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INFORMATIONAL ASPECTS OF THE HAPTIC STIMULATION
BY THE LIGHT FOR CORRECTION OF THE HUMAN FUNCTIONAL STATE

Introduction. The study of the laws and principles of information processes in the biological
systems of the human body in extreme forms of its activities and the development of the theory
of medical information systems of such appointment, taking into account the status and
trends of convergence of society, ecosystems and technology become very relevant. This state
of affairs makes it possible to affirm that it is an actual scientific and applied problem of
radical change of the existing paradigm of designing information systems.

The purpose of the article is to specify the informational aspects of low intensity, haptic
stimulation by the light, which is essential for correction of the functional state of an
organism of the human being, who works in extreme conditions, to develop and study such
methods and systems.

Methods. Analyses of requirements, functions and systems for designing synthesis of in-
formation technologies and the control biotechnical system of correction of the functional
state of an organism of the human, who works in extreme conditions. The theoretical and
experimental dependences between the stimulation energy of light emission diode (LED) and
the energy are transferred through the layered bio media design. Mathematical modelling
and computational simulation. Comparison of these real and model data.

Results. The base aspects requirements, functions and systems for designing synthesis of
information technologies and the control biotechnical system of correction of the functional
state of an organism of the human, who works in extreme conditions, low intensity, haptic
stimulation by the light are defined. The methods for determining of intensity I , of light emission
diode, recursive expression [ =C, I, , m= LM and formula for coefficient C,,, where M —

m>-m—
quantity of bio media layers were developed. The bridges, which connects Maxwell's phenome-
nological theory with the atomistic theory of matter and optics, were used.
Computer simulation studies have confirmed the specification of requirements, func-
tional and structural schemas of biotechnical system.

© M.V. BACHYNSKYY, B.I. YAVORSKYY, 2018
60 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 1 (191)


https://core.ac.uk/display/286085437?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Information Aspects of the Haptic Stimulate by the Light for Correction of the Human

Conclusions. Thanking to specification of requirements possibility-using recursive de-
termining of the light flux intensity after every bio media layer was got. Under the effect of
recurstion low computation complexity was caused. Information technology means (for
automation optimal control) of the human state under external influences on the organism
was developed. Further study to confirm statistical significance in representative samples of
observations was opened.

Keywords: haptic stimulate, light, information biotechnical system.

INTRODUCTION

The study of the laws and principles of information processes in the medical and
biological systems of the human body in extreme forms of its activities and the
development of the theory of medical information systems of such appointment,
taking into account the state and trends of convergence of society, ecosystems and
technology, becomes very relevant[1]. Solving the problems of prevention,
diagnosis, correction and rehabilitation of a person's condition appears to be
necessary because of the conditions of its activity [2]. At the same time,
information technologies are increasingly gaining importance in solving the
problems of collecting, storing, processing and transmitting information and
research, modeling, diagnosis, forecasting and correction of the functional state of
biological and medical systems of human under extreme conditions. In existing
medical information systems, electromagnetic radiation [3] is used for obtaining
information from a bioobject and for correction of its state including optical
range [4]. Effective in terms of the complexity of managing radiation
characteristics are its semiconductor sources [5], but for use in information
technology, they are not intended and are investigated only in the direction of
increasing the efficiency of converting electricity into radiation energy. The
processes of radiation by the source, its propagation to the bioobject, the
interaction with the bio-environment are presented in the framework of
mathematical models [6], which are used in phototherapy systems, visualization of
the results of biomedical research in diagnostics. They do not properly take into
account: a) the physical and biological properties of the bioobject as a medium for
the transmission of information by radiation; b) own bioelectric activity of organs
and tissues; ¢) basic informational aspects; d) criterion of optimality in the sense of
the theory of biosystems.

The optimal solution of each application based on mathematical models,
including informational, functional, structural, logical and heuristic, algorithmic
modeling of processes in a living organism in norm in extreme conditions. These
requires a common theoretical basis, new formulation and solution of a number of
tasks of a systemic nature. These are: a) inclusion in the medical information
system and information technologies of obtaining, storing, transmitting and
analyzing medical and biological information of different levels of organization of
information processes in physiological effects, that arise when radiation
characteristics are different; b) identification and construction of appropriate
metrological norms of radiation, and reactions to its biological objects; ¢)
definition of conceptual foundations for formulating tasks of synthesis of
structures and functions of information systems and technologies based on wave
and quantum concepts; d) construction of methods for the study of information
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processes and management processes in biological and medical systems with the
help of intelligent information technologies; e) verification of information and
mathematical modeling of medical, biological and biotechnical systems for
monitoring and correction of the organism, which is in extreme conditions. This
state of affairs makes it possible to affirm that it is an actual scientific and applied
problem of change of the existing paradigm of designing information systems,
which is essential for informative light correction of the functional state of an
organism of the human being, who works in extreme conditions.

INTRACEPTION AND HAPTIC INFORMATIVE SENSORY FUNCTION

The contradiction between the data on interoception and the concepts of psycho-
physics (i.e., the sensory function was associated with a sensation, that arises
when stimulating the receptor) recently had been stated [7, 8]. Later is stated,
that interoceptive stimuli do not cause sensations [9]. A reliable evaluation of the
interoceptive function was only possible after the development of electrophysio-
logical method and the appearance of the method of conditioned reflexes. In our
time, the interoceptive system is considered as an afferent link in the autonomic
nervous system. Interoceptors mostly represent diffuse structures; they are simi-
lar to the skin receptors. The afferent pathways coming from these receptors are
much more complex. Most of the impulses come from the visceral receptors to
the central nervous system.

Most afferent interoceptive impulses come to the thalamic nucleus of the
item ventralis posterior, that is an important switching station. Cortical represen-
tation of interoception can be found in the sensorimotor cortex, as well as in the
limbic region located on the medial, latent surface of the cerebral hemispheres.
The presence of this central representation makes it possible to understand why
interoceptive stimuli, without causing sensations, nevertheless often affect the
behavior of humans.

Interoceptors of all types perform two main functions: first, they constitute af-
ferent link of special vegetative reflexes, which play an important role in maintain-
ing homeostasis in the body; secondly, by sending information on the state of inter-
nal organs, they affect the state of the central nervous system. Impulses from these
receptors have a profound effect on a higher nervous activity. The specificity of
interoceptors with respect to different types of physical energy is challenged.

It is proved that interoceptive information is transmitted by the frequency
code, some regularities of such a transmission were established, a correlation
between the intensity of the stimulus and the frequency of impulses diverted
from the nerve was found. To study afferentiation simultaneously recorded EEG.
Traced changes were caused by desynchronization of the EEG (the alpha resting
rhythm). It was also possible to remove the evoked potentials from certain areas
of the cortex. At the same time, these painless irritations did not cause any sen-
sations. This shows that interoceptive impulses do indeed reach the brain and
alter the electrical activity of some cortical neurons.

Two types of afferent nerve mechanisms began to be distinguished, namely,
conscious and unconscious activity. It is possible to postulate that in humans
interoceptive impulses remain in the sphere of the unconscious. Now we do not
have any data on the decoding mechanism in the brain responsible for the un-
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conscious integration of a huge mass of impulses and the transformation of un-
conscious signals into conscious information.

Sensory receptors are found all over the body including the skin. Senses are
sometimes referred with the understanding that includes the sense of touch (e.g.,
by the stick), proprioception, and haptic perception. The concept of haptic per-
ception is related to the concept of extended physiological proprioception, ac-
cording to which when a tool such as a stick is used [10]. Haptic perception relies
on the forces experienced during touch. Such force also arises under the influ-
ence of light. Then the light is used for the transmission and identification of
information, manipulation of biological substances, in fundamental research (ob-
taining by the influence of light and numerical analysis of the response of the cell
by a chemical or thermal gradient), etc. [11].

THE RECEPTORS OF STIMULATING LIGHT

Light penetrated into the organism through eyes, and through the skin — with
attenuation down to 1% occurs for wavelengths of (250-280) nm at around
40 um depth, and for (300-1.2-10) nm at (100-800) um [12].

The skin consists of three main layers: the epidermis, dermis and hypoderm
[13]. The derma is a layer of skin under the epidermis and closely linked to it by
the basal (B) membrane (SB, Fig. 1). There are many specific nerve endings in
the dermis, which provide a sense of temperature, touch, pressure, vibration and
tissue damage. The non-specificity of the receptors was found to be able to react,
including light [9], in particular, the sensory receptors of the autonomic nervous
system neurons [11, 14]. These processes cause nociception. Determining the
effect of the epidermis on the transfer of light to the dermis is important for op-
timizing the means of light stimulation to increase its efficiency.

Light
P K10, Inv | Stratum Corneum, )
; 2 um
K10, Inv | Stratum Lucidum,
K10, Inv b Stratum Granulosum, 12 pm >EP]I)ERI\-JIS
K10, Inv Stratum Spinosuin, 2 pm
P K14 i Stratum Basale, 10-14nm W,

DERMIS NBasal Lamina, 40 nm

Fig. 1. Scheme of light propagation to dermis. K10, K14 — keratin, Inv — involucrin,
a component of the skin, forms the shell of keratin cells
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Fig. 2. Graphic of the ratio of the measured and effective strength of the
electric field of light on the refractive index n of the medium

In the optical range, the dielectric function of the epidermis and basal is re-
lated to the refractive index and the absorption coefficient of light [6]:

8(0))=(n+i1<)2, (D)

where ¢(w)— dielectric function, w=2nf, f — frequency, n — refractive

index, k — absorption coefficient, i=v-1 [6].

The restrictions on the possible values of the real and imaginary compo-
nents of the dielectric constant are given by the Kramers-Kronig equations used
to reproduce dielectric constant from the values of n and k. The dielectric prop-
erties of the epidermis for the frequency range (3.75 - 7.5) x 10"s™" are given,
for example, in [15], where n =~ 1,5.

The valid combination of the phenomenological theory of Maxwell with the
atomic theory of matter obtained the bridges: a) between the effective strength
and polarization of the medium; b) the effective strength, polarization of the
medium, and measured strength [6] (Fig. 2.):

a) NoE, =P, b) Eef:Em+4TnP, )
where N — the number of molecules per unit volume,

3 n?-1

o =
4N n? +2
field of dimensions [EL™], P — the total electric moment per unit volume (e —

charge, / — length of dipole p=el, and since p is of dimensions [EL], a is seen to
have the dimensions [L], i.e. those of a volume), E,, — measured strength [6].

— representing the mean polarizability, £, — effective

From expressions (2), the dependence on the refractive index » of the relative
values of these characteristics, in particular, the ratio (3):

E, 3

Ey n12 ®)
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THE SOURCE OF LIGHT INFORMATIVE STIMULATION

An efficient source to achieve control intensity and quality energy flow is
LED [5]. Mathematical models of the transfer of low-intensity light flux from
the LED through a multilayer bio-environment to the object of stimulation based
on the well-known radiation diagram of the light-emitting diode and the Max-
well equations are developed within the framework of the eikonal theory [6].
The intensity of the radiation of such a source is determined at the appropriate
boundary conditions [6] and a recursive algorithm for specifying the intensity of
radiation after the transfer of its energy through the layers of the biological envi-
ronment is constructed [16—18].

In previous studies, the construction of a mathematical model of the source of
radiation in a LED is based on a physically abstract object — the dipole [16—18].
In the remote from the source (dipole) in the space P, (Fig. 1), waves are represented
by strengths:

Ey=2(r )" | iy =h(r)e*o(r), 4)

where E,,H, — electric and magnetic field components, » — is the distance from

the dipole, £(r) — the "optical length", € and h the vector-function of the position
of the dipole, ky =/ c=2nk,, Ay— the wavelength, c is the speed of light.

In the Cartesian coordinate system (x, y, z) with the origin at the point P,
(the Gaussian image of the source Py) and in the direction of applicate z along
the axis cP; the irradiated points lie.

The approximate expression of the field at these points (in the region of the

aperture of radiation, except for points that are in close proximity to its edge,
Fig. 3), takes on the form [6, 16—18]:

_ (02 i{S(m)—m[t—léw(x,y,z)}
E,(x,y,z,t)=Re —Zém(x,y,z)e ¢ ,
c
()
~ 0)2 _ i{&(m)—m[r—lﬁm(x,y,z)}}
H(x,y,z,t)=Re —th(x,y,z)e ¢ ,
¢

where Ew (x,y,z,t), ﬁw(x, y,z,t) — is the Fourier transform of the vectors of

electrical and magnetic strengths, é,(x,y,z), Ea, (x,y,z) — the amplitudes and
O0(w) — the phase of their vector functions, /,(x,y,z) — the optical length
from point Fy to point B(x,y,z).

In the stimulation system (LED — object of action):

(a) the geometric front W of the light wave in the space of its LED source is

at a large distance P,c, (Fig. 3), in comparison with the length of the A, wave, the
angles 6, the rays of which form the axis of the system, are small;
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Xj ¥

Pa X3 Pj- z

Fig. 3. Scheme of LED’s radiation space (dipoles in P, and a wave sphere front W
conditionally not shown). §— the reference sphere front, c — centre of the LED
lens, *se» — axes of the system

(b) at any given time, the Fourier transform E, and H,, the field strengths

(5) at this distance do not vary significantly in magnitude and direction;

(c) when integrating the expression (5) with respect to part S” (covering the
lens) of the reference sphere S (reference for P; the sphere S passes through the
center of the lens of the light emitting diode, cP; = R) is neglected by the coeffi-
cient of curvature on S’

(d) in a homogeneous-layered, non-magnetic irradiation environment

, where 7 is the refractive index of the corresponding layer;

‘ﬁm‘ = n|Em
(e) on to S, as on W, the vectors |ém| and ‘Em‘ amplitudes are practically

constant in magnitude and direction, the diameters of the lens pulled to P; are
small if at a distance R from a certain typical point (x',)’,z")in the reference

sphere S to P, the vectors é,(x',y',z' ) and ftm( x',y',z" ) do not change noticea-
bly on the surface of the integration. It is possible to assume, that their values,

which they gain in the center ¢ with an LED lens — ¢€,(0,0~R) and
né,(0,0,-R) where R =cP,, Fig. 3;
(f) according to (e) conditions, €,(0,0—R)=a(w)o(®),

ftm( 0,0~R)=na(w)p(o), where (o) and B(o) is unit orthogonal vectors in a
plane perpendicular to z.

The result of the integration in the region of the Gaussian image of the ra-
diation source B, in the direction along the axis z to the point B(X,Y,Z)
(where the intensity will be determined) [6]:

2
Eo(X.Y.Z,1)= Re{w—zUm(X,Y,Z)a(oa)&(oa)ei[ﬁ(m)—@f]},
C
2 (6)
I:Im(X,Y,Z,t):Re{w—zUm(X,Y,Z)na(w)B(w)ei[S(w)—wz]} ,
C
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where

® eim[ﬁ(x',y’,z')+s]/c
Uo( XY, Z)=——[] : (7)

2mic < S

the scalar wave function, is determined from the eikonal radiation function at the
point Py [6].
From (6), the Poynting vector S, = c[Em xH m]/ 4m; by the average over

time it is established that the intensity of the radiation in P;(X, ¥, Z) of the total
dipole in P, is proportional to the square of the module of the scalar wave func-
tion (7). In calculating the intensity in the irradiation area averaging over time is
performed for each of the frequency components of each Cartesian component £
and H of the complete field [6]. Only the contribution of the components of the
dipoles along the axes x; and x; is significant. For the angles 8,(w) and 6,(w)
between the unit vectors a,(w) and a,(w) along the x axes and a;(w), f;(w) and
ox(w), fB2(w) — the mutually orthogonal vectors in the plane perpendicular to the
direction z (Fig.3), the components £ and H are approximated this way [6]:

E(X.Y.Zt)=H,(X,Y,Z,t)=0,

0
E(X.Y.20) = [Uo( XY Z)f(0)e " do,
I

00

H,(XY.Zt)= 1 [Un(X.7.2)f (0)e ™ do,
27 w (8)

o0
E (XY, Z1t)= 1 [Uo(X.Y,Z)g(0)e " do> ,
2m

o]

o0
~H (XY, Z,t)= Zl [Uo(X.Y,Z)g(w)e " do,
Tt —

where
o’ 5 5
flo)=— a1(®)cos0;(@)e ) +ar(®)cos 0y (@ )e’ 2(60)],
C
9)

2 ) .
g((’)):w—z a1(©)sind;(©)e(®) + ay(w)sin 62(0))582(“)]_
c

For reasons of convergence it is assumed that the radiation field exists only
, where T >> 2n/w to go to the limit

between the moments t<|T

T — oo.
Thus, at the point P,(X, Y, Z) the intensity /(X, Y, Z) is defined as the time
average over the energy U7, which is transfered across the unit area [6]:
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e 7 2 2 2],
1Y 2) = [ X.2) (o f +lecof Jio-

4
. (10)
=C[Uo(X.Y.Z ) do,
0
: Lw[|f(oa)|2 - |g(oa)|2}doa (11)
4nT o ’

If the interval |[Aw| small enough then |U,| practically does not depend on ®
in the effective frequency range, so that:

I(X,Y,Z)=CUo(X.Y.Z) . (12)

The coefficients a; and a, are determined from the set of dependencies
between €(r), h(r) and ¢, that follows from the Maxwell equations [16], and

the averaging over time of the Poynting vector <S> =(c/8n)Re(eéxh : ) [6, 16]:
(8)=(e/smu ) 8" - Vo = e/ n? f,)ve, (13)

where <we> — the energy density of the electric field is averaged over time;
since in air <we>:<wh>, then, the density of the total energy of the field
<w>:<wh>+<we>:2<we>, c¢/n = v— is the velocity of its transfer. Than we

obtain strength vectors e, h , since
(é-é*)§=(8n/gv)<s>, (14)

where (S) =1, — the power of the emitted light.

For a light emitting diode it is determined from its diagram. Thus, it is es-
tablished that the average time energy transfered through the unit of surface area
allows the vectors of the LED radiation source to be determined from its radia-
tion diagram [6, 18]. Using the relation (3), and formula (11) one can determine:
a) the intensity of /; after the first layer of the medium; b) vectors e, and l;l;
c) the intensity /,, - ;, after the subsequent layers of the medium and the vectors

€,.,, and h

.1 - A generalized formula for determining the intensity of irradiation

of a surface after the m-layer of the medium acquires the form:

1,=C,I

m-m—12

m=1,M, (15)

where M — the number of layers of the medium, C,, — is determined by for-
mula (11) taking into account the values of the refractive indices n,, of the layers

of the bio-environment, the intensity /; is determined by measurement.
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The algorithm of this method of non-invasive determination of intensity
through skin irradiation at the level of dermis when stimulating the human body is
given in [18].

RESULTS OF SPECIFICATION OF INFORMATIONAL
ASPECTS GAPTIC STIMULATION BY THE LIGHT

Ensuring the optimality of processes in biological systems of the human body in
the extreme forms of its activity requires the study of the role of informational
aspects and taking into account them in the development of technical systems for
such appointment. Systems of the automated control of an organism's condition,
using transcutaneous stimulation with light and an analysis of the response to
stimulation, are perspective. Contradictory requirements for non-invasiveness,
informativeness, computational and hardware complexity necessitate the use of
haptic stimulation with the light, control of its intensity at the receptor level, and
a statistically reliable evaluation of feedback received from the body in the nor-
mal and under the influence of external extreme conditions.

For the effective obtaining of reliable results of stimulation it is necessary to
provide metrological testing of the source's LED. It is established that passport
data are not all metrological sources of LED sources, for example, LED dia-
grams HL-508H238WC-MD [19], Fig. 4 (a).

Measuring the intensity of the HL-508H238WC-MD radiation, Fig. 4 (b), it
was established that the diagram was obtained by testing in the conditions B of
the CIE standard light intensity measurements [20, 21], Table 1.

For the angle & = 0°, when ¢ =1, n = 1, under the formula (11) it is ob-
tained that |e| =|h| =4.10"* v/m. The value used to calculate the intensity of light
on the dermis (Fig. 1).

a :|e|/n1, ap = |e|. (16)

When the dipole field strengths £ and H located along axes x; and x;
(Fig. 3), and d(w) —0, to see (5), the coefficient C at different refractive index

takes of the view is given on Fig. 5.

The intensity of irradiation (10, 12) decreases according to formula (11) of
the coefficient C with an increase in the index of refraction of the medium layer,
Fig. 5. The change in the relative values of the tensions in (2), in particular, the
ratio (3), Fig. 2, made it possible to construct a formula (15) for determining the
intensity of irradiation of the layer at a predetermined intensity level, and the
scheme of the structure of the biotechnical system, Fig. 6.

Table 1. Results of the measurements of LED radiation

Input Output
Direct current, mA 20 E, Ix 130
Distance, m 1.2-10-1 10, cd 18.7
Surface square, m2 4910-4 Power, W 9.34-10-4
Solid angle, sr 3.410-2 19, W/m2 1.9

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. 1 Bra. Tex. 2018, Ne 1 (191) 69



M.V. Bachynskyy, B.I. Yavorskyy

0* 1e* 200

cd sr/m2

r\\\‘\‘\‘

1 1
120 140 160 180 200 220

(b)

Fig. 4. a) LED radiation diagram. k,.=1Iy/r, [y — standard distance,
0 — angle; (b) Intensity 1(0,r) of LED radiation, 6 =0

7000 T T
6000
5000
L 4000

3000

2000

1000 L
1 15 2 25 3 35 4 43 3

Fig. 5. Graphic of the view of the coefficient C at different refractive index
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X S ) BiO {49 | dLED

Dt

Fig. 6. Schema of the biotechnical system

In the system, the intensity of the stimuli is controlled by the change in the
amplitude-spectral characteristics of the I radiation and the frequency-time pa-
rameters of the Q (duty cyckle) of the shape of the pulses of stimulation by the
controller C through the LED-driver dLED — programmatically or remotely,
through the keyboard Dt, the display D, the network (router R). The stimulus is
fed to the bioactive point of the BiO of the organism, with the S sensor being
selected from the corresponding point and fed to the bioamplifier A, an antialias-
ing filter AaF and an analog-to-digital ADC converter. The sequence of the re-
sponse sample code is fed to the Kalman filter (FK, C1, M) for optimal filtration
(the result of the filtering is the sequence of the m-type response sampling code,
and the error estimate), and the DB database. In the memory of M there are
stored models of noise, responses of biological objects in the normal state. The
comparator C2 serves when selecting from the database the types of noise and
feedback normally in the Kalman filter.

The system is multifunctional, in particular, with the metrological testing of
the LED's source of stimulation, automated control and correction of the body's
condition with the search and use of the haptic level of transcutaneous stimula-
tion by the light, statistical estimation of the response to stimulation, etc.
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CONCLUSIONS

Due to the specification of the problem of controlling and correcting the state of
the human organism in the extreme conditions of its life on the basis of the com-
bination of Maxwell's phenomenological theory and the atomic theory of matter
and optics, it was obtained:

a) requirements to the functions and structure of the body's stimulation sys-
tem with the light;

b) calculation formulas for representing the functional blocks of the system;

c¢) the method of recursive determination of the intensity of the light flux af-
ter each layer of the biological environment;

d) low computational complexity of testing and automated haptic control
and correction of the body's condition;

e) conditions are provided to confirm the statistical significance of represen-
tative samples of the body's responses to haptic stimulation of it through biologi-
cally active points.
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IHOOPMAILIIMHI ACIIEKTU TAIITUYHOT'O CTUMYJIFOBAHHS
CBITJIOM IJIA KOPET'YBAHHSA CTAHY JIIOAWHU

PosrisiHyTO acnekT iHGOpMaIiifHUX MPOLEciB B MEIMKO-0i0JIOTMYHUX CHUCTEMaX OpraHi3My
JIFOJIMHK B €KCTPEMATBHUX YMOBaX 11 TisUTBHOCTI Ta PO3BUHYTO TEOPi0 MEIUYHHUX 1H(POPMAILTiii-
HUX CHCTEM 3 ypaxXyBaHHSM CTaHy 1 TeHASHILiM KOHBEpIeHLil CyCHiIbCTBa, EKOCUCTEMH 1 TeX-
HOJIOTiH. 3amporoHOBaHO crenudikaiifo iHPOpMAaIiHHUX AaCMEKTIB TaNTHYHOI CTUMYJISIT
CBITJIOM AJISI KOPEKLil (YHKIIOHANFHOTO CTaHy OpraHi3My Ta PO3BUTKY M JOCIHiIKEHHS BUMOT
110 (DYHKIIH, METOJIB Ta CTPYKTYpP BiJMOBIIHUX Oi0TeXHIUYHHMX cHcTeM. HaBeneHo ¢yHKIioHa-
JBbHY cXeMy OlOTeXHIYHOi CHCTeMH Ta pe3yNlbTaTH aHaji3y 3MiHM iHTEHCHUBHOCTI CBIiTJIa HpH
MONIMPEHHI HOro y mapyBaToMy 0i0 CepeIOBHIII BiJl CBITJOMI0IHOTO HKEpeaa CTUMYJIIALLIT.

Knwuogi cnosa: canmuuna cmumyasyis, ceimio, inpopmayitina 6iomexniuna cucmema.
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NHOOPMAIIMOHHLBIE ACITEKTBI TAIITUYECKOI'O CTUMVYJIMPOBAHMA
CBETOM JIAA KOPPEKIIMU COCTOSAHUA YEJIOBEKA

Bgeoenue. VI3ydeHne 3aKOHOB W TIPHHIUIIOB HH()OPMAIMOHHBIX MHPOIECCOB B MEIUKO-
OGMOJIOTHYECKUX CHCTEMaX 4YeJIOBEUECKOro Tesla B 9KCTPEMAIbHBIX YCIOBHAX €T0 JNeSTeNIbHO-
CTH U Pa3sBUTHE TEOPHH MENMIMHCKAX HH()OPMAIMOHHBIX CHCTEM TAKOTO HA3HAUCHHUS C
YYETOM COCTOSHHS W TEHACHIHUH COMMKEHHs 0OIeCTBa, IKOCHCTEMBI H TEXHOJIOTHH CTaHO-
BSITCSL OYECHb aKTyaJbHBIMHU. Takoe IOJIOKEHHUE el O3BOJISIET YTBEPIKAATh, YTO 3TO aKTy-
abHAs HAay9Has W IPHKIAAHASA MpodieMa paJiKalbHOTO H3MEHEHHs CyIIecTBYIomel mapa-
JIUTMBI IPOEKTUPOBAHUSI HH(POPMALMOHHBIX CUCTEM.

ILlenv cmampu — yToUHNTH MH(MOPMAIMOHHEIE ACIIEKTH HU3KOW MHTCHCHBHOCTH TaK-
TWIBHOM CTUMYJSIMHM CBETOM, KOTOpas HeoOXoauma Uil KOPPEeKUUH (YHKIHMOHAIBHOTO
COCTOSTHHS OpTaHM3Ma 4YeIoBeKa, paboTaIoIero B SKCTPEMaIbHBIX YCIOBUSX, U JanbHeiimre-
IO Pa3BUTHSA U UCCIEIOBAHUS TAKUX METOIOB U CUCTEM.

Memoowi. Ananu3 TpeboBaHnit, QyHKINI U cucTeM IS IPOSKTHPOBAHHS CHHTE3a MH-
(OpManMOHHBIX TEXHOJOTHUH M KOHTPOJIBHONH OMOTEXHHYECKOH CHCTEMBI KOppeKLUH (PyHK-
IIHOHAJIBHOTO COCTOSHHMS OpTaHM3Ma UYelIOBeKa, PabOTaloOMmero B 3KCTPEMANbHBIX YCIOBHSAX.
TeopeTnueckue U HKCIEPUMEHTAIbHBIC 3aBUCHMOCTH MEXy SHEprueil CTUMYJISILIUN CBETO-
M3ITyJaroNero IHOoJa M JHEPTHel IepefaroTcs depe3 CIOHCTYI0 CTPYKTYpy OHOpecypcos.
MareMaTH4ecKoe MOJACIUPOBAaHME U KOMIBIOTEPHOE MozenupoBanue. CpaBHEHHE 3THUX
pEaNBHBIX M MOJIETBbHBIX JAHHBIX.

Pezynomameur. bazoBble acrnekTsl TpeOoBaHMH, QyHKIMHA U cucTeM A pa3paboTKy,
CHHTe3a HH(POPMAIIMOHHBIX TEXHOIOTUH U YIPABIAIOMAX OHOTEXHHYECKUX CHCTEM KOppeK-
My QYHKIMOHAJIBHOTO COCTOSIHUSL OpPTaHM3Ma 4eloBeKa, PabOTaIoIIero B SKCTPEMalIbHBIX
YCIIOBHUSX, C HU3KOH WHTEHCHBHOCTBIO TAKTHIBHOMN CTUMYISIUH CBETOM. [10oTydeHBI MeToIbI
ONpeNeNeHNss MHTEHCUBHOCTH [, W3JIy4eHUs] CBETOAMONA, DPEKYPCUBHBIC BBIPAKEHUS

1,=C,I, m=1,M u dopmyns mis koddpdumuenta C,, rae M — KOIMYECTBO CIOEB
ouocpenpl. Vcronp3oBaHa CBsA3b (PEHOMEHOJIOTHYECKON Teopun MakcBelia ¢ aTOMUCTHYE-
CKOM Teopuell MaTepuH U ONTHKOM.

HccnenoBanust KOMITBIOTEPHOT'O MOJEIUPOBAHHMS TTOATBEPIIN PE3yIbTaT CrenuduKa-
11U TpeOOBaHUH, PYHKLMOHAIBHBIX U CTPYKTYPHBIX CXeM OMOTEXHUYECKOH CHCTEMBI.

Bui6oowt. bnaropaps cnenudukanyu TpeOOBaHWN ObLIa IMOTyYeHa BO3MOXKHOCTH IMO-
CTPOEHHS PEKYPCUBHOTO OIIPE/IeNICHHUsI HHTEHCUBHOCTH CBETOBOT'O MOTOKA TIOCIE KaXKIOTO CIIOS
6HOCpC}1]>I W HHU3KaA BBIYUCIUTCIIbBHAA CJIOXKHOCTD. PaSpa6OTaHLI I/IH(i)OpMaLII/IOHHI)IC TEXHOJIO-
THU JUI1 aBTOMATH3all{ ONTHUMAIBEHOTO YIPABJICHUS COCTOSHHEM YeNIOBeKa IPU BHEIIHHX
BO3/IEHCTBUAX Ha opraHu3M. OTKPBITHI TyTH JalbHENILIEro UCCIeI0BAHUS ISl TOATBEPKICHHS
CTaTUCTHYECKOI 3HAYMMOCTH M PENPE3eHTATHBHOCTH BEIOOPOK HAOIIOICHUH.

Knrwuesvie cnoea: maxmunvuas cmumyniayus, ceem, uH(bopMauuonHa,q buomexnuyeckas
cucmema.
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