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3anpononosano memoo cumwmesy, wo Oasyemvca Ha
3acmocyeanni iHopmayitinux ineapianmis, i 6UKOHAHO
cmpyKxmypHo-napamempunnuii cunmes 0iazHOCMU4HO-03-
00po6uozo xomnaexcy «Quantons. Ilposedena cmpyxmyp-
HO-napamempuvHa OnNMuUMI3ayiss KOMNIEKCY no Kpumepito
npodyxmuenocmi. x inpopmauiini ineapianmu euxopu-
cmani no6Hi (Y medxcax npuiinamoi Kkaacuikayii) MHoMCU-
HU WASXI6 OMPUMAHHSA (PYHKUIOHATLHUX 6]acmusocme
KoMnexcy, (Pazosux UUKIIG NHCUMMEBO20 UUKILY, CMPYK-
myp mexuiunux niocucmem i cnoco6ié ynpasasnna piems-
Mu mexuizauii, npodyKxmueHocmi ma enepezoeexmusnocmi
npoyecie. MHOMCUHU WNAXIE OMPUMAHHA PYHKUIOHATIOHUX
s1acmusocmeil KOMNIEKCY ma azoeux UUKJIie Heummeeozo
UUKTY CHOPMOBAHT WNAXOM NOETIEMEHMHO20 YCKAAOHEHHS
6i0nogionux ampudymis. Muojcuna cmpyxmyp mexmivHux
nidcucmem, w0 6i0n06idaAIOM> NEGHUM PIBHAM MexHIZauil
Qynxuyiii, 6usnavena na ocHosi nepioduunoi cucmemu mex-
HivHUx enemenmis. II06HI MHONCUHU MONCAUBUX CIMPYKMYP -
HUX piuens no cnocobam ynpasiinns npooyKmuenicmio ma
eHepzoeeKxmuHICIMI0 NPoYeCie, OMPUMAHT MONOTOLIUHUM
000ymxom mHoxcun 6udie 06’cxmis na 6udu nputiomie 3ades-
neuenns nompioHux eaacmueocmei uu sxocmei 06’cxmie.
Jlns K0dicH020 cmpyxmypro 6i0MilH020 eapianmy 3acmo-
cosana munosa npouedypa napamempusauii 00’cxmie ma
cucmema 3anexcHocmeil 3a0avi napamempuuHoi Onmumi-
3auii 0edyxmuenozo muny. Cucmema 3anezicHocmeii € Kom-
Kpemu308anum 6unaokom napamempuvnux ingopmauii-
Hux ineapianmie. Konxpemusauio 3anesxcnocmeii 30iticterno
3 euxopucmanmnam indopmauii npo nompioni euxioni oami
ma uinbosi nepemeopeHHs, W0 GUHUKAIOMb Y KOMNIEKCL
«Quantons>, npu 63aemodii nidcucmem. Anzopumm nowy-
KY epanuuno epekmueHozo piuenns € nokpoxoeum. Ium
anzopummom nepe0dAAEMbCA NOKPOKOBE GUIHAMEH-
HSL ONMUMATILHUX NO NPOOYKMUBHOCMI NPOUECi6 3HAMEHD
napamempie 6 Mexncax ONOKYIOMUX KOHMYPI6 ma nocaioy-
10ue iX NOKpauleHHss no eHepzoepeKMmuU6HOCMi ma AKOCHI.
Bnacaidox euxopucmants noGHUX MHONCUH CIIPYKMYP NPO-
uecis, enemenmie ma OUCKPEmMHO-KOHMUNYATbHOL npoyedy-
DU NOWMYKY ONMUMATLHOZ0 pllieHHs 00CS2HYMa KOMRIeKC-
HICMb OnMuUMI3auii mexHiuHoi IHHOBAUiT
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1. Introduction

The Quanton diagnostic and health complex is a techni-
cal innovation designed to perform a triple function: non-in-
vasive diagnostics of people, gaining information about the
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characteristics of the desired health normalizing effect on
them and implementation of this effect. Non-invasive diag-
nostics combines spectral and binary methods. The spectral
method with a certain level of reliability allows identifying
organs that have deviations from the standards. The binary



method, with its level of reliability, confirms or denies these
results and, if confirmed, sets the necessary parameters of
the normalizing electro-wave bioresonance effect.

The combination of these functions in one complex
makes it promising for wide use. At the same time, to ensure
its effective application not only in health care facilities, but
also in everyday life, it is necessary to carry out optimization
synthesis. The purpose of this task is to optimize the struc-
ture and parameters of the complex to obtain proper per-
formance indicators: functionality, reliability of diagnostic
results, efficiency of health effect and productivity. However,
in the published patents [1, 2] methods of directed optimiza-
tion structural-parametric synthesis of computer-integrated
systems for combined performance of diagnostic and health
functions are not described and not used in practice. This
requires the creation of a special method of synthesis of such
systems. General scientific bases for this purpose are created
by works in the field of the theory of complex systems, theory
of mechanisms and machines, theory of optimization.

The method can be based on the application of informa-
tion invariants — typical structure models of processes and
objects, their logical and mathematical models, which are
unchanged during isochronous and higher time cycles of
technical systems.

The solution of this issue will allow creating a complex
with high performance in terms of functionality and effi-
ciency.

2. Literature review and problem statement

The published patents [1, 2] describe electronic meth-
ods and means for diagnosing disorders of the functional
and physiological state of people. Descriptions of approach-
es to research and mathematical modeling of diagnostic
processes of metabolic imbalance [3], myocardial infarc-
tion [4], obesity [5], hypertension [6] are also available.
The solutions given in these works allow creating diag-
nostic complexes to identify local disorders in the body,
but do not give a holistic view of health. In addition, such
complexes do not allow determining the methods and pa-
rameters of health effect on the body. On the basis of the
method [7], it is possible to build the Quanton diagnostic
and health complex with advanced functionality, but the
patent does not describe the method of synthesis and opti-
mization of such complex.

Many of the published papers detail the specific types
of technical and technological systems and their elements
for medical purposes. In particular, the paper [8] shows the
need to take into account the human factor in the develop-
ment of the human-machine interface. In [9], the method for
optimizing closed-loop information processing to improve
the efficiency of brain-computer interfaces based on visually
evoked potentials is described. At the same time, the method
of synthesis of the complexes required for this purpose is also
not described in the mentioned papers.

The work [10] shows that probabilistic diagnostic de-
cision support systems have the potential to accelerate the
diagnosis of rare diseases offering differential diagnoses
for physicians based on the introduction of the case and
medical knowledge. However, this paper does not identify
ways to ensure better performance and proper reliability of
diagnostic systems. The proceedings of the symposium [11]
present an interactive approach to computer-aided medical

diagnostics. But ways to ensure higher performance are also
not defined.

The study [12] substantiated the thesis of increasing
interest in using microwave systems in modern medicine.
However, this work, noting the relevance of applying new
approaches to solving diagnostics problems and normaliza-
tion of the functional and physiological state of people, does
not give methods of creating integrated complexes for their
solution. At the same time, many issues have been raised in
the technical literature that provide a scientific basis for
solving the basic problems associated with the creation of
these complexes.

One of the most important elements of such complex
systems is obtaining reliable diagnostic information about
the condition of the human body by non-invasive means. In
recent years, considerable interest of developers of diagnos-
tic methods and devices has been paid to time-frequency or
spectral analysis of the spectrum of signals of a biological
object. This analysis has become a well-standardized tool
for quantifying many clinical and physiological phenomena,
as exemplified by [13, 14]. Much attention was also paid to
the method of body impedance measurement. On the basis
of impedance measurements, the method of binary identi-
fication of the biosystem state on the basis of electrodermal
activity (EDA) or sympathetic skin response (SSR) is also
developed [15]. But these works do not provide the method
of structural-parametric optimization synthesis, which aims
to improve the functionality and productivity of the Quan-
ton complex.

A generalized approach to system engineering is outlined
in [16]. The classical work [17], which proposes the system
of elementary functions and version design method, allows
extending the possibilities of synthesis. The monograph [18]
presents theoretical principles and examples of application of
the object-oriented approach to synthesis problems. In [19],
the general system for solving modeling problems and using
information bases is described. There are also publications
showing the possibility of using the periodic system of
technical elements [20] and general laws of technological
development in the creation of technical innovations [21].
Possibilities of system management of productivity [22] and
energy efficiency [23] of general technical complexes are
described.

At the same time, in order to find extremely effective
solutions when creating the Quanton diagnostic and health
complex, it is necessary to have a sufficiently complete,
functionally holistic method that would allow performing
directed structural-parametric synthesis and optimization
of this complex.

3. The aim and objectives of the study

The aim of the study is to develop a method and perform
structural-parametric optimization synthesis of the Quan-
ton diagnostic and health complex using structural informa-
tion invariants. This will allow forming complete (within the
accepted classifications) areas of structural and parametric
solutions and provide the analytical design of the complex
with extremely high productivity.

To achieve this aim, the following objectives were set:

—to develop a general algorithm of directed (non-ana-
log) structural-parametric synthesis of the Quanton diag-
nostic and health complex;



— to determine the possibility of using general informa-
tion invariants to form possible structural solutions of the
complex;

— to formalize the problem of integrated structural-para-
metric optimization of the complex;

— to propose a method for finding the extremely effective
parametric solution for structural variants of the complex;

— to evaluate the efficiency of the algorithm of integrat-
ed structural-parametric optimization with the option of
technical audit by the increase of productivity levels of the
diagnostics process and change of the optimality criterion.

4. Application of information invariants for
structural-parametric optimization synthesis of
the Quanton diagnostic and health complex

4.1. Development of a general algorithm of directed
(non-analog) synthesis of the complex

The extreme efficiency of the complex as a system can
be achieved by integrated structural and parametric opti-
mization. This involves finding complete sets of possible
structural and parametric solutions, among which one
optimal solution is determined by the optimality criterion.
Applying the principle of informational subordination of
synthesis stages, it is possible to use a general deductive
approach (algorithm) to solve the specified problem with
the following stages:

1. Generation of basic output data.

2. Setting constraints on the complex and its subsystems.

3. Formation of an overall set of structural decisions
using the most common information invariants — ways of
providing the required properties of the complex, struc-
tures of their phase cycles and possible levels of techni-
calization. Each level of technicalization corresponds to a
typical structure — information invariant — of the periodic
system of technical elements [20]. The overall structure is
specified.

4. Each element of the general structures is parameter-
ized, the deductive dependency system (complex information
invariant) is used. The problem of optimization by the pro-
cess performance criterion is formalized.

5. Optimization is performed, a solution is selected that
meets the globally extreme value of the optimality criterion.
Analytical technical audit of the feasibility of using sets of
methods of controlling the performance, energy efficiency
and quality of the system using profile information invari-
ants — structures of the corresponding methods is carried
out [22, 23].

Given the relatively small number of possible ways to
ensure the desired properties of the complex, structur-
al-parametric synthesis can be performed by linear search of
variants, starting with the simplest one.

4. 2. Generation of basic output data

Solving the problem of synthesis of the complex involves
the formation of lists of known attributes and those to be
defined and their hierarchical levels.

According to the general system methodology for creat-
ing technical innovations [21] and features of the Quanton
Complex, information on this can be presented as shown in
Table 1.

Based on the data of Table 1, it is possible to define the
main constraints on the complex and its subsystems.

Table 1
List of Quanton complex attributes
. Attribute
No. Attribute definition Attribute value
name
level
Scope of Health care facilities,
1 S Supersystem .
application everyday life
. Performing diagnostic and
2 Purpose Supersystem health-improving functions
1. Spectral-wave diagnostics
Functions 2. Binary diagnostics
3 (most Supersystem | 3. Resonance-wave recovery
common) (normalization of functional
and physiological state)
In diagnostics:
1) determination of frequency
spectrum deviations from the
standard;
2) measurement of skin resis-
4 | Principles System and | tance in the body’s response to
P subsystems | the semantic influence of the
information marker.
In recovery:
quantum resonance action by
high-frequency electromagnet-
ic waves
System: serial, discrete-con-
5 | Processes System and | tinuous
subsystems | Subsystems: parallel, dis-
crete-continuous
6 | Structures System and Defmed. when solving the
subsystems | synthesis problem
System and | Defined when solving the
7 | Parameters -
subsystems | synthesis problem

4. 3. Setting constraints on the complex and its sub-
systems

The optimality criterion is the process performance
indicator. Limiting contours form parametric, functional
and algorithmic constraints, which are valid in all stages
of life cycle (LC), the main types of which are given in
Table 2.

Table 2
Main types of constraints on the complex and its subsystems

No. Types .Of Main content
constraints
{ Natural Compliance of the complex and its subsystems

with the laws of nature

Compliance with strength, reliability, accuracy

2 Technical and other constraints

3 Organiza- | Providing organizational conditions for func-
tional tions, their configuration, production and others
4 | Temporal Creation and functioning of the complex must

take place at certain intervals

The complex must meet the characteristics of

5 | Ergonomic the human body

Investment and cost of the complex must be

6 Economic limited

Environ- The complex must be environmentally friendly

mental

As organizational constraints, requirements are set to
adapting the complex to the needs of each organism and



possibility to have stationary and portable implemen-
tation.

5. Definition of common sets of structural solutions using
information invariants

The structure of the complex is determined by its func-
tions (Table 1), methods of their provision and levels of
technicalization.

Methods to provide the required system properties in-
clude all stages of equipment life cycle (LC), combined into
ranked clusters (gradually complicated). Fundamentally
possible methods of providing the desired properties of the
complex as a system can be those given in Table 3.

Table 3
Possible methods to provide the required properties of the
complex
No. Meth.od ar}d its Phase cycle clusters — F; Name
designation 7
Using the system
1 | without reconfig- FoU; Control
uration — CT
Using the system e
2 | with reconfigura- | [(TOU)@F@Upl@U, | Reconfis
tion — RC uration
. ] [(A®U,)®(DOU¢)®
5 U“ﬁggzg“’d ® (Ly®Up)® (POUN® | Modern-
svstem — MD ®(COU,)®(SdU)® ization
v B(TOU)R(FOU)) |®Uj,
j (DOUY)R(POU)®
Using the newly B(COU)D(SBUL®
4 created system of STV ®(FEUH® Restruc-
traditional t f turing
P ®(NOU,)®(ROU,)®
®(MOU,)R(LOU)) |@Uj,
[(A®U,)®(DOU¢)®
Using the newly ®(POU;)®(CaU.)® Inno-
5 created system of ®(SOUH)R(TOU)® vative
innovative R(FoUp®(NeoU,)® buildin
form — IB ®(ROU,)O(MOU,)® 8
®(LoU)|oU;.

Table 3 indicates the structural information invariants —
typical phase cycles — LC components, on which the corre-
sponding functions are implemented. The LC components
include the following functions: intellectual activity (A) (syn-
thesis of ideas, research, marketing); design and technological
development of the object — design (D); production (P);
certification (C); sales (S); tuning and training (T); func-
tioning (F), repair (R); maintenance (N); modernization (M)
and utilization (L). Index “b” means belonging to the old
(former) system; Uy, ie{A, D, P, C, S, T, F, R,N, M, L}, U} —
control systems for phase subsystems implementing the
phase cycles and LC as a whole. The sign @ stands for par-
allel execution of actions (functions, cycles), and the sign
® — consecutive.

Based on Table 1, a column matrix of phase cycle clusters
is formed for each method:

cl

where Fgj, je{1, ..., 5} are the phase cycle clusters for the meth-

ods CT, RC, MD, TR, and IB, respectively, listed in Table 3.
The structure of the phase cycles of the fifth method

determines the most common typical structure of the LC:

LC=[(A®U,)®(D&Uy)®(POU)®(COU,)®
®(SOU,)(TOU)®(FOU)@(NSU,)®
®(ROU)®(MOU,)®(LOU))| &U,. 2)

Within each phase cycle, own technological processes,
containing clusters of inherent operations are carried out.
Since each technicalization level of functions corresponds
to typical structures, at the 5th stage it is possible to for-
mally determine sets of possible structures for each sub-
system of the complex. Generation of a set of variants of
the general structures of the complex as a whole is done by
combining typical structures for each selected method and
each phase cycle of the LC. This takes into account possi-
ble ways of combining functions in parallel and sequential
implementation.

Their technicalization levels from the set of possible
technical elements specified by the periodic system are
to be determined [20]. It is possible to choose from the
following levels of technicalization: manual — M, mecha-
nized — H, automated — A, intellectual — I, intelligent — U,
self-organizing — S, self-reproducing — R.

The levels of technicalization determine the amount of
required material and energy information resource and level
of optimality criterion. Therefore, these levels need to be
optimized.

The controlled target phase cycle, required for the Quan-
ton complex, whose structural invariant is given by the F&Uy
model (CT method), should implement the functions given in
Table 1. However, the readjustment requirement also needs
the implementation of the phase cycle inherent in the RC
method with its [(TOU)®(F®Uy)|®Uy; At the same time,
today there are no diagnostic and health complexes with the
functions specified in Table 1. Because of this, there is one of
three more difficult methods for synthesis: MD, TR, or IB.

Forming the general structure of the complex, it should
be borne in mind that each function has a typical cluster
(structural information invariant) — a triad chain, which, in
addition, includes control and auxiliary functions [22]. On
the basis of this, taking into account [7, 17], the structure
of more specific than in Table 1, generalized functions per-
formed by the Quanton diagnostic and health complex can
be presented as shown in Fig. 1.

[ He2 Hs H«]
(s HeH7Hs]
w Moo Moo b

Fig. 1. Structure of generalized functions of the Quanton
complex

Fig. 1 shows the generalized functions:

1 — creation of spectral-frequency information standard
of the general functional and physiological state of the hu-
man body;

2 — spectral-frequency diagnostics of the general func-
tional and physiological state of the person, determination of
the real frequency spectrum of the human body;



3 — determination of the deviation from the spectral-fre-
quency information standard, the values of which form a
preliminary list of problem organs for which information
markers are created;

4 — determination of the preliminary sequence of actions
on problem organs;

5 — determination of the current electrical resistance
between the determined points of the body, one of which
must be bioactive;

6 — creation of an electrical standard of the general func-
tional and physiological state of the person;

7 — creation (selection) of information markers for binary
diagnostics of human organs and systems in accordance with
the defined preliminary sequence of actions on the problem
organs;

8 — sequential submission of request signals in accor-
dance with the defined preliminary sequence of actions
using information markers regarding the binary character-
istics of systems and organs, values of frequency and time
parameters and number of sessions of the required electro-
magnetic quantum-wave impact on the body;

9 — receiving responses on deviations of feedback signals
from the information standard on the state of human sys-
tems and organs;

10 — formation of a refined list of systems and organs
and the sequence of actions to restore the functional and
physiological state of the person according to the results of
body responses;

11 — restoration of the functional and physiological state
of the person by periodic quantum-wave action on the body
by electromagnetic fields with defined frequency and time
characteristics and number of sessions, in accordance with
the defined sequence of actions.

The generalized functlons shown in Fig. 1 should be con-
sidered as basic functlons f ) each of them havmg its own
preparatory functions f and final functlons fg as well as
preparatory for the preparatory function f ) There are also
the final function with respect to this function, that is f
the preparatory function for the final functlon f ,as well as
the final function for the final function — fgg The functions
fim and € {1, N }, where N=11 is the number of functions, at
its upper hierarchical level j can have a complex structure.
Complexity is caused not only by the need to have auxiliary
and control functions, but also by the possibility to combine
the functions in the following ways:

— sequential:

= fie fh 3
— parallel:

]ti(1'+1)
— network:

7= e ef 7,

oc{o . (6)

195 )

For the transition from functional to elementary struc-
tures, it is advisable to use a universal modeling unit — in-
formation invariant, which reflects the target and forced
transformations:

Spr.\‘ p[y (6 )

\ (W) :>S(WW)/

Here: S(l;k), kke{xx, yy, vo, ww}, &e{i, j} is the &-th
system (subsystem) at time ¢,,, me{x, y}, whose state corre-
sponds to the upper index (kk); S, is the environment. The
double horizontal arrow indicates the target transformation,
and the single broken one indicates the forced transfor-
mation, which results from the change in the resource of
the conversion system S; when it affects the converted sys-
tem S;. Single sloping lines reflect the interaction of the sys-
tem (subsystem) with the environment.

The model (6) reflects the general structure of the inter-
acting systems (subsystems) over two phases: initial (indices
of subsystems xx and vv) and final (indices of subsystems yy
and ww). This model is obtained by matching the element
of the function implementing it, taking into account their
location in the environment, based on the general definition
of the system.

The structures of subsystems can be specified on the ba-
sis of object classifications and their hierarchies [18].

Since the industry is currently producing modular de-
signs that integrate multiple functions, depending on the
optimality criterion and constraints, it is often advisable to
use such objects. For example, there are diagnostic modules
that comprehensively provide the implementation of the 3
functions indicated in Fig. 1 as 1, 2 and 3 with their control
and auxiliary components.

Given this, one of the variants of the diagnostic and
health complex may have a general structure, shown in
Fig. 2.

Fig. 2. Variant of the general structure of the Quanton
complex

The complex includes:

1 — programming and computing unit with housing,
memory and monitor;

2 — diagnostic and analytical module;

3 — set of electronic copies of information markers;

4 — passive electrode;

5 — probe electrode;

6 — conductive bracelets;

7 — generator capable of programming to different oper-
ating modes and frequencies of electrical sinusoidal pulses
with a power source;

8 — switching devices.



The complex is additionally equipped with:

9 — capacitive sensor with a digital converter,

10 — generator of pulses, the shape of which is close to
rectangular, connected to the diagnostic module 2 and the
passive electrode 4 and the probe electrode 5. The complex
also includes the unit 11 for rapid signal decomposition in
the Fourier series and the unit 12 for comparing the obtained
characteristics of the Fourier series with the standard (refer-
ence) characteristics in the unit 13.

The probe electrode 5 may have the manual (M) level
of technicalization or be made as multi-contact, completed
elastic fastener that allows obtaining the automated (A)
level. To realize level A, a multiplexer is introduced to the
complex, which provides sequential reading of signals from
the electrodes. As a programming and computing unit 1,
smartphone, tablet or laptop can be used, which allow an au-
tomated or partially intelligent technicalization level of the
complex. Implementation of higher levels of technicalization
requires special research and design work.

The complex operates as follows.

At the preparatory stage, spectral-frequency standards
of the body, introduced into the memory of the programming
and computing unit 1 with memory unit and monitor are
created a priori, through statistical processing of the mea-
surement results.

At the first operating stage of the complex, the real
frequency spectrum of the human body and its deviation
from the spectral-frequency standards are determined. To
do this, an electric circuit is formed: passive electrode 4 —
human body — programming and computing unit 1 with
memory unit and monitor — capacitive sensor 9. This allows
measuring the signals and performing spectral analysis
thereof, passing through the unit 11 of rapid signal decom-
position into the Fourier series. Next, characteristics of the
spectral-frequency diagram are introduced in the unit 12 to
compare the obtained characteristics of the Fourier series
with the standard (reference) characteristics. According to
the maximum values (for example, in decreasing order of
their values) of deviations, the list of organs is determined,
the functional and physiological state of which should be
normalized.

In the second operating step, markers 3 are used for the
determined list of organs and, using the organized electrical
circuit, request signals regarding the binary characteristic
(whether or not it is necessary to normalize) of their state
are sent. For those biological structures that have given
positive feedback on deviations of feedback signals from the
information standard, markers are formed to determine the
values of the frequency and time parameters and number of
sessions of the required electromagnetic effect on the body.
For this purpose, an electric circuit is formed: passive elec-
trode 4 — diagnostic module 2 — probe electrode 5, passing
electric current through it, answers are obtained by chang-
ing (increasing) the electrodermal activity. As information
markers, content-ranked, deductively selected (so that the
subsequent marker specifies the content of the previous one),
biofield (mental), sound, or contact-text semantic structures
can be used.

In the third stage, restoration of the functional and
physiological state of the person is carried out by periodic
quantum-wave action on the body by electromagnetic fields
with defined frequency and time characteristics and number
of sessions. Quantum-wave action on the body is carried out,
passing the electric signal with the specified characteristics

through the human body. The circuit includes conductive
bracelets 6, programmed to the required operating modes
and frequencies, generator 7 with a power source and switch-
ing devices 8. The generator electrically supplies a sinusoi-
dal signal at frequencies within the upper half (more than
500 MHz) of megahertz and lower half (up to 100 GHz) of
the gigahertz range.

Quantum-wave action on the human body is carried
out by supplying a signal through the zones located on op-
posite (right and left) hands. Quantum-wave action must
meet ergonomic constraints. This action, entering the field
resonances with the biological structures that have devi-
ations from the standards, changes their quantum energy
characteristics. Since the body independently determines
the characteristics of quantum-wave action, such influence
is optimal and leads to the restoration of the functional and
physiological state of the person.

Signals can be sent during sleep or any other activity (for
example, in the workplace, in transport, etc.).

The procedure, starting from the third stage, is repeated
for those biological structures that have deviated signals
from the information standard, until the maximum approx-
imation to the normative values is reached. However, the
number of sessions is limited to 4 because of the inertia of
biochemical reactions.

Therapy in the Quanton computer hardware and soft-
ware complex is carried out in the mode of continuous adap-
tive action.

Deterministic electromagnetic radiation on the body
(including in the area of biologically active points) affects
it, correcting the spectra and healing both individual organs
and the whole body.

When using information markers, the priorities of which
are ranked by the values of deviations of the real frequency
spectrum of the human body from spectral-frequency stan-
dards, quantum-wave action by electromagnetic fields grad-
ually brings the organs closer to the normative state. Thus,
part of the overall optimization procedure to maximize the
productivity of the complex at the stage of diagnosis and
operation is performed simultaneously.

In the Quanton complex, spectral and binary methods for
obtaining information about the state of a biological object
(human) are organized through two independent channels.
Operations on these channels are performed sequentially, the
results of the first one being a condition for the start of the
second one. In order to minimize the possibility of errors in
the diagnostics, both spectral and binary methods allow repe-
titions, which affects the overall productivity. Productivity is
significantly affected by the level of technicalization of these
processes. At the manual level of technicalization, the time
spent on obtaining and processing information during diag-
nostics can be ten times higher than at the automated (com-
puterized) level. Therefore, it is also necessary to optimize the
complex by the criterion of process performance.

6. Parameterization of elements and formalized
formulation of the parametric optimization problem

Parameterization of the elements of the resulting set
of possible common structures must be performed for all
attributes. For this purpose, clusters of geometric, electric,
magnetic, strength, thermal, time, economic, environmental,
ergonomic, physiological and other parameters are identi-



fied, which significantly influence the chosen optimality
criterion and system restrictions. The need for identification
and parameterization of attributes is specified by the tasks
and conditions of synthesis, in particular, conditions for the
use of modular structures and multifunctional components.
Level by level, starting from the hierarchically lowest,
parametric optimization synthesis of subsystems using the
given criterion and defined general constraints is carried out
by specifying and solving the formally stated general prob-
lem on the basis of a universal system of dependencies [21].

W1(Z),W2(2), .., Wn(Z), (7)
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where:

— W — vector — optimality criterion;

— ¢t — time;

— X1, X9, Xn3 Y1, Y2, Ym, 21, 22, 2k, Uy, N €{k,0,n} — param-
eters and control actions at the levels of the supersystem,
system and subsystems, respectively;

-8, — sequences of control actions;

—sign A/ means the algorithm of the procedure provided
by the theory of deductive systems to determine the values
of algorithmic constraints and tolerances;

—®, f, —functional dependencies;

—|S;| — structure;

—II — parameter vector;

— subscripts mean: £ — supersystem; o — system; n — sub-
system,

— i —level of hierarchy;

— j — number of functional restriction;

— p — relation to the parameter;

— opt — optimal value;

— superscripts “—” and “+” mean lower and upper toler-
ances, respectively.

Dependencies (7), (8) are an information invariant that
reflects the general conditions and limitations of creation,
structuring, functioning, possible development (modern-
ization, restructuring), communication, control and trans-
formation of the system. If specified, these dependencies
allow solving the problem of complex optimization by the
formalized method. In addition, a comprehensive analysis
of the effectiveness of various system performance, energy

efficiency and quality measures offered as an option in the
course of technical audit can be conducted on their basis.

When setting and solving the problem of structur-
al-parametric optimization of the Quanton complex by the
performance criterion under constraints, including by reli-
ability at the stage of operation, these dependencies can have
the following form.

— optimality criterion:

Ly=t, + 1+ kR, +1" +1, — min; )
— restriction:
(1-qlqy)=[Pd];

n>1;

(10)
4>m>1,

where ¢ is time; subscripts pf indicate preparatory and final
time; s, b, re is the ratio of the parameter to the operations of
spectral and binary diagnostics and recovery, respectively;
ts, tp is the main (machine) time of the specified operations;
gs, q» are the error probabilities in spectral and binary di-
agnostics operations; [Pg] is the general tolerance for the
probability of obtaining the required information during
diagnostics. The coefficient £ and the exponents n and m
denote the number of changes of measurement points and
the number of repetitions of spectral and binary diagnostics
operations. Number 4 is the maximum allowable number of
measurement repetitions at one biologically active point.

In Fig. 3, the n—m coordinates show the limiting contour
formed by constraints (10).

An

1 2 3 4 5
te=min
Fig. 3. Limiting contour formed by constraints (9)
The point corresponding to ¢;=¢ min with sufficiently

high accuracy of diagnostic operations is also noted, which
ensures that constraints are satisfied (10).

7. Optimization and technical audit of the complex

It is advisable to perform the procedure of complex opti-
mization, given the presence of multioperational structures,
step by step, using discrete-continuous 3D models [24]. In
the first stage, clusters of limiting contours are built, which
form the areas of permissible parametric solutions for each
of the sequential operations. This takes into account all
types of constraints given in Table 2. In the second stage,
for each of the possible methods and technicalization levels,
the Pareto-optimal solution by the performance criterion is



determined. In the third step, a globally efficient solution is
determined within the complete set of clusters correspond-
ing to the complete set of structural solutions by performing
a comparison procedure for the optimality criterion. The
fourth stage is system analytical technical audit by the
energy efficiency criterion. In the fifth step, the synthesis is
completed based on the comparison of quality indicators and
selection of the best option.

Given the relatively small number of variables affecting
the optimality criterion (8) and the additive nature of the
component influence, the solution of the structural-para-
metric optimization problem can be found by search over the
options. At the same time, it is advisable to use many typical
ways of increasing the productivity of technical systems
during the search [22].

In principle, in order to increase the efficiency of the
process during the operation of the Quanton complex, it can
be found that the reduction of the values of these variables
can be achieved by:

—automation of preparatory work (reduction of #,)
when changing the technicalization level from P to A;

— increasing processor speed (reduction of ty);

— minimization of the initial scope of work due to the
preliminary selection of diagnostics objects according to the
results of integrated evaluation of the body radiation spec-
trum (reduction of ¢,);

—improving the performance of preparatory work
through the use of high-speed processor (reduction of #,);

— automation (change of technicalization level from P
to A) of the search process and installation of contacts of the
sensor head and information processing (reduction of z,);

— minimization of the time of supplying test signals (re-
duction of ¢;);

— use of multi-contact head (reduction of &);

— increasing the accuracy of spectral and binary diag-
nostics (minimization of # and m);

— minimization of the duration of the main wave influ-
ence and the number of sessions due to independent selection
by the body (reduction of z,,).

With the standard level of [P,]=0.99 and real sufficient-
ly wide values of g,=¢,=0.1, condition (9) holds for n=m=1
(P;=1-0.1-0.1=0.99). This provides optimization of the
operating modes of the complex, which give it maximum
productivity.

Reduction of each of the durations ¢z, t;, tym, t; and
t,. will improve the parametric solution by the optimality
criterion.

Practical implementation of this can be achieved by
improving the design of the elements of the complex. The
field simulation showed that providing automation of the
binary diagnostics process with the use of a multi-channel
head (multiplex sensor) will lead to a significant (from
30-40 min to 0.2 min) reduction of ¢,. This will also allow
for a minimum value of the coefficient £ and eliminate the
effect of the exponent m on ¢; due to the small . In general,
achieving t;,=t;,=0.1 minutes will increase the productivity of
the diagnostic process to (30—40)/0.2=150-200 times and
for t,,=60 minutes will provide an increase of the optimality
criterion by 1.5 times.

Further improvement of the complex by increasing its
energy efficiency and quality can be carried out on the basis
of technical audit. The algorithm of system technical audit
can be based on the use of the general model of the target
transformations arising in the interaction of the converting

and converted systems according to the model (6). The audit
determines the total energy consumption per unit of output
and quality of the system. At the same time the expediency
of using methods of ensuring high energy efficiency of the
processes in each of the operations in the system of elements
of the set of structures is defined. The selection criterion is
assessment of the possibility of improving the performance
indicators with the estimation the “cost-effect” ratio for each
of the possible methods to improve the energy efficiency of
the system. By the results of definition of this criterion, tak-
ing into account the available general restrictions, a decision
is made on the option of modernization of technological
subsystems. A complete (within the accepted classification)
set of possible structural solutions for the main efficiency
indicators is given in [23]. The matrix — the row rj; of possible
methods to improve energy the efficiency is as follows:

7ij{EiXN, RgxN, CpxN, Ejxh, Rxh, Cpxh, ExM,,
RxM,, CpxMy, EixAq, RixAq, CpxAg, Eixly, RaxIy,
Coxly, AgxN", LxN", DoxN*, Ag<h”, ILxh", D xh",
DxM,", LxM,", DxM,", DyxA,", IxA,", DxA,,
DoxI,", LI, DxI,’), 1)
where 7;;is the set of functions, the duration of which affects
energy consumption: M, — main actions; A, — auxiliary
actions; I; — idle time; a set of methods that allow reducing
energy consumption, reducing the length of the cycle: E; —
elimination; R, — reduction; C, — combination; index * means
a symmetric set of methods aimed at energy self-sufficiency
of the system for the energy-giving functions: A, — addition;
I,, — increase; D, — division.

With this set, it is possible to form a complete set My, of
possible structural energy efficiency solutions for each possi-
ble method of system change:

Mnsh :Mshxn;" (12)

where the superscript “T” is the sign of transposition.

The feasibility of using each element of the set M,g, is
determined by comparison with the standard. Thus, the
most energy-efficient pulse generator, diagnostic module,
processor, multiplexer and other components are selected
for the complex. The experience of applying this technical
audit algorithm has shown the possibility to increase energy
efficiency by more than 30 %. This is important in particular
for the portable version of the complex.

To ensure the maximum quality of the complex, analysis
of the accuracy of the frequency and reliability of the gener-
ator is carried out, which has a direct impact on the person.
Among the possible options, a variant having an index not
lower than the standard and better “cost-effect” ratio is
chosen.

8. Discussion of the results of using information
invariants for structural-parametric synthesis and
optimization of the Quanton diagnostic and health

complex

The developed method of directed (non-analog) struc-
tural-parametric synthesis of the Quanton diagnostic and
health complex is based on the use of the proposed algorithm
of searching for structural-parametric solutions in combina-
tion with general information invariants of technical inno-



vations. The logic of the algorithm is based on the deductive
approach and the principle of informational subordination of
the stages of preparation and search of necessary solutions.
Selection of information invariants is ensured in such a way
as to obtain unspecified structures of functions and elements
of the complex as a whole. This allowed solving the main
problem of analytical design of the complex — non-analog
determination of the set of possible variants of its ordered
structures. The latter created the conditions for the for-
malized formulation of the problem of integrated structur-
al-parametric optimization of the complex (dependencies
(7) and (8), which are specified for the Quanton complex by
dependencies (9) and (10), respectively). Ordering of infor-
mation invariants in order of increasing complexity and the
form of dependencies (9) and (10) became the basis for de-
termining the method of searching for variants of structures
and values of parameters that ensure extremely high pro-
ductivity. Extremely high productivity is ensured by joint
optimization of the structure and parameters of the complex,
taking into account the completeness of their domains of
existence. This is the main advantage of the method.

Taking into account the completeness of the domains of
existence of structures and parameters and the possibility
to perform synthesis without applying analogs are the fun-
damental difference of the proposed synthesis method from
traditional heuristic and evolutionary ones. The direction of
synthesis due to the ordering of information invariants dis-
tinguishes the proposed method from existing combinatorial
methods.

An additional advantage of the proposed method is the
ability to control the functionality, technicalization level
and other indicators of the complex using appropriate in-
variants both in directed synthesis and in analytical audit.

The proposed algorithm of analytical technical audit
takes into account the results of optimization by the produc-
tivity criterion and at the same time allows improving other
indicators of the complex, in particular, energy efficiency
and quality of the system.

The synthesized Quanton complex, due to biological
feedback and binary identification of the biosystem state,
enables the human body to independently determine the
characteristics of quantum wave action, so its impact is
optimal and leads to the restoration of the functional and
physiological state of the person, increasing the adapt-
ability and restoring self-regulation and self-regeneration
mechanisms.

Quantum-wave action on the body can be carried out at
home, during sleep, or be combined with any other activity
(for example, in the workplace, in transport, etc.). In this
case, the method increases its efficiency due to the consistent
elimination of disharmonic processes, which have deviations
from the normative characteristics, on the parameters, to
which it responded and determined.

Since using the complex increases the amount of in-
formation obtained during diagnostics, the accuracy of

diagnostics increases. For example, if the spectral-frequency
method gives an error of 15 %, and the method at the body’s
request with the help of markers — at the level of 10 %, then
the total error will be reduced to 0.15x0.10x100 %=1.5 %.
Increase of the productivity of the complex is achieved by
reducing time losses at the previous stage of selecting organs
with deviations, since additional information is used in the
overall diagnostics of the human body according to its spec-
tral-frequency response.

The experience in using the proposed complex for more
than 3,000 people at the manual level of binary diagnostics
confirmed the achievement of the specified functionality and
performance indicators.

The proposed general synthesis algorithm, used to de-
termine structural and parametric solutions of the Quanton
complex, is also suitable for solving the problems of complex
optimization of other multioperational complexes. Con-
straints are that the dependencies (7), (8) are further refined
for each other complex based on the use of the specified
synthesis conditions. Additional research is required for the
principles of choosing information invariants and conditions
for the use of computer-aided design systems for synthesis.

9. Conclusions

1. The general algorithm of structural-parametric syn-
thesis of the Quanton diagnostic and health complex is pro-
posed, the novelty of which is to use information invariants,
which allow forming complete areas of possible structural
solutions and determining the set of general dependencies for
parametric optimization.

2. As information invariants, sets of methods to obtain
the functional properties of the complex, phase cycles of the
life cycle, structures of technical subsystems and means to
control the technicalization levels, productivity and energy
efficiency of processes can be used.

3. Completeness of the domains of possible structural
solutions, combined with the set of dependencies that bind
the parameters, allows setting and solving the problem of a
new level: integrated structural-parametric optimization of
the complex.

4. The search for the extremely effective solution involves
step-by-step determination of optimal parameter values
within the limiting contours for each of the structural vari-
ants of the complex ranked by the level of complexity.

5. The use of the proposed optimization algorithm with
the option of analytical technical audit allows increasing
the productivity levels of the diagnostic process up to
150-200 times. In this case, the assessment of the level of
the selected optimality-productivity criterion of the complex
as a whole can increase 1.5 times. In addition, conditions are
created to select an element base with higher energy efficien-
cy, accuracy and reliability. This is a reserve for improving
the operational properties of the complex.
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