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1. Introduction

Rehabilitation recovery of post-infarction and post-
stroke patients is carried out under the conditions of pains-
taking and careful diagnostic observation and long-term 
rehabilitation procedures [1]. In this regard, the quality of 
life during the period of long-term recovery of post-infarc-
tion, post-stroke patients in the conditions of remote reha-

bilitation is becoming one of the directions of development 
of restorative medicine [2]. Setting goals and organizing the 
recovery process requires researchers, administrators, and 
clinicians to focus on developing specific modules. They in-
clude sensors of force, touch, sound and optical converters of 
devices for restorative therapy, which restores independence 
and improves the patient’s quality of life [3]. At the same 
time, the first attempts to create innovative recovery devices 
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The current processes of recovery of post-in-
farction and post-stroke patients in the context of 
the establishment of the institution of family doctors 
and insurance medicine are considered. It was pro-
posed to introduce modules for automation of recov-
ery devices (MARD) to ensure procedures, quality 
of life and reduce labor costs during the period of 
long-term recovery. The forms of presentation of the 
model of the integral indicator are substantiated, 
which, in accordance with the requirements of the 
Ministry of Health, assesses the generalized indi-
cator of the patient’s statement (GIPS), the quality 
of medical services and increases the efficiency of 
data compression. A consistent application of two 
Euclidean norms is proposed, which leads indica-
tors of dissimilar physical nature to a limited met-
ric space. The relationship between the lower and 
upper bounds of the GIPS, the error, the width of 
the sliding window, and the values of the derivatives 
was established on the basis of the Taylor series 
expansion, geometric inequality and limited space. 
The model for evaluating the GIPS as a lower bound 
and the method for generating information about its 
properties are substantiated.

A three-level comparator is applied and an vec-
tor-indicator (VI) is introduced as an informational 
addition to the time series. Additional capabilities 
for intelligent analysis are demonstrated. The model 
of GIPS through VI is presented. The examples of 
VI values are used to demonstrate its applicability 
to the intelligent analysis of the recovery process. 
Openness, accessibility, transparency of GIPS and 
VI as tools of KIT is implemented by the princes of 
public administration (PA) by reducing it to quanti-
tative control and comparison if there are quantita-
tive and qualitative indicators in the list. VI, sliding 
windows, as PA and KIT tools in software (SW) for 
a diagnostic conclusion and correction of the course 
of procedures, are numerically investigated. It is 
demonstrated on examples of a numerical experi-
ment with software how the combined application 
of the method for calculating the GIPS and VI effec-
tively affects the compression ratio, increasing it 
to 60–75 %
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show that a significant part of the labor costs in the recovery 
process falls on the collection, analysis, compression and log-
ging of data [4]. Data transmission, representing the correc-
tion of prescriptions and the course of recovery procedures, 
is carried out through the use of radio channels and cloud 
and network technologies. Especially the problem of secu-
rity is exacerbated in the conditions of permanent changes 
inherent in the current state of development of society. The 
scientifically grounded establishment of the institution of 
family doctors and insurance medicine [5], together with 
the introduction of the achievements of computer-integrated 
technologies in the implementation of the principles of pub-
lic administration (PA), can change the essence of recovery 
medicine. One of the most important tasks of the health care 
system, especially the rural population at the present stage of 
development, is to find the optimal balance of the processes 
of specialization, integration and automation [6]. Scientific 
research is going around the idea of splitting and stimulating 
muscle contractions, according to tension, edema, dystonia, 
to restore the motor skills of the fingers and toes. The study 
of the types of communication signals between a patient 
with problems that have arisen as a result of the disease, and 
modules of the automation of the recovery devices (MARD) 
demonstrates significant amounts of information, the trans-
mission of which becomes problematic [7]. The implementa-
tion of ideas of information-lossless exchange presupposes 
the availability of effective algorithmic and software tools 
for monitoring, compression and diagnostics. Models of 
prototypes of automated systems (AS) for post-treatment 
recovery in conditions of remote rehabilitation, which make 
it possible to limit the range of access to the patient, are ac-
quiring significant scientific significance. It is expected that 
in terms of their functions, the level of intellectualization, 
they will make the rehabilitation therapy of post-infarction, 
post-stroke patients more effective.

Evidence-based PA methods will play a special role for 
the effective organization of the functioning of remote med-
ical recovery and the work of doctors and administrators of 
insurance medicine. They are complemented by innovative 
tools for automating management processes. In the structure 
of the patient – family doctor – MARD for collecting pa-
rameters of the patient’s condition and recovery procedures, 
the need to implement the principles of openness, accessi-
bility, information readiness, and is the embodiment of the 
PA principles. The effectiveness of their implementation, as 
the basic principles and tools of the PA, also determine the 
software for collection, primary processing, transmission 
and storage of monitoring data using networks, cloud ser-
vices and network servers, which will create conditions for 
transparency, availability and security.

In this regard, the search for the scientific foundations 
of the formation of a model of compact representation of 
the data stream as a single integral indicator, the formation 
of a collection method, the choice of the language and the 
compression and transmission algorithm is relevant for the 
creation of a remote recovery MARD. The practical result of 
these studies will be a reduction in personnel labor and the 
integration of various devices into a single speaker. Func-
tions such as ensuring openness, transparency and accessi-
bility at any moment, which is regulated by administrative 
law, as well as the presence of developed software libraries, 
reflection and communication services, are able to imple-
ment the PA principles to the designated sphere of society.

2. Literature review and problem statement

The construction and application of MARD in medicine 
take place in the form of information and recovery systems. 
The latter are designed primarily as securing the rights and 
obligations of persons who are provided with rehabilitation 
assistance [1].

However, control parameters are selected on the basis 
of indicators, differ for each of the branches of recovery and 
separately for post-infarction or post-stroke patients [2]. The 
problem of the designer is that their list is determined by the 
standards of the Ministry of Health [3]. This list does not 
coincide with the list of necessary objective, metrologically 
substantiated indicators required to control the quality of 
medical care [4]. In this regard, the number of types of pa-
rameters depends on the type of rehabilitation recovery and 
on the structure of the equipment used and the institution 
providing medical care. In addition, according to the form 
of presentation, the parameters should be divided into two 
more types: quantitative and qualitative. In work [8], it 
is shown that the multifactorial nature of interaction and 
an unlimited number of factors characterize medical diag-
nostics and rehabilitation recovery as one of the types of a 
complex biological-socio-economic process. The process of 
recovery and assessment of the socio-economic determinants 
of health is rapidly volatile and requires the use of intelligent 
information systems to build a diagnosis and restorative 
prescription and is rapidly volatile [9].

Medical and sociological information in the new con-
ditions acts as a management tool, including the quality of 
medical care and is subject to audit [10]. This is also evi-
denced by the data of publications, which demonstrate the 
effectiveness of the strategy of medical diagnostics based on 
psychologically functional models of diseases [11]. However, 
one of the disadvantages of such systems is the complicated 
process of explaining solutions [11]. The latter, in the context 
of the need for transparency of information, significantly 
hinders the development and implementation of MARDs 
and is one of the problems at the stage of their design.

The processing of time series, which represent a set of 
parameters of medical information, also requires a quick and 
highly informative analysis of the entire set of data types 
and the selection of pathological conditions and expert 
evaluation of the data [12]. To solve this class of problems, 
the Bayesian approach, an algorithm for finding association 
rules, an inference algorithm, cluster analysis methods, 
models of artificial neural or special recurrent networks, etc. 
are used. [13]. The peculiarity of the latter lies in the func-
tional addition of the synaptic node memory, a three-level 
comparator and algebraic operations of summation, multi-
plication and division [13]. The need to analyze the results 
of a certain list of parameters of the patient’s condition as a 
process becomes a quantitative-logical-cognitive process is 
proposed to be implemented in combined systems of reha-
bilitation recovery [13]. However, the size of the amount of 
information to be collected, primary processing, storage and 
analysis is the main obstacle [14]. In publications devoted 
to the creation and practical application of computer mon-
itoring and recovery systems, devices based on several mi-
crocontrollers are increasingly being proposed [15]. So, for 
example, in work [15] the task of measuring the parameters 
of the object state and synthesis of the control parameter is 
provided for 5 analog inputs. They provide the connection of 
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unified sensors. In addition, the system contains 7 discrete 
outputs for connecting the power section of the control 
system. Each discrete output has logic buffers, which are 
triggers. Logic buffers keep logic levels on control lines. This 
approach provides a reduction in power consumption due 
to the existing possibility of switching the main controller 
to the minimum power consumption mode. In case of emer-
gency mode in any of the lines, an auxiliary microcontroller 
is connected [13, 15]. In the case of connecting several con-
trollers, functions are distributed between them, which can 
be redistributed if necessary [16]. Such systems additionally 
carry out analysis of control lines, data reception/transmis-
sion processes, control of consumed energy. The microcon-
troller is fundamentally capable of additionally identifying 
a malfunction, transmitting a message to a centralized data 
processing point. Also, turn on the audible alarm. Thus, 
the system is designed to be capable of self-diagnosis and 
self-expression failure. The organization of communication 
between the MARD unit with a radio module or a GSM 
modem is supposed to be through communication interfaces 
and ensures operation as part of a network [16].

However, the complexity of the organization of the hu-
man body makes it difficult to formalize.

However, the complexity of the organization of the 
human body complicates the formalization of methods for 
analyzing medical data and limits their implementation. Ex-
isting scientific studies using statistical methods generalize 
and supplement the results of collecting and processing infor-
mation about the patient’s condition [11]. The processing of 
time series of parameters of the patient’s condition according 
to the list of the Ministry of Health standard determines the 
parameters of the recovery procedure and their adjustment 
according to the dynamics of the course of the procedures. 
In [17], it is demonstrated how the need to define a unified 
description algorithm with a single indicator successfully 
implements the task of transparency and simplicity of pre-
sentation of multifactor information. However, the need to 
determine the patient’s condition requires the presentation 
of information in an appropriate structured description of 
the dynamics of characteristics. Moreover, in the majority, 
its flows are large in volume and contain qualitative features. 
For example, the presence of pain, fever, skin color, assess-
ing the patient’s condition subjectively. The processing of 
parameters of the patient’s state as input signals that affect 
the results of the output, determine the information addition 
in its description of data on internal states. Based on this, 
the model of the treatment decision support system can be 
presented based on the concept of the theory of the Mealy 
automaton. The latter confirms the existence of the function 
of output signals and depends on a variety of system states 
and input signals – parameters of the patient’s state. As in 
other monitoring devices, data gaps still remain a significant 
problem [18]. In [18], algorithms for eliminating gaps are 
presented and investigated. However, the proposed methods 
do not exclude an error, and the method of accelerating the 
process of data loss recovery, proposed [19], concerns only 
one parameter and does not apply to multiparameter time 
series. The article offers an understandable and maximally 
concise representation of the dynamics of the flow of proce-
dures and work with it, introduces adaptive user interfaces 
of the software analysis system [20]. Despite the tools for 
improving software and interfaces during implementation, 
the proposed adaptation does not always give the desired re-
sults [21]. Comparative structural-parametric identification 

of models creates additional opportunities for working with 
combined quantitative and verbal indicators. In addition, in 
the absence of data or paramedical assessments, the practice 
of its application requires a justification of the method of 
combining them [22]. An example of a compact presentation 
of information includes the results of comparative process-
ing, the results of work [23]. However, even in this case, the 
presentation of color images of video frames was seduced to 
the level of practical implementation in the algorithms for 
automatic diagnosis of modules of diagnostic automation 
devices [23].

The formation of MARD applications and their quality 
assurance is determined by the capabilities of the language 
and models, methods and algorithms that have been cho-
sen [24]. As of now, the C# programming language is one of 
the most powerful languages in the IT industry, developing 
rapidly. A wide variety of programs are written in C#: from 
small desktop programs to help systems that serve millions 
of users every day. When they say C#, they often mean tech-
nologies of the .NET platform (Windows Forms, WPF, ASP.
NET, Xamarin). The C# language was created specifically 
to work with the .NET framework, but the concept of .NET 
itself is somewhat broader. The .NET framework provides a 
powerful framework for building applications. The combi-
nation of these examples of the advantages and objectives of 
quality management of medical care in a health care institu-
tion determines the expectations of success in the creation of 
MARD applications [25].

Thus, the unsolved problems include the creation of 
models for the integral assessment of the patient’s condition 
and the transparent presentation of data on the course of 
recovery procedures. In addition, the task of simultaneously 
assessing systems of regulated quantitative and qualitative 
indicators of health status according to the standards of the 
Ministry of Health and paramedical assessments is reduced 
to assessing a list of four types of data. The third unsolved 
problem is the problem of developing a method of cogni-
tive-comparative analysis of data flow and their lossless 
compression. Its solution will open up opportunities for an 
interdisciplinary team of scientists, the Faculty of Computer 
Science and the Medical Institute and the Institute of Public 
Administration to develop automated recovery systems in 
the context of the emergence of family medicine.

3. The aim and objectives of research 

The aim of research is to substantiate the forms of pre-
sentation of the model of the integral indicator, which meets 
the requirements of the Ministry of Health according to the 
list and is suitable to increase the efficiency of data com-
pression in the MARD of post-infarction and post-stroke 
patients in accordance with the principles of PA and to sup-
plement the list of types of indicators, regardless of physical 
characteristics and quantity.

To achieve the aim, the following objectives were set:
– form a list of types of parameters of the generalized in-

dicator of the patient's statement (GIPS), quality of medical 
services (quantitative and qualitative) and determine the re-
lationship between the volume, frequency of measurements, 
time properties and the value of derivatives, indicate the lim-
its of permissible fluctuations in the values of their values;

– form a model for assessing a set of indicators, regulated 
by the Ministry of Health, and a method of complementing 
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quantitative and qualitative indicators for MARD post-in-
farction, post-stroke patients in accordance with the PA prin-
ciples, which are implemented in practice due to their tools;

– investigate the applicability of the three-level vec-
tor-indicator for informational supplement of the time series 
of equally parametric monitoring of the state of post-infarc-
tion, post-stroke patients and MARD;

– investigate the applicability of the PA principles, which 
are implemented in practice because of their tools, including 
in the monitoring software for a diagnostic conclusion and 
correction of the course of procedures.

4. Materials and methods of research of the form 
of presentation of the model of integral assessment 
of indicators according to the requirements of the 

Ministry of Health and the list

The basis for the creation of MARDs for post-infarction, 
post-stroke patients was based on the current requirements 
of the Ministry of Health, regulating indicators and methods 
for measuring them for these types of diseases. It was also as-
signed that the idea of creating modules that automate wire-
less patient recovery devices in the individual conditions of 
remote rehabilitation is implemented by conducting remote-
ly controlled procedures. So it was assumed that the quality 
of wireless communication of all subjects and structural 
elements of the system is ensured. This type of communica-
tion provides two-level authentication of the patient and the 
device and self-diagnosis of their state parameters. Increased 
access and use times are achieved through continuous moni-
toring and recording of parameters of the patient’s condition 
and the course of procedures. The working hypothesis is: du-
plication of types of interaction with patients, measurement 
and diagnostic channels is guaranteed to provide a complete 
list of parameters for analysis. The introduction of a system 
of support and decision-making in the course of retraining 
cognitive skills according to recommendations and with 
reference parameters complements the meaningfulness of the 
communicative exchange of recovery procedures. In case of 
deviation of the state parameters during pre-procedural test-
ing, the deviation is recorded and a request for further doc-
tor’s prescription is made, and the monitoring and blocking 
modules are activated. In case of receipt from the dispatch 
center of instructions regarding blocking of the damaged 
functional module or its complete shutdown, the latter is 
carried out in the prescribed sequence in automatic mode by 
the components of the wireless networks.

It goes without saying that the formation of a method 
of generalization, assessment, and the proposal of PA in-
struments alone will not solve the problem of automating 
devices for family restorative medicine in post-infarction, 
post-stroke patients. However, it forms the preconditions for 
the implementation of innovative technologies for remote 
recovery in conditions of increased comfort.

The main requirement for the design of the MARD is to 
ensure information completeness and compression of infor-
mation flows for monitoring the patient’s condition in the 
structure of the patient – family doctor – insurance compa-
ny – MARD for collecting parameters of the patient’s condi-
tion and prognosis. The implementation of the requirement 
of openness, accessibility, informational readiness as the 
basic principles of PA and documenting the protocol of the 
course of recovery procedures and the state of devices im-

plements and regulates the requirements of evidence-based 
medicine and administrative law in the mutual relations of 
subjects of recovery and administration. The latter is regu-
lated by documents that control the quality of medical ser-
vices [2–4]. Based on the foregoing, the following provisions 
were proposed to formulate the requirements for the terms of 
reference for the MARD design:

– firstly, provide the option of changing the list and edit-
ing the time parameters for controlling the sets of indicators 
and parameters that regulate the Ministry of Health accord-
ing to the recovery method;

– secondly, provide the option of entering additional 
indicators and parameters, regulated by the requirements 
for monitoring the quality of medical services and the state 
of equipment;

– thirdly, to ensure the input of para-medical indicators 
and other quality indicators, if necessary.

Thus, the set of specific indicators and parameters are 
summarized in a list of types of indicators, the number and 
list of which are established according to the requirements of 
the Ministry of Health for this type of recovery disease and 
additional indicators. A variety of physical meaning of quan-
tities, ranges of values and ranges of change is an inherent 
feature that characterizes many indicators and parameters. 
Another working hypothesis was put forward: there is a con-
tinuous set of real numbers, a limited range of metric space, 
which reflects the full set of indicators and parameters. The 
generalized object of physiotherapy, which was considered, 
is characterized by K indicators, which are formed on the 
basis of monitoring data on time series. For clarity of per-
ception of the idea of presentation, it was assumed that the 
indicators characterize pressure, pulse, motor activity and 
self-awareness, etc. as prescribed by the Ministry of Health. 
To implement the idea of bringing the parameters of physi-
ological-biological systems to a single space, the indicators 
were normalized. The choice of the norm was carried out 
on the basis of the same estimates of the upper and lower 
pressure, pulse and linguistic assessments of self-awareness 
and other paramedical indicators. The heterogeneity of the 
content of such indicators of time series, which are selected 
as a base [1–4], is also taken into account: pressure, pressure 
difference, pulse. In connection with the above, for each i-th 
time series, its own value of the Euclidean norm was chosen 
|Xi|max. This is the first normalization provided the reduction 
of all quantities to a set of dimensionless numbers. However, 
taking the maximum value of the modulus in the interval of 
the domain |Xi|max of the norm, it should be borne in mind 
that it must be redefined at each change of the sampling 
interval and at the transition from one factor to another. Of 
course, the latter is a significant drawback, but it is this norm 
that provides high sensitivity to local changes in factors [17]. 
In addition, for the full use of the limited range of a single 
space for representing indicators, the second one with a new 
Euclidean norm is consistently carried out according to the 
first normalization:

max min max

min max

.
1

i i i i

i
i i

X X X X
X

X X

−
=

−  			   (1)

Further, a notation was introduced for the general in-
tegral indicator of GIS. Its role can also be denoted as a 
synonym under the name “general performance index”, for 
example, the ISO 37001:2016 standard. It is further stated 
that the GIS indicator and Xi indicators are continuous val-
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ues (the upper bar in the designated norms was convention-
ally omitted here and hereinafter).

The method is substantiated, which made it possible to 
find a function that establishes a relationship between the 
integral GIS indicator and the normalized, dimensionless in-
dicators. These, for example, include: pulse – X1; pressure be-
hind the peak X2; lower pressure level – X3; temperature – X4. 
For this, the sought function is denoted as follows: GIS=f(X1, 
X2, X3, X4) and a system of assumptions formulated in the 
form of postulates is chosen. The main statements of the pos-
tulates are: at zero pulse – its GIS is zero; at zero pressure, the 
GIPS is also zero; in conditions when simultaneously each of 
the factors is equal to zero, the GIS is equal to zero.

Based on the statements about the continuity of the GIS, 
it is expanded into a Maclaurin series, which is presented in 
a linear approximation:
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In the latter, it is taken into account that after double 
rationing, the interval for determining all indicators is the 
only one Xi∈[0,1]. The specified Maclaurin expansion (2), 
as a sum in accordance with the properties of geometric in-
equality, estimates the GIS lower bound:

( )
1

.
N N

i
ii i

ii

XGIS C C X
δ

=

= ≥δ∑ ∏ 			   (3)

Evaluating the possible options for the dependence of 
each of the list of types of indicators on the parameters, it 
was found that the influence of various factors is uneven. 
The weight coefficients that determine it acquire both posi-
tive and negative values. The upper limit of the smallest GIS 
value was estimated using geometric inequality (3), which is 
modified by introducing the moduli of the values:

( )
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		  (4)

The limited range of values of the unified metric space 
of parameters and indicators makes it possible to obtain an 
expression for the upper and GIS lower boundaries, taking 
into account the introduced designations and properties of 
the power function:

1 2 3 4 1 2 3 4min max
4 .GISX X X X X X X X≤ ≤ 		 (5)

Thus, on the basis of a consistently applied set of norms, 
for various variants of weight coefficients, it is reasonable 
to estimate the upper and lower bounds of the general GIS 
index (2) according to expressions (3), (4) and (5).

Such a wide range of expressions and meanings prefers 
pessimistic evaluation – the lower bound, since it gives a sin-
gle expression and one meaning. In the future, the estimate 
of the lower bound according to (5) should be used as an 
estimate of the general GIS performance index.

5. Results of the study of the model, methods and tools 
for the automation of devices for the recovery of post-

infarction and post-stroke patients.

5. 1. Determination of the list of types of parameters 
of the patient’s condition to be measured

The work considered the structure of interacting sub-
jects: a patient, a family doctor, hospitals, insurance com-
panies and MARD (conditionally referred to the class of 
subjects) for collecting parameters of the patient’s condition, 
network data transmission facilities, servers of the corporate 
medical network and medical databases.

It was assumed that for the creation of such a module, 
there are definitions of Ministry of Health, types of indica-
tors and methods of their measurement. Let’s also assume 
that the idea of creating modules that automate wireless 
devices for the recovery of post-infarction, post-stroke pa-
tients in the individual conditions of remote rehabilitation is 
implemented by conducting remotely controlled procedures. 
Undoubtedly, it is based on the hypothesis of the feasibility 
of wireless communication of all elements under the con-
ditions of two-level authentication of the patient and the 
device and self-diagnosis of their state parameters. Increased 
access and use times are achieved through continuous moni-
toring and recording of parameters of the patient’s condition 
and the course of procedures. Another working hypothesis 
is: duplication of types of interaction with patients, measure-
ment and diagnostic channels. The introduction of a system 
of support and decision-making in the course of retraining 
cognitive skills according to recommendations and with 
reference parameters complements the meaningfulness of the 
communicative exchange of recovery procedures. In case of 
deviation of the state parameters during pre-procedural test-
ing, the deviation is recorded and a request for further doc-
tor’s prescription is made, and the monitoring and blocking 
modules are activated. In case of receipt from the dispatch 
center of instructions regarding blocking of the damaged 
functional module or its complete shutdown, the latter is 
carried out in the prescribed sequence in automatic mode by 
the components of the wireless networks.

An innovative feature of the expected development result 
was to be a comprehensive implementation of methods that 
represent an analytical express assessment of complex pro-
cesses using the GIPS model. The latter allows to quickly 
block the rehabilitation processes in the event of a predicted 
hazard and record the full set of assessments of signs and 
analysis parameters. The development and application of 
sensors that measure the force of touch, compression and 
stretching and the speed of movement, the degree of blood 
circulation in the muscle tissue will provide feedback. The 
development of intelligent sensors containing the cogni-
tive component of analyzing the actions of patients during 
procedures, presents a picture of recovery, is recorded in 
accordance with the requirements of administrative law and 
evidence-based medicine. It is this quantitative and qualita-
tive information that is the necessary information necessary 
for both the family doctor and the administration of the drug 
institution, the patient and the insurance company. Infor-
mation about GIPS, and, if necessary, expanded indicators 
according to the list of the Ministry of Health, is provided 
upon request to all subjects of the recovery process. In the 
form of a model of the lower limit, it forms a tool for medical 
and legal assessment by all subjects of administrative law 
and process, and ensures the protection of their rights in ac-
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cordance with the PA principles. The indicators of the GIPS 
integrated assessment, as transparent, understandable and 
available for quantitative comparison, are convenient tools 
that implement the PA mechanisms. The latter, based on the 
protocols of interaction of the human-machine interface, will 
make it possible to adjust the individual set of procedures 
based on a comparison of the actual and predicted recovery. 
The innovativeness of the proposed sensors should consist 
in the simultaneous use of quantitative and qualitative in-
dicators to be presented as a single generalized indicator of 
GIPS, which increases the monitoring efficiency of data pro-
cessing and management commands by a family doctor by 
reviewing a reduced amount of information. This approach 
will allow solving a number of technical problems when 
monitoring the process and MARD, post-infarction, post-
stroke patients. The list and number of these parameters has 
been determined, since the method is set in accordance with 
the Ministry of Health standard. However, in order to imple-
ment the cognitive component in the analysis of actions and 
results during the course of procedures and self-diagnostics 
of equipment, the number of parameters is expanding. In ad-
dition, the reason for changes or expansion of their number 
is also a change in the recovery method when changing pa-
tients from different groups of diseases [1–4]. In this regard, 
within the framework of the generalization and requirements 
of the Ministry of Health standards, many standard indi-
cators were combined that are regulated by the method of 
treatment and the quality of medical services and additional 
ones that regulate the quality of equipment operation and 
para-medical indicators. Also, it was taken into account that 
according to the form of presentation, indicators are divided 
into quantitative and qualitative. Let’s designate the number 
of regulated indicators P to be measured at the request of the 
Ministry of Health together with additional K, the list of 
which is increased as necessary.

Let’s represent the set of indicators T as a component 
vector .Х  Let’s suppose that for each of the indicators, the 
lower and upper boundaries of fluctuations in values and a 
verbal or fuzzy description in the form of membership func-
tions in the range of parameter changes are determined:

( ) ( ).j jj fX X=µ

Under these conditions, the total number of measure-
ments of all parameters to be measured for N regulated 
times at intermediate A grinding points of the analysis time 
interval will be equal to:

( )( )1 .M A KN PN= + +

The latter, with the maximum bit depth of the values of 
the state parameters Q, determines the maximum required 
volumes of information V to be transmitted during moni-
toring:

( )( )1 .V QM Q A KN PN= = + + 			   (6)

Thus, an excessive number of verbal and quantitative 
parameters, together with the effect of shredding the time 
measurement intervals, significantly increases the amount 
of information from transmission. Their reduction or loss 
significantly affects the error. In this regard, the determi-
nation of the justified value is an independent task of the 
information preprocessing algorithm, but which is not posed 

in this article. The limiting value of the required volumes 
of information V according to (6) allows to calculate the 
compression ratio.

Thus, a list of types of parameters has been defined that 
determine the GIPS, the quality of medical services, the 
state of the MARD, which are quantitative and qualitative 
in terms of the forms of presentation. In other words, the list 
satisfies the generalized requirements, formulates the terms 
of reference for the design of the MARD. According to the 
requirements, the number of parameters is not limited.

The limitation is imposed only on the options for enter-
ing and editing the list of additional quantitative and quali-
tative parameters. The total amount of information must be 
able to transmit MARD, determine the temporal properties 
of the parameters, the maximum digit capacity, the frequen-
cy of measurements and the number of derivatives, as well 
as the limits of permissible fluctuations in the values of the 
quantities to be analyzed.

5. 2. Applicability of the model and the method of inte-
gral assessment of the set of indicators

The object of physiotherapy as such was considered, 
characterized by K indicators, which were formed on the 
basis of data on the time series. Let’s assume that they 
characterize quantitative parameters, for example, pressure, 
pulse, motor activity and qualitative self-awareness, and so 
on. Let’s suppose that the methodology for the unambiguous 
determination of indicators is regulated, that it was chosen 
according to the instructions of the Ministry of Health, 
and investigate the applicability of the model for the GIPS 
integrated assessment according to (5), including during the 
restoration.

To assess the influence of errors in measuring the pa-
rameters ΔХi on the GIS, the process was considered as a 
non-direct measurement with a relative error εi, which made 
it possible to calculate:
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By virtue of the selected norms, the maximum possible 
value of the error of the integral indicator is greater than the 
sum of the absolute values of the relative errors. To deter-
mine the influence of the value of the averaging interval and 
the dynamic properties of the GIS on the local value of the 
error, let’s apply the quadratic Taylor series expansion in the 
vicinity of the time instant t0:
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Thus, the dynamic properties of the GIS, the averaging 
interval δτ, and the estimates of the error of the influencing 
factors formed the requirements for the maximum estimation 
time for each of the values of the indicators. Expansions (8) 
also made it possible to establish a general relationship be-
tween the dimensions of the slip window, the jumps of the 
first and second derivatives of the generalized time series, 



Information technology

41

and the allowable GIS error. The applicability of decomposi-
tion (8), under the conditions of continuity and integrability 
of the GIS function together with the square, after applying 
the norm leads to the equation:
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			   (9)

Application of norm (9) to equation (8) gives, based on 
the Bunyakovsky-Cauchy inequality:
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The last inequality is equivalent to an expression that de-
fines the upper and lower bounds that limit the value of the 
norm of the relative error. It connects the error rate with the 
properties of the formed time series for the pessimistic GIS 
assessment and the length of the slip window.
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Thus, if the set of indicators to be measured and reflected 
for the work of each of the subjects of the family medicine 
system is a continuous set, then it is represented in metric 
space and time by means of normalization. The sequential 
selection and application of two types of Euclidean norms: 
the maximum modulus and combined for (1) and the square 
root of the integral of the square according to (9) forms a 
simple transparent reflection on an unlimited set of planes 
with a common axis – time.

Thus, based on the fundamental expansion of the func-
tion in a Taylor series and the geometric roughness, the 
model is multiplicative. Its features and properties are 
established on the basis of methods of weight coefficients, 
estimates of the upper and lower bounds, differentiation of 
the natural logarithm of the Bunyakovsky-Cauchy inequali-
ty. The very form of representing the value of the GIS as one 

number, and the dynamics in the form of a simple graph on a 
limited range of numbers from 0 to 1, is the implementation 
of simplicity and transparency, as principles, in particular, 
PA. Taken together, it provides random access for the pa-
tient, family doctor, specialty doctor and administrators and 
implements another of the principles of accessibility.

5. 3. Applicability of the three-level vector-indicator 
for informational supplement of the time series is equal to 
parametric monitoring

Let’s consider the problem of analyzing changes in time 
series, obtained as a result of monitoring the parameters of 
the patient’s condition. As a rule, oscillations are observed 
in them. Let’s suppose that the series are not monotonic, but 
contain alternating intervals of monotonicity and low local 
minima and maxima. Such changes in the parameters of 
the patient’s state and their models are impossible to study 
such series by the methods of Newton-Kantorovich and 
quasilinearization [26]. As shown in [13], the simultaneous 
use of several schemes of approximations and checks of the 
conditions for correspondence to the root at the point of each 
approximation excludes its erroneous determination. Nu-
merical experiments for the above and other cases, in which 
the formation of the images contains several local extrema, 
indicate the impossibility of direct application of linear and 
quadratic approximation schemes. The latter is equivalent to 
the conclusion: the application of the Newton-Raphson-Kan-
torovich method, quasilinearization, Halley, recurrent ap-
proximation is impossible [27]. Due to the fact that most of 
the time series of the patient’s state indicators are oscillating 
functions, the problem of the synthesis of the control action, 
as the problem of minimizing the quadratic functional, was 
not solved by these methods [13]. Modification and search 
for new approaches is a topical direction of research on ways 
to transform non-monotonic models [27].

Intellectualization of the process of finding the root. 
According to the two-level comparative idea [22], let’s in-
troduce a rule for the operation of a three-level comparator. 
Let there be a limited set of three values Y1, Y2, Y3, on an un-
bounded space of real numbers ( ), ,Y∀ ∈ −∞ ∞  then represent 
the comparator as such, realizing a predicate of the form:

( )
1 1

1 1 2 3 2

3 3

1, if ,

, , 0, if ,

1, if ,

b

e

Y Y Y

Y YD Y Y Y
Y Y Y

− < <
= =
 > >

		  (12)

where Y1, Y2, Y3 – values of quantities taken as such, which 
are measured and are reference, the values of which will 
vary, and in some cases may be the same. Let’s also as-
sume that this rule (12) is valid for quantities of different 
nature, including derivatives of a quantity, suitable for 
measurement. Let’s consider an oscillating process in the 
space of real numbers, shown in Fig. 1. Let’s introduce 
an n-dimensional vector .V  The first component is the 
value of some physical quantity obtained after processing 
using the comparator (12). For simplicity, in this problem, 
all three values are assumed to be the same and equal to 
zero in (12). The second, third, and n-on components are, 
respectively, the first and second and n–1 of the derivative 
of a physical quantity, processed using the same compara-
tor (12). Let’s introduce an n-dimensional matrix row, each 
element of which is equal, respectively, to the magnitude 
of the modulus of the derivatives from the zero to the n-th 
order. Then the spread in the Taylor series is fed in the form 
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of the product of this matrix by the square diagonal matrix 
n×n and the indicator vector of derivatives:

( )

( )(0) (1) ( ) (3)
0,

1
, ,..., ,.. .

!
kk

x xn

L x

VL L L L
k∆=

=

+ ∆ =

 = ∆  	 (13)

The diagonal matrix is accepted for generality
0! 1, 1k j= = + . In this notation, the problem of finding a 
root is reduced to the problem of solving an equation with a 
vector-indicator

( )(0) (1) ( ) ( )
0,

1
, ,..., ,.. 0.

!
kk N

x xn

VL L L L
k∆=

=
  ∆ = 

The recovery dynamics process can be represented in 
matrix form in accordance with the approximation schemes:

– linear

( ) 1(0) (1) ( ) ( )
0,

1
, ,..., ,.. 0;

!
kk N

x xn

VL L L L
k

−
∆=

=
 ∆ ∆ = 

– quadratic

( ) 22 (0) (1) ( ) ( )
0,

1
, ,..., ,.. 0.

!
kk N

x xn

VL L L L
k

−
∆=

=
  ∆ =∆  

If to restrict ourselves to only quadratic approximation, 
their solution can be written for the corresponding approxi-
mation schemes in the following way:

– for linear

( )2
(1)

2(0) (1)
1 2

(0) (2)
1 3

2
2 / ;

V L
V V L L

V V L L

 − ∆ = −  
−  

– for quadratic

2
(1) (1) (0)

2 2 1

(2) (2) (2)
3 3 3

2
.

V V VL L L

V V VL L L

 
∆ = − + − 

  

The process of non-monotonic dynamic changes of the 
model was considered. An example of non-monotonic dy-
namics of the model is shown in Fig. 1, on which character-
istic points are highlighted and marked with letters. The 

value of the indicator vector for them is presented in Table 1. 
Analysis of the data in Table 1 shows when the recovery 
process should be stopped. So, for the first value x1, if for any 
of the approximation schemes, x2 is obtained, the vector-in-
dicator of which is (1, 0, 1) or (1, 1, 0), the approximation 
process should be stopped and the procedure should be 
taken according to the following rules. First, suppose: L(x3). 
Find the point x3, and then continue according to the usual 
approximation scheme.

Table 1

The magnitudes of the values of the components of the 
vector-indicator at the point

Point
The values of the components of the vector-indicator at 

the point

a b c d

V1 1 1 1 1

V2 –1 0 1 0

V3 1 1 0 –1

Verbal 
signs

Positive, 
descending, 

convex

Positive, 
extreme, con-
vex, minimum

Positive, 
growing, 
convex

Positive, ex-
treme, concave, 

maximum

Using the points in Fig. 1 and Table 1 traces additional 
informational opportunities, formed due to the introduction 
of an vector-indicator and the study of the dynamics of re-
covery processes as a complex indicator by methods of math-
ematical analysis. Table 1 are presented for points a, b, c, d as 
the values of the vector components of the indicator give an 
unambiguous imagination not only about the changes in the 
indicator at the point, but also about the predicted changes 
in its environment. So, for example, consider point a, the sec-
ond column of Table 1. The value of the GIS vector-indicator 
(1, 1, 1) shows that the intended procedure acts positively 
and improves the patient’s condition, and GIS (1, 0, 1) warns 
a critical state, requires a thorough examination by a special 
doctor, while the review procedures are suspended. The lat-
ter is the intellectual foundation for analyzing the impact of 
the restoration procedure and justifies the tool for intelligent 
analysis of GIS properties.

5. 4. Tools of public administration in the software for 
monitoring, diagnostic conclusion and correction of the 
course of procedures

For simplicity and transparency of the problem statement 
in accordance with the implementation of the PA principles, 
let’s assume that by the start of work, the server has sent data 
on the number of measurements N. By one dimension let’s 
obtain the values of K+Р parameters xk(t) (k=1,2,…4), namely: 
pressure, pulse, motor activity and self-awareness, which is 
regulated for measurement. The parameters are measured 
after a certain time interval Δt in connection with the appli-
cation of the expansion of each function xk(t) (k=1, 2, … 4) in 
a Taylor series in the form:

( ) ( ) ( ) ( )0 0 2
0 .

1! 2!
k k

k k

x t x t
x t x t t t

′ ′′
= + ∆ + ∆

To obtain the value хk(t0), it is necessary to carry out 
measurements at the moment of time t=t0. To obtain the 
value of the derivative, it is necessary to obtain the values 
of all parameters xk(t) (k=1,2,…4) at two points with a time 
interval Δt. Then the derivative is calculated as the ratio of 

Fig. 1. Scheme of approximations and characteristic points 
for a non-monotonic function
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the increment of the function xk(t) to the increment of the 
argument Δt, which caused it, provided that the increment 
of the argument tends to 0.

( ) ( ) ( )0 0 ,∆ = + ∆ −k k kx t x t t x t

( ) ( ) ( )'  0a . t
∆

= ∆ →
∆
k

k

x t
x t t

t

Accordingly, to obtain the second derivative, it is neces-
sary to obtain the values of the parameters at three points. 
Having calculated the value of the first derivative for the 
parameters xk(t) (k=1,2,4) 
at the first and second and 
second and third points, let’s 
obtain the second derivative 
as the ratio of the increment 
of the first derivative to the 
increment of the argument 
Δt, which tends to 0.

That is:

( )
( ) ( )0 0 ,

k

k k

x t

x t t x t

∆ =′

= + ∆ −′ ′

( )
( ) ( ) at 0 .

k

k

x t

x t
t

t

′′

∆ ′
= ∆ →

=

∆

Accordingly, to obtain 
the third derivative, it is 
necessary to have the val-
ues of the parameters xk(t) 
(k=1,2,…4) at four points, 
etc.) (k=1,2 ... 4) at n points 
with a constant time step Δt.

For the formation of 
imagination and further dis-
cussion of the monitoring 
algorithm for a diagnostic 
conclusion and correction 
of the course of procedures, 
its block diagram is shown 
in Fig. 2. The number of 
points (A) for each measure-
ment is set from the server 
and the interval of grinding 
time between measurements 
at two points (Δt) is select-
ed. In addition, it is also 
necessary to know the start 
time and end time of all N 
measurements (t1, tN).

The next step is to find 
the interval between N 
measurements ΔT

( )1 * .Nt t
T A t

N

−
∆ = − ∆

To start the countdown 
at the current time t, the ini-
tial moment t1 is assigned, 

and the accountant of the number of situations (calc), when 
the value of at least one of the parameters (x1(t), x2(t), x3(t), 
x4(t)) goes beyond set limits, set equal to zero.

Let’s start a cycle from 1 to N with a step of 1, to carry out 
N measurement sessions. Thus, at each step of the simulation, 
there is a cycle of obtaining the values of the parameters xk(t) 
(k=1,2,…4) for the number of points A with a time step Δt.

Therefore, inside this cycle, let’s start a new cycle j from 
1 to A with step 1. Then let’s denote the parameters xkij(t) 
( 1,4,k =  1, ,i N=  1,j A= ) with a time interval Δt. After one 
cycle of measurements at A points with a time interval Δt, 
the integral indicator GISij(t) is calculated.

Fig. 2. Block diagram of the monitoring algorithm for the diagnostic conclusion and correction 
of the course of procedures
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The next step in cycle k from 1 to 4 s with step 1 is to 
check each parameter for belonging to the range of values 
corresponding to the patient’s normal state for this parameter.

If the parameter xkij(t) (k=1,2,…4) does not meet the 
requirements, since the deviation reaches a value greater 
than the norm, the values of the first and second derivatives

( ),kijx t′  ( )kijx t′′  are subtracted) to check the nature of changes 
in the function xkij(t). This data is sent to the server. The calc 
counter increases the value by 1 and sends the values of all 
parameters xkij(t) (k=1,2,…4) to the server (if calc exceeds 1, 
if one of the parameters does not meet the requirements, the 
data will not be sent to the server again sent).

When all checks are passed or after the end of the cycle 
(k runs through values from 1 to 4 with a step of 1), only the 
value of the integral indicator GISij(t) is sent to the server. 
After the calc value is reset to zero, the time is increased by 
Δt and the transition to the next measurement point of cycle 
j runs through the values from 1 to A with increments of 1.

After the end of the series of measurements, the time in-
terval is increased by ΔT and the transition to the next step 
in the cycle and from 1 to N with step 1. After the end of this 
cycle, the program ends.

The presentation of GIPS data in numerical, qualitative 
or graphical form in a single metric space makes the data 
easy to understand, accessible to all PA subjects. Simulations 
were carried out to determine the GIPS applicability to the 
compression of information volumes. To compare the effi-
ciency of the GIPS model, when the digits are represented by 
eight digits of the binary number system, an experiment was 
carried out to determine the volumes to be transferred. The 
results of the experiment are presented in Table 2.

Table 2

Amounts of transferred information

No.

Ten  
measurements

Twenty  
measurements

A measurements

Amount 
of infor-
mation, 
bytes

Com-
pression 

ratio

Amount 
of infor-
mation, 
bytes

Com-
pression 

ratio

Amount 
of infor-
mation, 
bytes

Compression 
ratio

1 40 0.75 80 0.75 4А 1–А/(4А)

2 56 0.536 96 0.625 4А+16 1–А/(4А+16)

3 60 0.500 100 0.600 4А+20 1–А/(4А+20)

During the experiment, according to the described algo-
rithm, it was assumed that four parameters were outside the 
range of acceptable values. Also, the number of measurement 
points for which the data is presented in the table is equal 
to 10 and 20. Experience shows that the introduction of the 
GIPS model significantly reduces the total amount of data 
that must be transferred to the server.

6. Discussion of the results of the study of the list of 
parameters, application of the integral indicator model, 

vector-indicator, analysis tools

In the course of the study, it was found that the formed 
list of parameters of the patient’s condition, which are reg-
ulated by the Ministry of Health standard and the list of 
metrologically substantiated indicators for monitoring the 
quality of medical care, there are contradictions. The pro-
posed model, the form of which is substantiated on the basis 

of reducing to one metric space of one interval of definition 
and values and applying a generalized geometric roughness, 
does not eliminate the problem of contradictions, but brings 
the system under the same comparison conditions. So, by 
determining the integral indicator taking into account the 
weight coefficients, it was previously sequentially processed 
by the Euclidean norms (1), the expediency of using a pes-
simistic assessment is substantiated, which is not affected 
by the number of parameters. Thus, as shown for such an 
assessment, the number of indicators may not be limited to 
four. This result is explained by the fact that the parameters 
define one object, and the series expansion of the function of 
many variables, regardless of their number, satisfies (2). In 
connection with the linear form of the series expansion (2) 
and geometric inequality (3), it is determined by their dual 
function – the integral indicator. In addition, as (8) shows, 
the error in determining the integral indicator does not de-
pend on the number of indicators, but is determined only by 
their properties, such as jumps of derivatives and the size of 
the slip window (10), (11).

Thus, in the conditions of the available possibilities to 
regulate the size of the sliding window, its value should be 
chosen taking into account the jumps of the first and second 
derivatives of the generalized time series and the permissible 
error. When using qualitative indicators determined on the 
basis of cognitive testing, they must be reduced to normal-
ized membership functions. Further, such normalization 
opens up the possibility of constructing a GIPS according to 
algorithm (3), for which (6), (7) are carried out as estimates 
of the forecast accuracy.

Table 2 shows the amount of information for different 
numbers of measurements and for a different number of 
points. So, to calculate the second derivative, more data on 
four components at four points is added – the second line. 
The third line adds data on four components at four points 
for calculating the third derivative and the fifth for calcu-
lating the predicted point. Analysis of the data shows that 
the use of the GIPS significantly compresses the amount of 
information transmitted by seventy-five percent reduced, 
and the compression ratio does not depend on the number of 
measurement points. It depends on the properties of the time 
series. As shown in [9], the need to measure a larger number 
of points is caused by the need to improve the accuracy of 
the information forecast. So, to calculate the first, second 
and third derivatives, four points are needed, and the fifth 
point is to check the predicted value. The latter decreases 
the value of the compression ratio, which, with an increase 
in the number of measurements, grows and tends to the 
limiting values. The value of the limiting value of the com-
pression ratio is determined by the number of indicators of 
the patient’s condition.

This study, in contrast to previous studies [12], not only 
offers a tool for analyzing the time series, but also, in con-
trast to [17], also substantiates the tool for the intellectual 
analysis of oscillating time series characterizing the recovery 
processes. However, the more important difference between 
the proposed method of forming an integral indicator is the 
ability to assess verbal paramedical indicators. The present-
ed results of the analysis definitely did not cover all cases of 
real features of the origin of the data, since it was artificially 
assigned at this stage of the study that all data are reliable, 
and the relative error is known. However, of course, the 
GIPS model, as an aggregate indicator based on groups of 
quantitative and qualitative indicators, must be verified on 
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the data during the implementation of the MARD, which 
requires further research.

Thus, the choice of points at which it is sufficient to 
transfer not a complete set of data, but only the value of 
the GIPS, depends on the properties of the time series of 
parameters. The latter will determine, together with the 
parameters of the measurement accuracy and the required 
data accuracy, the preprocessing algorithm, which will affect 
the data compression ratio. Thus, the work continued the im-
plementation of the idea of calibrating the channels of devic-
es [27], which measure oscillating quantities. The generated 
method and the algorithm and software built on its basis, the 
block diagram of which is shown in Fig. 2, is bounded by the 
space of real positive numbers, due to the Maclaurin series 
expansion and geometric inequality.

The disadvantages include the need to carry out nor-
malization when jumping norms between measurement 
intervals, increases the amount of additional calculations 
when searching for auxiliary values, values of derivatives, 
components of the vector-indicator.

However, additional application of their results allows 
building GIPS on the basis of quantitative and qualitative 
indicators. Graphical and numerical presentation of obser-
vation results in the form of a single GIPS, which carries 
information about the dynamics of the course of recovery 
processes, ensures the implementation of administrative 
law and PA principles. The further direction of the devel-
opment of these ideas is associated with the implementation 
of single-chip and single-board controllers, Wi-Fi systems 
of recovery devices, partially eliminating the problems of 
calculating derivatives and the vector-indicator and requires 
further experimental research.

7. Conclusions

1. A list of types of parameters has been formed, which 
include indicators of the general condition of the patient, 
it is recommended by the list of the Ministry of Health of 
this group of diseases, the quality of medical services, para-
medical, the state of equipment, presented quantitatively or 
qualitatively. All indicators are reduced to the metric space 

of a limited interval, by sequentially entering two norms. 
The amount of information for transmission determines the 
time frequency of the measurement according to the method 
of the Ministry of Health, the number of interval refine-
ments, the number of derivatives, the limits of permissible 
fluctuations in the values of their values and the maximum 
permissible digit capacity.

2. The GIPS model, as the lower bound of the linear 
expansion in the Maclaurin series, is a pessimistic estimate 
that does not depend on the number of indicators if they 
are preliminarily reduced to the metric space of a bounded 
interval by applying two norms. GIPS, presented by MARD 
in the form of a time series for post-infarction, post-stroke 
patients, corresponds to the principles of PA transparency, 
comprehensibility, accessibility, which are implemented in 
practice due to their tools. The sequence of applied actions 
for the formation of assumptions, norms, the determination 
of the weight coefficients is a method that justifies the value 
of the lower limit and can be extended to other types of sets 
describing one object to determine the generalized indicator.

3. The vector-indicator, built using a three-level compara-
tor, forms a tool for intelligent analysis of GIPS properties and 
building logical rules for informational supplement of the time 
series of one-parameter monitoring. So, the value of the vector 
indicator of the GIPS (1, 1, 1) shows that the intended pro-
cedure acts positively and improves the patient’s condition, 
and the GIPS (1, 0, 1) warns of a critical condition, requires a 
thorough examination by a special doctor, the review proce-
dures are suspended.

4. Presentation of data in the form of GIPS time series 
and additional materials at selected points is easily applied in 
software and is a transparent tool of administrative law and ev-
idence-based medicine. The value of the compression ratio with 
an increase in the number of measurements grows and tends 
to the limit values up to 60–75 % for eight digits of the binary 
number system and four indicators, which is determined by the 
number of indicators of the patient’s condition. The properties 
of the GIPS model, a vector-indicator that are convenient for 
building analysis algorithms, form a tool for managing the 
amount of information and sorting into a protected one and 
such that it is presented as transparent, understandable and 
accessible, which corresponds to the PA principles.
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