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Summary. The results of identification of the parameters of a mathematical model of the radiation
source LED are given. For the mathematical modeling abstract physical object is used — dipole and assumptions
that diagram radiation of LED is created both by the system of electric dipoles and by the optical system LED.
Vectors of electrical strength of dipoles are defined for modeling of low-radiation energy transfer through layered
biological media. Mathematical model finds further use in automation to achieve optimal exposure surface of
biological objects in layered biological media. The results are used in the research of biological objects
stimulation with light intensity below the standard level in the prevention, rehabilitation and medical diagnostics.
The decreasing of invasiveness of biological objects, increasing the resolution of assessment of their reaction as
well as possibilities for automation of researches have been received.
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The problem and its connection with scientific and practical tasks. In biophysical
researches and medical diagnostic procedures the energy impact of electromagnetic fields on
biological objects is often used. Particularly promising is the use for such influence the energy
flow with extremely low light intensity [1, 2]. The benefits of low intensity impact on the one
hand, and the probabilistic nature of biological objects response — on the other hand, require the
general totality of reviews for reliable evaluation (statistics) of the bio object’s state according
to the parameters of its response to stimulation. In addition, there is a need to find the optimal
quantitative measurement of intensity I of irradiation, and qualitative — its type (i.e., such as
stationary (A, £AA) >> L, resonance (4, +AA4) ~ L, optical (4, £ AA) << L), spectrum width

cl(4, £ AA), coordinate location in space and energy efficiency of the source; A — wavelength

of irradiation, L — size of the object. It is also necessary to justify the method for determining
the intensity for cases of intermediate values criteria such as type of irradiation, to consider
interference, diffraction in the spreading of energy in bio media, to determine the intensity of
radiation on the surface of target bio object in bio media. These facts in combination cause
considerable difficulty (in terms of complexity theory) of interactive method of investigation.
There is a need for an automated search of the optimal irradiation by means of setting technical
means through analysis, believability estimation of the parameters of irradiation and response.
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Certain tasks of the similar problem, their particular cases have not been investigated
systematically, on a common theoretical basis. In ophthalmology, astronomy, biophysics in
order to estimate the quality of the image on the surface of the target object of irradiation (but
not the intensity of irradiation) in case of intermediate values of the criteria of the type of
irradiation the replacement of the light ray to the light beam is used [3, 4]. Control of low
irradiation of the surface of bio-object (not image [5]) is used in quantum physics [6].
Development of a method to determine low-light irradiation of the surface of the target object,
which is in the bio media, is essential for bioengineering.

Analysis of recent researches. For irradiation of biological object and bio media, in
particular with low intensity, the use of LEDs increases [1, 7]. This LED is studied as: (a)
spontaneous radiation of light due to the contact of semiconductors; (b) forms, structures and
materials of the distribution channel of the light waves; (c) a combination of directions (a) and
(b). These approaches in detail and generally are used in the analysis of electromagnetic
phenomena based on wave theory of electromagnetic field have been used to calculate the
efficiency of the distribution of spontaneous radiation in periodically layered structures [8].
Computational modeling of the spread of radiation dipoles in periodically layered structures as
diffraction grate and resonator has been used providing a certain description of radiation.
Radiometric approach for modeling the spatial distribution of intensity of encapsulated LEDs
based on chip LED dipole model presented in [9], where the analytical nature of the relationship
between the character of radiation and parameters of LED chips of encapsulator and reflectors
have been received. Thus, there are two main ways to achieve low irradiation intensity of the
target bio object — (a-c), or by control the characteristics of the given LED. The second way for
Biomedical Engineering is preferred. For the design of adaptive, optimal irradiation the
development of the mathematical model of LED source is required. The ratio spatial distribution
of light energy in space (diagram LED) is always known [10]. Therefore, there is an opportunity
to use it as a source of the wave function for mathematical model that will allow studying the
effect of the layered environment — the effects of diffraction, interference, refraction and
intensity of irradiation of the object in such an environment. There are different theoretical
approaches, rendering realistic physical models of energy waves or photons of light. In studies
in this area Maxwell's equation is used. The areas with the pointing vector have been received
that indicate waviness that can be interpreted by the lines of energy flow [11].

The aim of the research. Mathematical modeling of the pointed (low extended)
radiation source on the chip with additional optics (lens LED) for the use of the received model
in the automation to achieve optimal irradiation of the surface of the bio object that is situated
in the layered bio media.

Setting objectives. To justify the choice of a mathematical model of the radiation source
LED using abstract physical object — dipole. To use the assumption that the radiation diagram
of the LED system is generated by the system of electric dipoles and its optical system. To
identify the basic vectors of the strength field of LED source that are necessary for modeling of
transfer of low-radiation energy of light through the layered bio media.

The main material. The field V(x,y,z,t) from the source at the point Py in media

according to the distribution of material, initial and boundary conditions is a possibility based
on the principles of preserving of properties of this field to present by means of equation. In
particular, in a vacuum, without currents and charges, this equation takes the form of [12]
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Formula (1) reflects the conservation of the properties of the field within the boundaries,
that is, save of the changes of the values of field strength. Dependent only on the coordinate
solution U (x,y, z) of this equation (Helmholtz)

@
VAU (X,Y,2)= c_2U (X, Y,2)

does not depend on time, the general solution («Integral») of equation (1) - running
monochromatic wave

V(X Y,2z,t)=U(x,y,z)e """, (2)

According to Huygens-Fresnel principle at the point P of the field inside the surface S (A, B, C)
which covers the volume v there is a superposition of waves fig. 1 (a, b).
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Figure 1. The geometry of the light field

Solution of homogeneous equation of the wave in an arbitrary point P of the field
consists of the value of unknown quantity and its first derivative at all points of an arbitrary
closed around point P surface (Kirchhoff's theorem).

Using Green's theorem for the field U (x, y, z) =™ /s (s=QP) and integrating with the
exception in terms of a marginal sense of point P by its asymptotic coverage of the surface S’
allows us to derive a formula for the solution [12]

1 o (e*) e au
U(P)=Ejsj{u a_n[ - J— . E}ols 3)

(Helmholtz-Fresnel formula).
The properties of the field defined by the theorem for non- monochromatic wave exist
in the regularity of the field, which allowed to use the Fourier transform [12]

V(X,Y,2,t) =% jUa,(x, y,z)e " “dt, (4)
U,(x,y,z)= % IV (x,y,z,t)e''dt | (5)

and get the expression of each w-field component

120 e ISSN 1727-7108. Scientific Journal of the TNTU, No 1 (85), 2017



Mykhailo Bachynskyy, Yuriy Stoyanov, Bohdan Yavorskyy

1 P eiks eiks an
UeP)= 1l {U”a_n(?J_Ta_n}ds - ©

By means of inverse transformation the expression of changes of the field in time has been

received
1 o(1 1 0s|0oV 1|0V
V=]l (ol TS e )

In brackets «delay values» — the values of the functions in t—sc. Formula (7) represents a
generalized Kirchhoff's theorem [12].
If P is outside the surface S, then the integral (7) is zero. The last member in (7)

I - - . 1[0V ,
represents the contribution of distributed sources with intensity —[Z—} per unit area, and the
s| on

first two members — the contribution of the dipoles with intensity . per unit area, directed
T

normally to the surface (sources and dipoles are fictitious [12]).

Due to the large frequency (3,75 —7,5) x 1,013 sec’, and the nature of the energy impact
of physical field on bio object [2] during the researches, the instantaneous values of the field
are not used. The value has its intensity — the average according to time energy that passes
through a unit area and is determined by the vectors of electric and magnetic intensity

| =c[(ExH)|/4r. (8)
In a remote from the source area the waves are represented by intensities
Eo =&(re" (", Hy = h(re' (", (9)

where r — is the distance from the dipole, /(r) — «optical length», € and h —are relatively
small constant vectors, but at a significant distance (r >> Ao) of the dipole, these vectors are,
with appropriate normalization of dipole moment, independent k, = w/c=2xz/4, position of

vector function (which can generally be complex).

X2

Po

y:’

Figure 2. Scheme of dipoles source of LED light radiation (on x», x3 dipoles are not shown)
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With the help of (3) as a test solution of Maxwell's equation lead to the set of
dependencies among &(r), h(r) and ¢ [12]. For large ko (small Ao) it is necessary that ¢ was

the solution of differential equation, which is independent of amplitude vectors &(r) and h(r):
Vixh+e€ =0, VL xE -ph =0, (10, 11)

§-Ve=0, h-V/=0. (12, 13)

Simultaneous equations (10) and (11) are treated as six homogeneous linear equations
for the scalar Cartesian components e, , h, ..., of € and h:

wi(e-Ve)Vr-6 (V1) +e€ =0, (14)
el[(h-V¢)Ve-h (V) ]+uh =0. (15)
These equations have nontrivial solutions only when (V)2 = n%(x, y, z), where

n=(ep)¥? means refractive index. Function ¢ — eikonal, of the surface ¢ (r) = constant —
geometric wave surfaces (spheres) or geometric wave fronts (fig. 3).

Figure 3. W —a wave of sphere front (from a point source in Po), S — front of characteristic sphere,
Q(x’, y’, z’) —atypical point in characteristic sphere, s — the distance from a point (x', y', ")
to P4, ¢ — center of the LED lens

By means of averaging over time of the Poynting vector <S>=(c/8x)Re(€ x ﬁ*) using
(4, 5, 8) has been received [12]

(S) = %{(é’-é*)VE —(E-vo)ef=(2¢/n%Kw,)v e, (16)

where (w, ) —the averaged over time energy density of the electric field; as(w, ) = (w, ) then
the density of the energy field (w) = (w, )+ (w, ) =2(w, ), c/n=v — the speed of its transfer,

(V£ )In=5 —is the vector of the unit length in the direction of this transfer.
Then

(S)=v(w)s. (17)

Applied content of the left side (17) — is the average observed over time Poynting vector.
Then, by means of expression
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(w)s = (S) /v (18)

is an opportunity to determine the vectors of intensity &,h , as

ek -22(s), (19)

where (S) = 7, — is the power of the radiated light (if it is known [12]). In practice, there is an

opportunity to define according to the characteristics of LED, which are listed in its passport
data, radiation diagram (fig. 4 — for LED for HL-508H238WC-MD [13]) and the radiated light
at nominal direct current and so on.

o* 10* 20
| 40"
1.0 s0*
0.8 60"
0.8 o=
0.7 89
20

—OUs0I0T U7 U408

Figure 4. Diagram of the relative distribution of radiation spread

A special measuring adapter is governed by the standard [10] that provides conditions
of measurement of the light power (standard CIE, condition B: distance 10t m, solid angle

1072 sr, under the direct current of 2 mA). The result of this measurement of LED HL-
508H238WC-MD using laboratory system that provides protection from exposure of outside
sources, equipped with measuring luxmeter LX 1010V. At nominal term of the direct current
of 20 mA, of the solid angle 3.4102 sr (at a distance of 1.2- 102 m lit area of 4.9 10*m?)
received 130 Ix, i.e, power of light 10=18.7 cd, or 9.34* 10*W. This in turn determines the value

of 1.9 W/m? of power of energy flow. For angle & =0° (fig. 2), £ =1 n =1 then according to
the formula (19) has been received that |e| =4- 10* v/im. By using (14, 15) intensity at other

angles has been received, including the magnetic field component. This result also will help to
determine the value of such vectors in structures of living tissues of the bio medium and
Poynting vector at the site of irradiation with regard to interference and diffraction.

Conclusions. It is reasonable to choose mathematical representation of a fictitious
object — dipole as a mathematical model of the radiation source of LED. As the diagram of
radiation LED system is generated by the system of electric dipoles and its optical system, then
this known diagram is data to determine the elementary vectors of strength field of LED
radiation source. These vectors and parameters of bio medium and characteristics of their
boundaries will determine the quantitative value of energy transfer of low light radiation
through the layered bio media and its intensity on the surface of bio-object, which is in this
environment.
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IJIEHTU®IKALISI TIAPAMETPIB JUNOJILHOI MOJEJI KEPEJIA
BUITPOMIHIOBAHHSI V CBITJIOIO/II

Muxaiino baunncsknii; IOpiii CrosinoB; bornan SIBopcbokuid

Teproninbcokutl HayioHaIbHUU MeXHIYHUU YHigepcumem imeni leana Ilynios,
Tepnoninw, Ykpaina

Pe3ztome. Hasedeno peszynomam iOenmugixayii napamempie mamemamuuhoi mooeni Odicepena
BUNPOMIHIOBAHHS C8IMN00i00aA. [ MameMamuyHo20 MOOENO8AHHA GUKOPUCMAHO Qisuunull abcmpakmuuil
00°ekm — Ounoas, i NPURYWeHHs, wo diaepamy 8UNPOMIHIO8AHHA C8IM00ioda opmye cucmema ereKmpuyHux
ounonie ma 1020 OnmuuyHa cucmema. Busnaueno enemenmapmni 6exmopu HanpyjceHocmeti OUNoaie
C8IMI00I00H020  Odicepend, HeOOXIOHUX Olisi MOOENIOBAHHS NEPEeHEeCeHHsT eHepeii  HU3bKOIHMEHCUBHO20
BUNPOMIHIOBAHHS UYepe3 uiapysame biocepedosuuje. Mamemamuuna modens 3Hali0e NOOAIbULEe BUKOPUCHIANHS
npu  agmomamuzayii O0CSACHEHHs ONMUMANLHO20 ONPOMIHEHHST NOGepXHI 0i006 °ckma 6 wapysamomy
biocepedosuwi. Pesynomamu 00CHIONCEHHS GUKOPUCMAHO 8 O0CIIONCEHHSX 3ac00i6 NoOpasHenHs 6io00 ckmis
C8IMIOM 3 IHMEHCUBHICMIO HUMCHe CMAHOAPMHO20 PIGHA Ni0 uac npogirakmuku, peabirimayii ma meOuuHol
diaenocmuku. [locsieHymo 3meHuieH s iH8a3usHocmi 0i006 ekmis, nioguweHHs po30iNbHOI 30amHOCMI OYIHKU IX
peaxyii ma 3abesnevenns asmomamusayii 00Ci0NHCeHb.

Knrouosi cnoea: c6imnodiood, cucmema Ounouie, MamemMamuyHa MoOeib, GURPOMIHIOBAHHSL,
e/leMeHmapHi HanpysceHocmi, wapysame biocepedosuuye, onpominenHs 6io06 ekma.
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