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Background. Endoscopes with a rigid relay optical system have several advantages over flexible endoscopes and there-
fore are widely used in medicine. The problem remains the predisposition of these endoscopes to the destruction of that
part of the optical system, which is assembled from rigid rod glass lenses. The cause of the damage can be small (up to
one degree) bends of the metal tube in the process of using the endoscope. Failure of the optical part of the endoscope
during surgery can have serious negative consequences for the patient. Objective. The aim of the article is to improve
the optical relay part of a rigid endoscope, aimed at a significant reduction of its destruction due to the bends of the
tube. Methods. To eliminate the damage, the relay part of the optical system is proposed to be assembled from short rod
lenses with spherical ends, which allow for flexible articulation of these lenses. It is proposed to place a special heat-
resistant immersion in the gaps between the spherical ends of the lenses, which ensures the passage of light from one
lens to another with virtually no loss of luminous flux. It is shown that the proposed improvement allows to bend the
tube at an angle of up to 10 degrees without breakage of rod lenses, which is unprecedented for rigid endoscopes. It is
confirmed that the introduction of an additional aberration compensator of two meniscus lenses located between one
pair of adjacent rod lenses into the optical system provides high image quality across the entire field of view, superior to
the image quality of the prototype. At the same time, the distribution of relative illumination in the image plane formed
by the improved optical system remains almost unchanged. Results. Providing greater flexibility of the rigid endoscope
increases its competitive ability. Further improvement of the optical system of rigid endoscopes will create the condi-
tions for the introduction of new minimally invasive surgical techniques that will simplify, reduce the cost and make
endosurgical procedures minimally traumatic.

Keywords: rigid endoscope; rod lenses; endoscope flexibility.
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A principle and procedures for ranking a group of persons according to the functional state of their body in accor-
dance with the value of the indicators of the activity of regulatory mechanisms are proposed. Indicators are calculated by
five-minute electrocardiogram records. Contradictory situations are not excluded, when the condition is better by some
indicators and worse by others. The goal of the work is to improve the hardware and software of diagnostic systems in
terms of decision support software for comparative assessments of functional states for a group of individuals.

The work was performed using the traditional approach to assess the functional states of the human body using
the same set of indicators as in the assessment of the integral complex indicator AIRS.

Developments of the principle and procedures for ranking the group of persons disclosed in the work are pre-
sented in this amount for the first time. The ranking of a specific group of individuals is given as a test check of the pro-
posed software procedures.

Keywords: functional state of human body; activity indicators of regulatory systems; hardware and software
means of evaluation; ranking procedures of group of individuals.

Introduction body, its power and quality, degree of development [1].
The quality and reserves of human health are Therefore, in the research in applied physiology and
largely determined by the state of regulation in the preventive medicine, in clinical practice [2-4], assessing
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the general condition of the human body becomes in-
creasingly common. This condition is obtained accord-
ing to the functional state of regulatory system based on
the study of heart rate variability according to electro-
cardiography data and with the calculation of a certain
number of relevant activity indicators.

Such indicators are widely used in special areas
of medicine, including space, military, sports, and
disaster medicine, as well as in related fields. They are
used to assess the effectiveness of therapeutic, preven-
tive and health measures, conducting various func-
tional tests. In assessing the current functional state of
the human operator (air traffic controller, pilot, driver
of a vehicle, etc.) activity indicators are used in order
to determine his readiness for professional activity,
competitive selection of applicants by their health,
studies of the effects of stress, preventive examina-
tions of population contingents, determining occupa-
tional aptitude and professional selection, etc. [1-5].

These indicators are convenient for such a diverse
application, since they are not specific to distinct dis-
eases and express only the general current state of the
body, its resource and regulatory capabilities as a whole
and the regulation in a person is one in health and dis-
ease [1]. The role of regulatory systems in the human
body is such that under their influence are all organs
and systems and their functioning, their activity de-
pends on the intensity of regulatory influences. Differ-
ent levels of intensity of regulation (normal, insufficient
or excessive) correspond to the respective intensity of
the work of organs and systems, the quality of the reali-
zation of their functions. Therefore, the general condi-
tion of the body can be judged by the activity of its
regulatory mechanisms [1-4]. Regulatory systems activ-
ity indicators objectively reflect the general tone of the
body’s vital activity, regulation of organs and systems
by mechanisms of different levels. These indicators
show regulation’s consistency, balance of such man-
agement, adaptive capabilities of regulation to form
adequate responses to constant changes in external and
internal conditions of life [1-2, 6-7].

The widespread use of these indicators is associ-
ated with their nonspecificity in relation to specific
diseases, with independence from their presence or
absence, as well as with the possibility of using the
assessment of the overall health of a person for differ-
ent purposes. The other advantages of indicators in-
clude the ability to reveal the functional state of the
human body as a whole with the characteristic of func-
tional activity and adaptive capabilities of its regula-
tory mechanisms in ensuring the coordinated man-
agement of various organs and systems, with the dis-
closure of their interaction consistency [1-3].

These indicators objectively express the current
functional state of the body at the time of the survey.
Over time, their values may change, reflecting a
change in the level of vital functions of the organism
in the existing set of conditions.

The widespread use of the method of assessing
the functional states of the human body is supported
by the availability of verified practical medical and
biological bases for understanding the content, mean-
ing and interpretation of these indicators.

This method describes the complex expression
by these indicators of the level of control over the
functioning of the most important life support systems
of the human body. The possibilities of obtaining with
their help a versatile objective medical assessment of
current conditions, as well as opportunities and re-
serves of regulatory mechanisms of the human body
are of the advantages of the method. Followed by the
noninvasive and technological simplicity of survey,
the existence and availability of relatively cheap
hardware-software means, the presence and confirmed
practice, effectiveness of test techniques and results
interpretation, detailed and applied technology [1-3].

The task of evaluation of the functional states of
the human body using the activity indicators of regula-
tory systems is presented in the practice of conducting
examinations in a rich variety. Utilizing the same in-
dicators for different research purposes, for different
methods of their implementation, for different condi-
tions of the human body's vital activity is typical [1-3,
8-12] in the process of conducting examinations
(Fig. 1).

The diversity of practical applications with the
use of these indicators in studies of the state of human
health consists in the possibility to be used for one
person and for a group of people. They are used in the
cases of irrespective and comparative assessments of
functional states. They are suitable for research in
statics for the assessment of current conditions and in
the dynamics when tracking their changes. The same
indicators are considered both when monitoring hu-
man states and when managing them. Research in
both normal conditions of life and in the manifestation
of difficult conditions is possible. It can be weight-
lessness, low oxygen content in the air, high (low)
ambient temperature, high level of acoustic noise, the
effect of vibrations of certain spectra and others. Such
factors may reflect abnormal conditions that are asso-
ciated with the professional activity of a person [1-3].
Studies in standard rest conditions are widespread
[13], as well as studies of the body's reactions to test
stimuli, especially with the targeted study of different
regulatory mechanisms [1-3].

Each of these cases has its own specifics and cer-
tain features in the technology of conducting examina-
tions and interpreting the obtained results. The variety
of practiced schemes for assessing the capabilities and
reserves of the human body indicates one of the main
difficulties in conducting research. It consists in the
need to standardize the boundaries of the values of ac-
tivity indicators, the limits of their change under various
effects [1]. They must be indicated for each tension
level of regulatory mechanisms. The acknowledging for
these boundaries is necessary when calculating and
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interpreting results. For different groups of people with
different categories of age, gender and other features,

these boundaries are generally different.

Ve
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Study of the state of human health using
the activity indicators of regulatory systems

v

of one person
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that interfere with livelihoods
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according to the tests’ responses

Fig. 1. Classification scheme of research options for the state of the human body using the activity indicators of its regu-

latory systems according to ECG data

This paper focuses on the comparative assess-
ment of conditions for a group of individuals accord-
ing to a survey in rest. Such ranking task is the most
problematic in a competitive situation, when it should
be linear, unambiguous, objective, justified, and car-
ried out automatically. The usage of traditional esti-
mates in the number of marks, as in the calculation of
the integral indicator AIRS (Activity Indicator of
Regulatory System) [2], can level out significant ini-
tial differences that are found on the initial scales of
absolute values of indicators. The objectivity of com-
parative assessments is getting blurred. Even small
groups can have several applicants with the same
number of marks and at the same time require a
unique fair linear arrangement of applicants by rank.
The complexes (vectors) of indicators are necessary to
use in their original numerical expression. For them,
however, the notion of “more-less” is not defined. A
special ranking principle and the development of ap-
propriate procedures and software tools for data analy-
sis are necessary to develop, which is the subject of
this work.

In general, the development of linear ranking
procedures for a group of individuals according to the

functional state of their body with the calculation of
the activity indicators of regulatory systems according
to electrocardiography data is relevant and this rele-
vance is associated with the presence of the specified
competitive tasks that require for their solution corre-
sponding software. Moreover, there are some unre-
solved issues about the decision-making on rankings
simultaneously using sets of indicators, including con-
flicting situations. This relevance is also supported by
the presence of several favorable circumstances for
resolving such issues.

The justification of the ranking principle, the de-
velopment of the implementing procedures is dis-
cussed in the second part of the paper. The third part
reveals the meaning and results of the test in the
MATLAB environment of the proposed ranking pro-
cedure using real indicators of the activity of the regu-
latory systems of the human body, which were ob-
tained during the processing of five-minute electro-
cardiogram fragments. The main results and the ap-
propriate directions for their use and development are
presented in the general conclusions. In the first part
of the work, in order to coordinate the development of
ranking procedures with the general scheme for as-
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sessing the functional states of the human body for a
group of individuals and ensuring the possibility of
embedding these procedures in the specified scheme,
the meaning and characteristics of the activity indica-
tors of regulatory systems are analyzed. As well as
analyzed a generalized algorithm for their assessment
using different methods and approach to the interpre-
tation of the results.

The usage of the activity indicators of regula-
tory systems in assessing the functional state of the
human body according to electrocardiography data

One of the main goals of this section is to con-
sider common survey methods and form a generalized
algorithm for assessing the functional state of a group
of individuals according to the indicators of the activ-
ity of regulatory systems. Such algorithm is being
taken as the basis for expanding its functionality. Its
structure will include the developed procedures for
ranking a group of individuals by the level of regula-
tory mechanisms possibilities. The features of the in-
dicators of activity, their evaluation, analysis and in-
terpretation are also considered. And which follow the
meaning of the desired ranking and the approach to its
implementation.

The assessments of the current functional states of
the human body in many methods are based on the po-
sition that heart is an indicator of the adaptation reac-
tions of the whole organism, which are traced in the
electrocardiogram [2]. It is an affordable, convenient
process, which manifests the results of joint work of
regulatory mechanisms of different levels. According to
these results, while using the activity indicators, the
quality of the regulation system can be assessed, along
with its current state, regulatory capabilities and body
reserves [1-2]. The assessment of the general functional
state of the human body, its health using activity indica-
tors are characterized by adequacy, simplicity, accessi-
bility, efficiency, non-invasive examination, transpar-
ency of biomedical interpretation [1-2].

The primary data for assessing the activity of
regulatory systems in this paper are the recommended
for research [1-3] five-minute -electrocardiogram
(ECG) records at rest, lying the back at a sampling
frequency of 1000 Hz and above, and the accuracy of
measured RR intervals within the limits of +1 ms.

During ECG analysis, the changes in heart rate
(HR) from cycle to cycle are often assumed to be the
result of multi-contour hierarchical non-linear control
by regulatory systems, which can be characterized
numerically as indicators of their activity. Therefore,
precisely the heart rate contains the information about
the state of regulation, its quality, including the com-
munication with the outside world. The method for
this regulation evaluation is called the technology of
heart rate variability (HRV). HRV means the variation
in the duration of RR intervals [1-3]. The “scatter
functions” of RR interval durations contain basic in-

formation about the state of the systems that regulate
the heart rhythm [1-3].

The main object of research in this technology is
usually heart rate variability. At first, it is processed in
the time domain as a cardiointervalogram for the ini-
tial variable series of the duration of RR-intervals.
Then this variability is investigated in the frequency
domain by the spectral components of the heart rate
changes in the spectrograms. Probabilistic distribu-
tions of possible values of the duration of cardiointer-
vals in the analyzed records are also investigated. At
each such stage of the HRV analysis, it is described by
whole sets, or groups of quantitative parameters, di-
versifying the management of the heart rhythm by the
complex of the body’s regulatory mechanisms [5, 14].
These parameters are used to calculate standardized
indicators of the activity of regulatory systems, includ-
ing generalized, integrated indicators.

A block diagram of a generalized algorithm for
assessing the functional states of a group of individu-
als using indicators of the activity of regulatory sys-
tems can be presented in this form on Fig. 2. After
preliminary processing of 5-minute ECG records and
obtaining a sequence of the durations of normal RR-
intervals (block 1), one forms a cardiointervalogram
(block 2) (Fig. 3), which bears the modulation of the
considered RR durations. The latter expresses the
work of different regulatory mechanisms that manifest
themselves in different frequency domains (Fig. 4). To
obtain the spectral characteristics of heart rate vari-
ability, the variable range of RR-intervals is pre-
interpolated, thus providing a transition from a non-
equidistant grid of time to equal-discrete for direct
Fourier transform with obtaining the desired spectro-
gram (block 3). Block 4 generates histograms of the
probability distributions of the values of RR-intervals
in the electrocardiogram (Fig. 5).

In accordance with the form of the obtained
characteristics, the required complex of individual
indicators of the activity of the body’s regulatory sys-
tems is calculated for each tested group member
(block 5). Calculations are carried out according to
generally accepted definitions and corresponding for-
mulas. Data processing for different applicants can be
done in parallel, independently of each other.

If during the assessment and comparison of the
functional states of the human body, a complex, integral
indicator AIRS is used, then using the obtained values
of individual indicators for each applicant, the corre-
sponding calculation of the integral indicator is made
(block 6). In accordance with the accepted classifica-
tion [2] of the states of the human body, we determine a
class of the functional state of the organism to which
the applicant's body is assigned in each case by the
AIRS value (block 7). This condition is attributed to the
clinical and physiological interpretation characteristic
of this class (block 8). Block 9 of the generalized algo-
rithm provides a comparative assessment of the func-
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tional states of the participants in the tested group of

people, which is assumed in the general case.

1. Preprocessing of ECG data with obtain-
ing durations of RR intervals

v

2. Cardiointervalogram formation using
variable length RR intervals

v

3. Formation of spectral characteristics of
variable series of RR intervals

v

4. Forming histograms of probabilistic dis-
tributions of RR intervals in the ECG

v

5. Calculation of indicators of the regulatory
systems activity in their absolute terms

v

6. Calculation of the integral AIRS
from the individual indicators

v

7. Classification of the functional states of
individuals in a group by integral AIRS

v

8. Clinical and physiological interpretation
of the functional states of the group

v

9. Comparative assessment of the func-
tional states of individuals in the group

End

Fig. 2. A block diagram of a generalized algorithm for as-
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Fig. 3. The procedure for forming the intervalogram
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sessing the functional states of a group of individuals Fig. 5. Histogram of the probability distribution of the

using indicators of the activity of regulatory systems

Used in the practice of research, the complexes
of indicators of the regulatory mechanisms activity of
the human body express different aspects of the func-
tional state of the regulatory mechanisms [2]. In par-
ticular, to calculate the integral AIRS, reflecting the

values of RR-intervals [2]

overall functional state of the regulatory system of the
human body, a set of activity indicators is considered
(Fig. 6). They express the total regulation effect (A),
automatism function (B), vegetative homeostasis (C),
stability of regulation (D), activity of subcortical nerve
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cents (E). Generally accepted [2] that the assessment
of the state of the body’s regulatory system obtained

in this case is systemic and adequate.

( Integral AIRS )

Components of the assessment criterion of the regu-
latory mechanisms’ activity of the human body

A

B

C|DJ|E

*—1

Total effect of regulation

\—*

Subcortjcal nerve center activity

Function of automatism

Regulatory stability

Vegetative homeostasis

Fig. 6. Biomedical meaning of the components in the composition of AIRS

The peculiarity of the procedure for calculating
the AIRS is that all individual indicators in their com-
plex are considered to be equal in disclosing the state of
the organism and equally important for ensuring its
normal functioning. Indeed, the indicator AIRS is
formed as the sum (with equal, single weights) of esti-
mates (by module) of individual particular indicators of
the state of the heart rhythm regulation system [5]:
AIRS=|A[+|B[+|C|+[D|+]E|

The composing factors are taken into account in
the cumulative result by charging up a certain number
of points. The points are awarded on the absolute val-
ues of the indicators for each participant (Fig. 7) on a
typical scale of the level of dysfunctions [5].

Dysfunctions for each indicator and in general
are considered in two versions, insufficiency (hypo) or
excessive level (hyper) of regulatory activity. The sign
in the number of points reflects the direction of depar-
ture of the indicator value from the norm.

Charged points by their meaning are, therefore,
penalties. The transition from absolute values of indica-
tors to the number of points is associated with the need
for joint consideration of heterogeneous, incommensu-
rate factors. Due to this transition, the resulting effect of
regulation is assessed by summing up the manifesta-
tions of various factors in their general expression.

AIRS turns out to be a general assessment of the
resulting quality of activity management of the organs
and systems of the human body from its regulatory
system. Moreover, in the practice of research, the
normative systems for classifying the states of an or-
ganism according to the values of AIRS are used on
an integer scale from 0 to 10 with the introduction of a
five-level gradation of states [5].

( Integral AIRS )

Components of the assessment criterion of the regu-
latory mechanisms’ activity of the human body

BN S A S A
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Amount of points
-2 -1 0 +1 +2
v

Normal
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< »
N »

Fig. 7. Typical scale of points for functional states of
the human body

With such gradation, the values of AIRS = 0...2
correspond to the functional state of the body with
optimal state of its regulatory systems necessary to
maintain active equilibrium in conditions of changes
in the external and internal environment. AIRS values
= 2...4 indicate moderate tension of regulatory sys-
tems, in which the body needs additional functional
reserves for adaptation to environmental conditions.
The case of AIRS = 4...6 is pronounced tension of
regulatory systems. AIRS = 6...8 is overstrain of regu-
latory systems, lack of protective and adaptive
mechanisms, their inability to ensure an adequate re-
sponse of the body to the influence of environmental
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factors. AIRS = 8...10 is exhaustion (astenisation) of
regulatory systems [2].

AIRS, as well as its individual components, is
not specific to particular diseases, therefore its use
finds a wide range of practical applications. It is pos-
sible to focus on the composition of the factors con-
sidered in the preparation of a set of indicators of the
activity of regulatory mechanisms for an adequate, in

a certain sense, comprehensive and diverse assessment
of the state of the regulatory system of the organism as
a whole.

An example of the results of assessing the func-
tional state of the body of a particular group of 32 peo-
ple according to 5-minute ECG recordings with the
calculation of the indicators of the activity of regulatory
systems and the integral AIRS is shown in Table 1.

Table 1. The results of the assessment of the functional state of the body of a group of individuals using indicators
of the activity of regulatory systems and the calculation of the integral AIRS. Rounded to four meaningful digits in

decimal fraction columns.

PN | Math IMxDMn| IN | CV |HF, % |N1|N2|N3|N4|N5| AIRS | SDNN | AMo | LF, % |VLF, %
1 [919.0| 450 [24.69/9599 (34340 |-1|-2]|-2]|-1 6 88.22 20 38.52 | 13.80
2 |5665| 380 |90.11)1019 2521 |2 |-2|0]-2]0 6 57.73 | 37% | 40.24 | 11.44
3 | 6495| 207 |169.7/5452 25752 |10 ]0]O 3 3541 | 45% | 50.30 | 13.05
4 | 7102 | 502 |26.56]1399(3618 | 1 |-2|-1]-2]-1 7 99.35 20 27.14 | 12.67
5 | 5656 | 445 |96.63]|1202 (33792 |-2|0]-2]-1 7 67.97 43 28.77 | 11.12
6 | 7308 | 360 |71.94|/9.066|2202| 1 |-1]/0]-2]0 4 66.25 | 33% | 38.11 | 7.800
7 15904 | 256 2249|8114 |2335|2 |11 ]-2]0 6 4790 | 63% | 38.35 | 17.38
8 |6880| 485 3379|1469 |2712|1|-2|-1]-2]0 6 101.1 | 19% | 29.85 | 18.77
9 | 7588 | 249 |101.7/7.045|3570|1 |10 |-2]-1 5 53.46 38 43.62 | 13.32
10 | 7611 | 448 |3549[1190|2986| 1 |-1]|-1]-2]| 0 5 90.55 | 20% | 30.58 | 21.59
11 [ 7923 | 393 (40411177198 |1 |-1]|-1]|-2]|1 6 93.25 27 41.43 | 18.20
12 | 638.5 84 [836.6/223712159| 2 0| 2|20 6 14.28 | 845 | 49.30 | 18.74
13 1 680.7 | 546 |29.65/1452 2870 | 1 |-2|-1]-2]| 0 6 98.81 | 22% | 37.30 | 11.43
14 [ 8342 | 293 |93.86{5684 4029 0 |1 |0 ] 0]|-2 3 47.41 44 31.46 | 12.74
155609 | 158 |304.9(5127 (3416 2 |0 |10 |1 4 28.75 53 37.48 | 16.34
16 | 7609 | 381 |42.65/1211|2508| 1 |-1]|-1]-2]| O 5 92.15 26 29.01 | 16.63
17 [ 696.0 | 793 |2837[1122 (4234 |1 |-2|-1]|-2]| -2 8 78.07 27 33.84 | 10.91
18 [ 659.1 | 281 |96.88|9645|2448| 2 |1 |0 |-2]| 0 5 63.57 | 32% | 36.62 | 16.94
19 | 567.6 | 300 |174.7|6.244 3768 2 |-1| 0 |-2]| -1 6 3544 | 57% | 42.16 | 8.598
20 | 1074 | 1135 |6.461|1588 5386 |-1|-2|-2|-2| -2 9 170.6 | 14% | 26.09 | 8.622
21 | 6643 | 683 [32.80[1347 (38761 |-2|-1]|-2]|-1 7 89.48 | 29% | 31.50 | 12.66
22 16643 | 688 [32.80{1347 (38761 |-2|-1]|-2]|-1 7 89.48 | 29% | 31.50 | 12.66
23 16175 | 353 [80.26/9874 4754 2 |10 ]|-2]|-2 7 60.97 34 28.97 | 10.62
24 | 5272 | 576 [723411282|1751 |2 |20 |-2]1 7 67.60 | 41% | 41.17 | 22.99
257107 | 282 |7345|8710|2550| 1|10 |-2]0 4 61.90 29 37.62 | 26.64
26 | 7905 | 276 [90.18|7.23312544|1 1|10 |-2]0 4 5717 | 37% | 48.96 | 16.36
27 17909 | 359 (9285/6.073[425 |1 |-1]0]-2]-2 6 48.03 50 43.12 | 8.405
28 | 1043 | 599 [1341]1371)2401|-1|-1]|-2|-2] 0 6 1432 | 17% | 35.65 | 14.79
29 | 5873 | 224 |204.3|1543812182| 2 |1 ]|1]0]0 4 31.94 | 50% | 50.20 | 12.28
30 | 734.7| 353 |70.82] 794352041 |-1]0]|-2]-2 6 58.36 35 29.68 | 7.496
31 |579.6| 551 [95.69|7.750[58.05| 2 |-2|0|-2]|-2 8 44.92 58 31.23 | 6.294
321679.0| 366 |67.96/8476[4874| 1 |-1]0]-2]|-2 6 5755 | 32% | 28.44 | 9.361

In Table 1, the 6th, 15th, and 16th data columns
express the total weights of the spectral components of
the duration variability of the normal RR intervals in
percent in the frequency subbands HF, LF, and VLF.
Estimates of activity indicators in points are given in
columns 7-11. The value of AIRS is in the 12th col-
umn.

The results show that the linear ranking of the
functional states of the human body in a group of in-
dividuals using the AIRS is not provided. The same
number of AIRS points is repeated for several per-

90

sons, although there are significant differences in the
initial values of the individual indicators, which con-
tributed to the differentiation of individuals by rank,
but are erased when moving to the scoring.

In general, and considering the details, the inser-
tion point of the procedure for ranking a group of per-
sons according to the functional state of the body’s
regulatory system in the considered algorithm can be
the output of the block for forming absolute values of
activity indicators. Particularly, before they are con-
verted into points, before leveling the differences im-
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portant in ranking for the values of indicators in dif-
ferent persons. In the generalized algorithm, this point
is the output of block 5. The initial data for the rank-
ing will be the sets of values of the activity indicators
for calculating AIRS. The approach, principle and
procedures for ranking a group of individuals will be
built with a detailed account of the noted features of
the indicator sets.

The principle and procedures for ranking a
group of persons in the scheme for assessing the
functional states of their body according to the in-
dicators of regulatory systems activity

The principle and procedures of ranking are con-
sidered for the competitive task of the functional states
of the body in a group of individuals, in which each
applicant must receive a different rank. The choice of
the ranking principle here is decisive in the develop-
ment of this procedure.

This principle is adequate to such task, if the
ranking is systematic and the comparison of states is

diverse. Fair decisions are required; the worst indica-
tor for a state of higher rank cannot be worse than the
worst indicator of any state of a lower rank. Decisions
must be objective. They should be formed in auto-
matic mode without taking into account subjective
assessments. Conflict-free ranking decisions are re-
quired. There should not be unresolved situations, for
example, since in some indicators the state is better,
and in others — worse. The approach to decisions must
be based on evidence. Rank decisions must be con-
firmed by irrefutable quantitative indicators.

The key issue in such a case becomes ensuring
the unambiguous fair decisions about ranks when us-
ing sets of indicators that have a number of features.
For their analysis, indicators for calculating AIRS
were taken during the examination at rest. Let us con-
sider a summary of the data in Table 2, conditionally
assuming them to be normative for the boundaries of
the values of indicators in different states for a certain
category of persons examined.

Table 2. An example of a characteristic of a set of activity indicators of human regulatory systems for calculating

AIRS of various functional states of the body.

A | Total effect of regulation M, sec
+2 | Severe tachycardia <0,66
+ 1| Moderate tachycardia [0,67...0,80]
0 Normocardia [0,81...1,00]
-1 | Moderate bradycardia [1,01...1,20]
-2 | Severe bradycardia >1,20
B | The function of automatism SD, sec D/M CV, %
+2 | Stable rhythm <0,02 <0,10 < 2,00
+1 | Severe sinus arrhythmia >0,10 > 0,30 > 8,00
0 Moderate sinus arrhythmia [0,11...0,30]
-1 | Moderate automatism disturbance > 0,45
-2 | Severe automatism disturbance >0,11 > 0,60 > 8,00
C | Vegetative homeostasis D, sec AMo, % Sl, c.u.
+2 | Severe sympathetic nervous system (SNS) overload <0,06 >80 > 500
+ 1| Moderate SNS overload <0,15 > 50 > 200
0 | Vegetative homeostasis retained [0,15...0,30] [30...50] [30...50]
-1 | Moderate parasympathetic nervous system (PNS) overload > 0,30 <30 <50
-2 | Severe PSNS overload > 0,50 <15 <25
D | Regulatory stability CcV, %
+2 | Dysregulation < 3,00
0 | Stable regulation [3,01...6,00]
-2 | Dysregulation > 6,00
E | Subcortical nerve center (SNC) activity S,/S, % SJS, % Su/S, %
+2 | Pronounced gain >70 > 25 <5
+1| Moderate gain > 60 <20
0 Normal activity of SNC [40...60] [20...30]
-1 | Moderate decrease <40 > 30
-2 | Pronounced decrease <20 > 40

Such features are essential for ranking states by a
complex of similar indicators. They have generally ac-
cepted definitions. The order of their evaluation accord-
ing to ECG data is regulated. Interpretation of indica-

tors is standard, but they are heterogeneous in meaning.
They have, in general, different dimensions and con-
tinuous scales.
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These scales and their subranges are different for
the norm and dysfunctions of different nature and level
that depend on a contingent of individuals.The values of
the indicators are used as criteria for ascertaining the
norm and dysfunctions.

The regulation is expressed excessively or weak-
ened. There are two types of indicators, dysfunctions
can grow with the growth of their values or vice versa.
The breakdown of the range of indicator values is
similar. The norm interval is in the center and the fol-
lowing intervals are of different sizes. It is bigger for
dysfunctions of a greater or lesser degree. Therefore,
the indicators cannot be directly combined into a sin-
gle numerical indicator. After the normative conver-
sion to an integer number of points (0, 1, 2), they ex-
press the rate or level of dysfunctions. Numeric values
are supplied with a sign (“+” for the values of “hyper-
7 and “~” for “hypo-"). By their meaning, in all cases
the points awarded are penalties.

These features express the conditions in which
the ranking principle should be chosen. As a first step
in the formation of this principle, an agreement on

which ranking result will be considered appropriate is
required. Let the best functional state be assigned a
higher rank, the worst states will be given the last
places in the list. The ranking will be considered cor-
rect if the worst indicator of the state of a higher rank
is not worse than the worst indicator of any state of a
lower rank. The worst indicator of the applicant will
be called a key indicator.

Then the applicant with the worst key indicator
can be assigned the lowest rank and the other appli-
cants can be dealt with the same way. This is rational,
since the worst indicator limits the level of the func-
tional state of the organism as a whole. In particular, if
a “breakdown” of a normal state occurs according to
one indicator, then the state as a whole cannot be con-
sidered normal. Similarly, when detecting various
dysfunctions.

Thus, it was advisable to adopt the principle, the
main points of which are reflected in Fig. 8. In order
to ensure the commensurability of the indicators,
which are different in meaning, let us pass in a special
way to their relative values in percentages.

The principle of ranking a group of individuals
by their regulatory systems’ activity

v

1. Move from the absolute values of the regulatory systems’ activity
to their relative values

v

2. In each set of indicators identify the worst
and choose it as the key indicator when comparing states

v

3. For a group of competing persons, determine the worst value of their key
indicator and assign the corresponding individual the lowest free rank

v

4. In the remaining group of persons in the same way determine the worst
state and repeat until the final formation of the ranking list

Fig. 8. The main setup of the principle of ranking a group of persons in terms of the regulatory systems activity

The ranking list is formed from the bottom up
and the validity of decisions about ranks is main-
tained. For each person the type of key indicator and
the value in percent are determined, which makes all
decisions justified. The relative values of the indica-
tors are given a meaning similar to the penalty points
when calculating AIRS (Fig. 9).

The greater the departure of the indicator value
from the norm, the greater is its relative value. The
growth of this indicator value reflects a deterioration
of the condition and this can be traced continuously

along the entire scale. Full possible departure is taken
as 100%. The central point of the norm interval is
considered as zero.

There are two worst relative values: +100% and
—100% (in the direction of excessive or insufficient
regulation). Within the limits of +100% departures,
five subranges are usually being distinguished: norms
and two for each (left and right) dysfunction of two
levels. On the total range of 200%, lets allocate
equally 40% for each subrange, as when charging the
integer points for calculating AIRS. The subrange of
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the norm is divided by the center point in half. As a
result, we obtain a piecewise linear characteristic of
recalculating absolute values of the indicator into rela-
tive values. Two examples of recalculation are shown
on the Fig. 9.

For indicators of the second type (higher value
means lower activity), the right and left parts of the
graph are swapped, and the formulas are adjusted. The
proposed procedure for ranking a group of individuals
by a complex of heterogeneous indicators of the regu-
latory systems activity is implemented in the
MATLAB environment.

( Value ranges of indicator x )
Ranges “—” ‘ ‘ Ranges “+” ‘
+100 *100
1\ % x.% %
X
+60%
/ 0,
X} X o/ T M
/1 X1 X2
20% / Xo : X .
x % i
-60% :
- 20% 20%
100% oA
3 100% |
40% 40% 40%  40% 40%

Fig. 9. Piecewise linear characteristic for recalculating
the absolute values of the activity index into rela-
tive values

Test verification of the ranking procedures of
a group of persons according to the functional state
of the human body using the activity indicators of
regulatory systems

The purpose of the study is to verify the correct-
ness of the implementation of the developed ranking
principle and its viability. The processing of com-
plexes of indicators from Table 1 is considered, ob-
tained for a group of persons according to the ECG at
rest. The choice of key indicators is shown in Table 3.
The results of the ranking with their justification are
disclosed in Table 4. For example, the participant at
number 4 of the original list occupies the 23rd rank
position, its key indicator is SDNN (70.67%). The
indicators of all participants of a higher rank is lower
(better) than of number 4. All the rest have more
(worse) relative indicator values. The analysis of such
data shows a positive test result.

A flowchart of the ranking procedure as a whole
and a summary of the formulas are presented in
Fig. 10.

For the implementation of the procedure, regula-
tory data on the subrange boundaries of the contingent
indicator values of the tested persons and the results of

the evaluation of their indicators are required. The
ranking will be done automatically.

Similar tables for the subrange boundaries and
recalculation characteristics can be obtained (consider-
ing the surveyed contingent) for the deviations of the
indicators arising from different tests. The ranking
procedure remains the same.

Conclusions

1. The principle of a fair linear conflict-free
ranking of functional states of the human body for a
group of individuals according to the values of sets of
activity indicators of regulatory mechanisms, calcu-
lated according to data in five-minute ECG records,
has been developed.

The ranking decision of the current state of each
participant is confirmed by an irrefutable numerical
indicator.

2. The validity of the development is confirmed
by a test check on real data from a survey of a group
of individuals.

The developed software procedures can be used
in the problems of improving the hardware and soft-
ware of systems for assessing the functional states of
the human body according to the activity of the regu-
latory systems.

Conducted studies show the feasibility of further
in-depth study of such procedures for their implemen-
tation in practice.
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1. Transformation of the absolute values of
individual indicators of activity of a group
into the relative values

v

2. ldentification of the worst value from
relative ones for each person in group

v

3. Formation of the original group

v

4. Determining the person with the worst
relative value of the activity index

v

5. Assignment the next free lowest rank in the
general list of persons to the found applicant

v

6. Formation of the next subgroup

v

7. Formation and issuing a final ranked list
of a group of applicants

v

8. Formation and issuing justification of
ranking results of a group of applicants

End
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PAHXYBAHHA ®VYHKIHIOHAJIbHUX CTAHIB OPrAHI3SMY TPVYIIM OCIb 3A
[NOKA3HUKAMU AKTHUBHOCTI PETYJIATOPHUX CUCTEM, IO OHLIHIOKOTHCA 3A
JAHHMMU EJJEKTPOKAPJIOT PA®II

O06'ekTOM JOCHTIHKEHb € TEXHOJOTI] OIiHKM (PyHKI[IOHANBHUX CTAaHIB OPTaHi3MY JIIOJAMHHN 3a JaHUMH €JIeKTPOKapaior-
padii 3 BUKOPHUCTaHHSAM ITOKa3HUKIB aKTHBHOCTI PEryIATOPHUX CHCTEM Horo opraHizmy. lIpeameroM po3pobok €
MPUHIIAI 1 TPOLEAYPH PAH)KyBaHHA IpynH ocid 3a (GyHKIIOHATHHUM CTAaHOM iX OpraHi3My BiIIIOBIIHO /10 3HAYEHH MO-
Ka3HMKIB aKTHBHOCTI PETYJIATOPHUX MeXaHi3MiB. [ToKa3HUKN 0OUHCITIOIOTHCSA 10 M'SITUXBIIMHHNX 3aIHCaX EJIEKTPOKa-
paiorpaM. PimeHHS mono pamxXyBaHHS NMPUHMAOTHCS OJHOYACHO 332 KOMIUIEKCOM DPi3HOPIIHUX MOKa3HUKiB. He BH-
KIIFOYAIOTHCS CYIEpPEeWINBI CUTYaIllii, KOJIM 32 OJIHUMHU NOKa3HUKAMH CTaH € KpalluM, 3a IHIIMMH — TipmuM. MeTolo po-
00TH € BIOCKOHAJICHHS anapaTHO-TIPOrpaMHOI0 3a0e3nedYeHHs JiarHOCTHYHUX CHCTEM B YAaCTHHI IMPOrPaMHUX IpOLe-
Jyp HiATPUMKH NPUHHATTS PillIeHb 11010 NOPIBHSUIBHUX OLIIHOK (DYHKIIOHAIBHUX CTAHIB JIIOAWHY AJIS TPy 0ci0.
Pobora BHKOHaHa B Meax TPaJUIIIHHOTO MiIXOMy 10 OIiHKK ()YHKIIOHAJIBHUX CTaHiB OpraHi3My JIOJUHU 3 BUKOPHUC-
TaHHSAM TOTO K CKJIaJly ITOKAa3HUKIB, SIK 1 IIPH OL[HII IHTETPAIFHOTO KOMIUIEKCHOTO noka3zHuka [TAPC, sikuii BUKOpHUC-
TOBYETBCSA B MPAKTHUII A7 pi3HOOIYHOT a/leKBaTHOI OWIHKM CTaHIB OpraHi3My JIOIUHH B migomy. Ilpomemypa pamxy-
BaHHS IPYIH 0Ci0 PO3TIIAETHCSA SIK JOTIOBHEHHS JI0 3arajibHOI CXEMH OIIHKH CTaHiB 3/I0POB'S JTIOIUHHU.

Po3po0xu npuHIHMITY 1 IpoLeayp paHKyBaHHS IPYNH 0cCi0, SKi PO3KPUTI B poOOTI, MpeICTaBIICH] BIEpIIIe B TAKOMY 00-
cs13i. ParmkyBaHHS KOHKPETHOI TPYNH 0Ci0 HABOAWTHCS SIK TECTOBA ITEPEBipKa 3alIPOIIOHOBAHUX MIPOTPAMHHUX MPOLEAYP.
3MicCT JOCHIHKEHb, MIXiT 0 paHKyBaHHS 3a MOKa3HUKAMH aKTUBHOCTI PErYJIITOPHUX MEXaHI3MIB OpraHi3My JIOJAWHU
PO3KpPHBAIOTECS TSI OOTOBOPEHHS OTPUMAHUX PE3YJIbTATiB 3 METOI0 YTOYHEHHS MPIOPHUTETIB 1 aKIEHTIB B IMOAAIBIINX
PO3po0Kax 3 pO3BUTKY 3aIIPOIIOHOBAHOTO IiIXOTY.

Karouosi cioBa: (yHKIIOHANBHHI CTaH OpraHi3My JIIOJMHH, TIOKa3HUKHM aKTHBHOCTI PETYJISATOPHUX CHCTEM; arapaTt-
HO-TIpOTpaMHi 3acO0M OILIHKH; MPOLEIYPH paHXyBaHHS IPyIH OcCio.
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PAHXHWPOBAHHWE ®YHKIIMOHAJIbHBIX COCTOSHWUN OPT AHU3MA T'PVIIIIbI

JIAIL T1O ITOKA3ATEJIAM AKTUBHOCTU PEI'YJIATOPHBIX CUCTEM,
OLIEHMBAEMBIM 10 JTAHHBIM DSJIEKTPOKAPIMOT'PAOUN

[IpeanararoTcsi NPUHIUI ¥ TPOLETYPHl PAHKUPOBAHUS TPYIITBI JIUIL 110 (DYHKIIHOHATBHOMY COCTOSIHUIO MX OpraHM3Ma
B COOTBETCTBHHM CO 3HAUEHUAMH IOKa3aTeNlell aKTUBHOCTH PETYISTOPHBIX MexaHU3MOB. Iloka3arenu BBIYMCISAIOTCA O
MSTAMUAHYTHBIM 3aITUCSM JIEKTpoKapauorpamMm. He uCkimo9aroTes mpoOTHBOPEUYHNBEBIE CHTYAIlNH, KOTa 110 OJHUM HOKa-
3aTessiM COCTOSIHUE JIydllle, M0 ApyruM — Xyxe. Llenb paboTel — COBEpIIEHCTBOBAHHE ANNapaTHO-IIPOrPaMMHOI0 odec-
MEYEHHS] TUAaTHOCTUYECKUX CHCTEM B YaCTH MPOTPAMMHBIX MPOIETYp HOAAEPKKU MPUHATHS PEIICHUH 10 CPaBHHUTEIb-
HBIM OLIEHKaM (pyHKITHOHAJIBHBIX COCTOSTHUH Y€IOBEeKa JUISL TPYTIITHI JIHII.

PaGora BBIITOTHEHA B paMKax TPaJUIMOHHOTO ITOAX0/a K OlleHKe (yHKIIMOHAIHHBIX COCTOSHUH OpraHn3Ma 4eJloBeKa ¢
UCIIOJIb30BaHUEM TOTO )K€ COCTaBa MOKa3aTelIeH, Kak U IPU OIIEHKE MHTErPallbHOTO KOMIIIeKCHOro nokasareis [TAPC.
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Pa3paboTky npuHIMIA U MIPOLEYP PAHXXKUPOBAHUS IPYIIIBI JIML, PACKPHITHIE B paboTe, MPeACTaBICHI B TAKOM 00beMe
BIIEpBEIe. PamxupoBaHne KOHKPETHOH TPYIIIBI JHUI] MPHUBOJUTCSA KaK TECTOBAs NMPOBEpKa MPEAIOKESHHBIX MPOTPaMM-
HBIX NPOLERYP.

KiroueBble cjioBa: pyHKIIMOHAIFHOE COCTOSHUE OpTraHN3Ma YeJI0BEKa,; II0Ka3aTeNIn aKTUBHOCTH PETYJIATOPHBIX CHC-
TEM, anmapaTHO-IIPOTPaMMHBIE CPE/ICTBA OIICHKH; MPOIIETyPHI PAHKUPOBAHUS TPYIIIIHI JIUIL.
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B cyuacHiti meduyuni mepmozpaghisi KOMNIEKCHO 3ACMOCO8YEMBCA 3 THUUMU 8UOAMU NPOMEHe80i 0iaeHOCMUKU.
Tounicme diazHOCMY8AHHA 3AN€AHCUMD 8I0 MEMNePamypHoi Yymaueocmi mepmozpaga ma aKocmi mepmozpa@iyHozo
300pasicentsl, AKe 00CALAEMbCA, 8 MOMY YUCTI, 34 PAXYHOK 800CKOHANEHHA NPOSpaAMHO20 3abe3nevenns. Hao edocko-
HAleHHAM NPOSPAMHO20 3abe3neyeHHs. npayroioms NPaKmuyHo 8ci gaxisyi, AKki po3pobaaioms ma 6UKOPUCHOBYIOMb 8
c60ill pobomi mepmozpaghiuny diacHocmuxy. B pobomi suxopucmosyeascs imuusHAHUL 0X0A00H4CYBAHUL MAMPUUHUL
mepmozpagd 3 6a308010 MeCMoO80I0 NPOPaMoIo a5l mennosiziinoi cucmemu “Thermo Visio ™.

B oaniii pobomi posensdaromvcs numankHs nio8UWEHHs AIKOCMI MA PO3WUPEHHS MOJICIUBOCMell iHmepnpemayii
mepmozpa@iuHux 300padceHs, SKI 6KIOYAIMb: 3HUNCEHHS 6NIUGY WYMIG, GNIUBY NOUIKOONCEHUX NIKCENI8, MONCIU-
sicmb GUOLNEHHST OUISIHOK HA MEPMO2PADIUHUX 300pAdICEHHAX 3 MIHIMAILHOW MA MAKCUMAILHOIW MeMNepamypoio,
OMPUMAHHS OCYUNLOZPAPDIYHUX PO3NOOINIE MeMnepamypu 6 3a0aHux OLIAHKAX 6 PeaybHUX 3HAYEHHSX MmeMnepamyp,
BUBHAYUEHHA NIOWI NAMONIO2IYHOI 30HU, OMPUMAHHA MPUBUMIPHO20 300PAX*CEHH Ma pO3NoOiN/y memnepamypu no 6cii
108epxXHi 00CAI0NCYBAHO20 00 EKM).

Po3pobaeno cnoci6b suznaueHHs niowi ypaxiceHoi OiNaHKU ma OMPUMAHHL MPUSUMIPHO20 300PANCEHHSL 3 MONCIUBI-
cmio 8UMIPIO8AMU ThEMNEPAmMypy no 6Cill NOBEPXHI OOCTIOHCYBAHO20 00'EKMY, WO ZHAYHO POUUPIOE OIASHOCUYHI MOJIC-
ausocmi mepmozpapiunux 300pasicenv. Poboma 3 600CKOHANEHHS NPOSPAMHO20 3abe3neuents Oyoe HanpaeieHa Ha nooa-
Jble nioguweHHs1 ingopmamuernocmi mepmospaghiunux 306pasicens. Ilpu suxonanui mepmocpagiunux 0ocaiodicenv 6io-
JI02TYHO20 00 €KMY BUHUKAE NOMPeda Y BUHAUEHHI NIOWI YPAdtCeHoT OLIAHKU, W0 MAE 0COONUBE 3HAYEHHS NI0 Yac one-
PAyitiHUX 8MpPYyYans.

Bnpoesaooicennsn pesyromamis nposedenoi pobomu 00360110 NIOSUWUMU PIGeHb [HPOPMAMUSHOCIE MA AKICMb
mepmozpapiuHux 300pasxicern.

Knrouoei cnosa: mepmozpag; diacnocmuxa, npoepamue 3a0e3nedenHs,; Wymu, mepmo3pis.

Beryn

TennoBi3iifHa AiarHOCTHKA 3a OCTaHHI JECATH-
pivdsl MIMPOKO BUKOPHCTOBYETHCS B MEAWYHIN Ipak-
Turi. MoxyTe OyTH 3acTOCOBaHI TEIUIOBI3OpH 2-X
THIIIB: 3 OXOJIO/KYBAILHOIO Ta HEOXOJIOIKYBAIEHOIO
Marpuuero. TemIoBi3opu 3 HEOXOJI0KYBaJIbHOIO Ma-
TPHIICI0 MOOUTBHI, JO3BOJIIOTH BHMIPIOBATH TEMIIC-
patypy B 30Hi iHTepecy 3 TouHicTio 10 0,1°C. B ten-
JIOBi30pax 3 OXOJIOJPKYBaJIbHOIO MaTpHIero (0XoJo-
JUKEHHS PIIKUM a30TOM) TOYHICTh BUMIpPIOBaHHS TeM-

neparypu cknazgae (0,07-0,001)°C, mio no3Boiisie miar-
HOCTYBAaTH 3aXBOPIOBAaHHsS Ha IOYATKOBUX CTaJisX.
[igBumuT iHGOPMATUBHICTD Ta SKICTH 300paKCHHS
TaK0X MOXJIMBO 332 PaXyHOK BJJOCKOHAJICHHS MPOrpa-
MHOTO 3abesnedeHHs. B poborax [1-8] BukiameHi
JesKi pe3ysbTaTH HAayKOBHX JOCIHI/DKEHb II0 BHDI-
LIEHHIO IIMX 33/1a4. He3Bakaroun Ha OTpHUMaHi J1OCAT-
HEHHS POJIOBXKYETHCS poOOTa Ha/l MOJAIBIINM YyJI0-
CKOHAJICHHSIM TIporpaMHoro 3abesnedyeHHs. B nmanmit
Yac po3poOHMKM Cy4acHOi TeIUIOBI3ifHOI amapaTypu
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