basis for the
formation and further development of the methodolo-
gy of donosology.

There is great potential for this approach (Big
Data Analytic and Online Analytics) to health risk
assessment to be used both in model experiments, at
space mission and Earth medicine as new cybernetic
methods to support proactive prognostics, diagnos-
tics and health management [29]. Today we can say
with confidence that the methods of “Cardiometry”
- the modern direction of cardiological research are
directly related to medical cybernetics, with the as-
sessment of the status of pre-illness and are largely
consistent with the postulates developed by Profes-
sor Roman M. Baevsky during 70 years of his scien-
tific activity.
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