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Abstract. This article continues the authors′ research aimed at constructing and developing 
a mathematical model used both to determine the size distribution function of human blood 
cells in vivo, and to find blood parameters used in medical practice. At this stage of the work, 
the nonsphericity of blood particles was taken into account and the convergence of processes 
describing multiple scattering of laser radiation by blood was optimized through the use of the 
method of extended boundary conditions, which made it possible to increase the possibilities 
of using the T-matrix method. The mathematical model for the analysis of biological processes 
has received material embodiment in a new software package. Regularization parameters are 
determined automatically based on specified kernel errors and “measured” data using different 
criteria. It is shown that, using the developed model, it is possible to theoretically predict the 
number of erythrocytes of abnormal size in a biomaterial based on measuring the width of the 
found erythrocyte size distribution.
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Аннотация. Данная статья продолжает исследования авторов, направленные на 
построение и развитие математической модели, используемой как для определения 
функции распределения клеток крови человека по размерам in vivo, так и для 
нахождения показателей крови, используемых в медицинской практике. На данном 
этапе работы была учтена несферичность частиц крови и оптимизирована сходимость 
процессов, описывающих многократное рассеяние лазерного излучения кровью за счет 
использования метода расширенных граничных условий, что позволило увеличить 
возможности применения Т-матричного метода. Математическая модель анализа 
биологических процессов получила материальное воплощение в новом программном 
комплексе. Параметры регуляризации определяются автоматически по заданным 
погрешностям ядра и «измеренным» данным с использованием разных критериев. 
Показана возможность, используя разработанную модель, теоретически предсказывать 
количество аномальных по размеру эритроцитов в биоматериале на основе измерения 
ширины найденного распределения эритроцитов по размерам.
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Introduction

Hemorheological and microcirculatory dysfunctions of the human body accompany, as a rule, 
most diseases and complications. Since 99% of the total volume of blood corpuscles are red blood 
cells, the study of the functional characteristics of these cells is crucial. The characteristic sizes 
of erythrocytes, their refractive indices and mechanical properties, as well as the dynamics of 
changes in such indicators of the state of the body should undoubtedly be investigated in cases of 
various pathological conditions; such studies are always of major importance.

The human erythrocyte is an elastic cell that has a rather complex discoid shape in its normal 
mature state. Moreover, under various external influences, with conditions of various kinds, dis-
cocyte (mature normal form of erythrocyte) can undergo a transition to other forms, for example 
platycide, acanocide, etc. [1].

A range of studies (see, for example, [2-5]) have explored the possibilities of theoretical inves-
tigation of the optical characteristics of dielectric bodies of different shapes and structures.
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The classical problem of scattering light radiation by irregularly shaped particles is solved by 
direct numerical methods, which make it possible to reduce this problem to solving a system of 
algebraic equations or to the method of variable separation. In the first case, either an integral 
equation is constructed, or the expansion of fields is introduced with respect to vector spherical 
harmonics, i.e., solutions of the Helmholtz wave equation with their subsequent “joining” on the 
surface of the scatterer.

In our opinion, it is worth listing some successful approximations that allow to obtain rather 
satisfactory results.

First, it is the Rayleigh–Gans–Debye method [6]. Secondly, it is acceptable to use methods 
of geometric optics, especially in cases where particles can be considered large enough relative 
to the wavelength of the incident radiation [7]. Thirdly, these are methods of anomalous diffrac-
tion [8, 9]. Further, iterative methods deserve special mention [10]. We should also consider the 
Wentzel–Kramers–Brillouin method as well as the eikonal approximation [11, 12] as the most 
well-known method of anomalous diffraction. The latter is, in fact, the implementation of the 
approximation of short waves or high energies. Another notable approach is the perturbation 
method [13], which is based on the decomposition of an unknown solution to the scattering 
problem with respect to a small parameter in the vicinity of the exact solution. When applied to 
nonspherical particles, this means that the solution is sought as small deviations from the solution, 
which are caused by small deviations of the shape from the ideal spherical one.

In our opinion, the most convenient and reliable approach to solving the problem of light 
scattering by bodies of arbitrary shape is the method of integral equations, called the method of 
extended boundary conditions [14, 15], since it provides an accurate solution to the scattering 
problem (unlike other methods) by a particle of arbitrary shape; although this solution has the 
form of infinite series, it is acceptable. The maximum number of expansion terms required to 
achieve acceptable accuracy depends on the size, shape and refractive index of the scatterer.

In this paper, we investigate some aspects of the problem of light scattering by dispersed ele-
ments (blood cells in our case), which are irregular in shape and located in a medium of non-triv-
ial structure (here it is the skin, a multilayered structure).

The problem of modeling scattering by dispersed structures with irregular configuration is set.
The study involves considering light scattering by a dispersed system (blood corpuscles), where 

the shape of the inhomogeneities is irregular and their orientation is arbitrary. This takes into 
account the effects of multiple scattering of light incident on a layered medium (human skin).

Such consideration includes several stages.
At the first stage, the problem of light scattering in the system is solved.
At the second stage, the reflection coefficient of a plane wave from a layered surface with a 

wavy shape is studied (the case of reflection of a Gaussian beam is taken).
At the third and final stage, a search is carried out for the size distribution function of blood 

corpuscles (scatterers of irregular shape placed in a layered medium). It is important to take into 
account that the simulated system is assumed to be placed in a layered medium.

Light scattering by the jth individual particle  
of arbitrary shape (matrix formulation)

Let us start considering the problem with the assumption that only red blood cells are present 
in the simulated dispersed medium (blood). It is fairly appropriate and does not contradict the 
problem statement, since the proportion of other blood corpuscles is about 1% of the hematocrit.

In a number of studies, the erythrocyte is considered as a structurally homogeneous sphere 
[16, 17], which can be taken a first approximation. With a deeper analysis (microscopic level), it 
is more correct to consider the erythrocyte as a body of irregular shape.

To find the field scattered by an ensemble of particles with irregular shape, we use the T-matrix 
method. It is rapid compared with most other methods of light diffraction theory based on a rig-
orous solution of Maxwell′s equations.

A dispersed inhomogeneous medium is considered in a three-dimensional coordinate system, 
and a linearly polarized plane wave falls on an ensemble of inhomogeneities. It is assumed that 
the wavelength is smaller than the typical size of red blood cells, that the surface of the dispersed 
scatterer is regular everywhere, so a continuous normal can be determined for it; Green′s theorem 
also holds true.
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We write a system of Maxwell′s equations for the electromagnetic field in the vicinity of a 
particle with the conditional number j0, distorted by the presence of other particles:

, , 0, 0,ik ik∇× = − ε ∇× = µ ∇⋅ ∇ ⋅H E E H E = H =

where k is the wavenumber; ε, μ are the dielectric and magnetic permeabilities of the medium.
At the boundary between the particle with the conditional number j0 and the medium sur-

rounding it, we require for the following boundary conditions to be satisfied:

× - , - ,i s I i s I× × × × ×n E n E n E n H n H n H= = (1)

where Ei, Es, EI are the internal, scattered and incident fields, respectively.
The total field can be represented as

( ) ( ) ( ).I sr r r′ ′ ′+E E E=
Let us write corresponding integral equation of the following form [18]:

( ) ( ) ( , )ds (r) ( , )ds 0.I S S

ir r G r r G r r
k

′ ′ ′+∇× × + ∇×∇× × × =
ε∫ ∫E n E n H (2)

The Green function in Eq. (2) is defined as follows [18]:
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(for the case r′ > r),
where Mmn, Nmn, M–mn, N–mn are vector spherical harmonics.

Note that the choice of vector spherical harmonics should be made based on the invariance 
property (in the sense of closure), namely, that upon rotation of the coordinate system, such 
harmonics Mmn, Nmn should be transformed independently of each other.

The following vector spherical harmonics satisfy the required invariance properties [18]:
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Any of the four spherical harmonics of the following form can be selected as a zJ
n function

(1) (2)
1 1
2 2

1 2 2 2 2

( ) ( ),  ( ) ( ),  ( ) ( ),  ( ) ( ),
2 2

( 1) ( )!( ) [ ] (1 cos ( )) [1 cos ( ) ].
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Let us write the decomposition of the incident wave EI on the surface of the jth particle with 
respect to vector spherical harmonics:

1 1

1
( ) [ ].

n
j j
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j iE p q
∞

= =−

= − +∑ ∑E N M (10)

Similarly, we can write the decomposition with respect to vector spherical harmonics for both 
the internal field of the jth particle Ei(j) and the scattered field Es(j):
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In accordance with the procedures described in monograph [18], we sequentially substitute 
expressions (10), (11), (12), taking into account Green′s functions (3), (4) and boundary condi-
tions of the form (1), into the integral equation (2); then we obtain:
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This expression can be rewritten in matrix form as
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where m  is the relative refractive index of the particle.
Furthermore,
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This expression is written in matrix form as
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Combining expressions (13) and (14) produces the following equation

121 12 22 11 21 12 22 11
1 1 1 1 1 1 1 1
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(15)

We introduce notations for matrices 11
01Q , 31

01Q  and rewrite expression (15) in a more 
compact form:
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where the elements of matrix Tj
1 are expressed as surface integrals.

Consider the normal .x y zn +n n+n i j k=
For a body positioned arbitrarily, we obtain the following expression:

( ) ( ) (x, ) ,
( , ) ( , ) ( , )

y,z z,x ydS ∂ ∂ ∂
= +
∂ θ ϕ ∂ θ ϕ ∂ θ ϕ

n i j k+

where the components of the vector follow the expressions
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The equation of the particle surface in a spherical coordinate system takes the following form:
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Let us clarify the form of the equation for the ellipsoid of revolution:
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Note that a spheroid (ellipsoid of revolution) is obtained by rotating an ellipse around the 
semi-minor axis (oblate ellipsoid) or a major axis (prolate ellipsoid). Two of the three semi-axes 
of this ellipsoid have the same length. The aspect ratio of a spheroid is defined as the ratio of the 
semi-major axis a to the semi-minor axis c and describes the shape of a particle that varies from 
a sphere (a/c = 1) to a disk for an oblate ellipsoid or a needle for a prolate ellipsoid (a/c ≠ 1).

For example, the ratio a/c determines an oblate spheroid, and с/а determines a prolate one. In 
this case, a is the length of the semi-axis along the x and y axes, and c is the length of the semi-
axes along the z axis, which is the axis of rotation.

Using the formulas for the conversion between Cartesian and spherical coordinates, we obtain 
the following expressions:
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Next, we substitute expressions for ndS, N1
mn, M

1
mn, N

3
mn, M

3
mn into the surface integrals and 

obtain explicit expressions for them:
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Thus, by using the method of extended boundary conditions, a solution to the scattering prob-
lem is obtained for the case of an irregular shape of the scatterer (ellipsoid).

The expansion coefficients of the scattered and incident electromagnetic fields turn out 
to be related by linear transformations of the T-matrix. The latter depends on a number of 
parameters (the size of the scatterer with respect to the wavelength, the refractive index, etc.), but 
it is invariant with respect to the direction of propagation of incident radiation for the selected 
coordinate system.

It is also necessary to specify the complexity of the application of the T-matrix method for 
biological media with typical optical “softness”. This complexity is associated (in the specified 
cases) with poor convergence of the series corresponding to them in the calculation formulas for 
the elements of the T-matrix. The possibility of highly oscillating behavior of the integrand may 
also reduce accuracy. Moreover, the numerical inversion of the matrix will be poorly conditioned 
for scatterers with a zero (or small) imaginary part of the refractive index.
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Following [22, 23], convergence can be significantly improved if the so-called LU factoriza-
tion based on the application of an extended boundary condition is used. The graphs shown in 
Fig. 1 confirm the validity of this statement.

Multiple scattering by ensembles of nonspherical scatterers

Electromagnetic waves incident on the surface of the jth scatterer form a field Ei(j), which 
consists of two components: the field created initially by incident waves and the field created by 
scattering by an ensemble of particles. The sum of the terms follows the expression

0( ) ( ) ( ).i s
i j

j j l, j
≠

= +∑E E E (27)

A group of fields scattered by the jth particle is contained under the summation sign; (l,j) 
assigns the conversion from the coordinate system l to the coordinate system j.

Let us write out an expression for the incident field separately:

0 0, ,1 1
0

1
( ) ( ) .

imn
j j j j

mn mn mn mn mn
n m n

eiE p kr q kr
kr

φ∞

= =−

 
= − + 

 
∑ ∑E N M (28)

Note that the incidence of waves relative to the center of each jth particle in its coordinate 
system (j-system) is considered.

The expansion coefficients for the given plane electromagnetic wave take the following form [18]:
0

0

, *
,4 ( 1) ( ) ( ) exp( ),j j m n

mn n mn ink ink ink j j inkp i d , im= π − θ − ϕC E k r

a) b)

Fig. 1. Dependences of relative residual norm on the iteration number 
for the distances of 1 μm (a) and 2 μm (b) between particles

The dependences were btained using the method of biconjugate gradients with preconditioning (see Table 1)

Tab l e  1

Parameters of model medium including 5 particles

Distance between 
particles, µm

Refractive index for particle 
m1 m2 m3, m4, m5

1 1.37 1.34 1.332 1.35 1.33
Note . a = 18 μm, c = 3 μm for the first three particles, a = 5 μm, 
c = 5 μm (a are the lengths of the semi-axes of the spheroid along the 
x, y axes, respectively, and c are the lengths along the z axis).
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0

0

, 1 *
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mn n mn ink ink ink j j incq i d , im−= π − θ − ϕB E k r

The complex conjugation is marked with an asterisk as standard, the notation Eink(kink,rj0,j
)  

represents the vector of linear polarization.
The following expression holds true for a field scattered by particles:
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where the expansion coefficients have the form [19].
The next stage consists in constructing an infinite system of algebraic equations based on 

combining expressions (27)–(29), taking into account expressions (16) for each jth particle of 
arbitrary shape:

,
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The corresponding coefficients are determined in [19].
To solve the given system, we settled on the reduction method followed by the application of 

the biconjugate gradient method.
After the coefficients of system (30) are found, it becomes possible to record the total field in 

the far zone:
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The componentwise notation of the scattered field has the form:
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where the functions of the angle follow the expressions
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mP P∂
τ = θ π = θ

∂θ θ
The tilde sign (~) here implies the use of an asymptotic approximation.
Moreover, since we believe that scattering processes are considered at sufficiently large dis-

tances from the particle, where the electric vectors of the scattered and incident fields can be 
considered parallel, we can further simplify expressions (33) and (34) (we believe that only the 
component θ is nonzero in the far zone).
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Simulation of the reflection of a plane wave  
from a nontrivial multilayered structure

Consider a nontrivial layered structure (nontriviality here is understood as waviness of the lay-
ers), where each layer has its own refractive index, and use some of the results obtained in [20].

A flat p-polarized wave (a similar case of s-polarization would be simpler) is incident on the 
model considered at an angle θ. Our goal is to find the reflected field. Let us write out expressions 
for the fields formed by light radiation passing through the above layers and reflected from them, 
assuming that the phases of the waves oscillate rapidly, and the amplitudes change slowly:

1 1 2 3 1 1 2 3 1 2 3exp( ( , , )) exp( ( , , )) A( , , , , ),inc ref x y
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Similar to our earlier study [20], we sequentially found the terms of the series for the required 
amplitudes, as well as the expression for the Gaussian beam.

Distribution function for particles simulated by ellipsoids of revolution

Let us determine the parameters of the model medium corresponding to normal human skin 
(Table 2).

Let the incident plane wave propagate in the x-axis direction (the semi-minor axis for an 
oblate ellipsoid) and have polarization in the z-axis direction.

Fig. 2 shows images of oblate and prolate ellipsoids and the coordinate system used associated 
with them.

The model medium is as close as possible to the real parameters of normal human skin.

a) b)

Fig. 2. Images of oblate (a) and prolate (b) ellipsoids;
a, c are the lengths of their semi-axes directed along the corresponding coordinate axes.

Blue arrows indicate the direction of the incident laser beams
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A number of well-known facts allow us to con-
sider the erythrocyte as a homogeneous scatterer: 
the erythrocyte membrane is thin and does not 
significantly affect the scattering of laser radia-
tion, and cellular organelles are not included in 
the structure of the erythrocyte. Thus, our cal-
culations are performed for an oblate ellipsoid 
(Fig. 3).

The mathematical approach we developed 
allows to detect the aggregation of particles as 
well as to determine their spectral parameters 
for the in vivo case. The illustrations presented 

below (Figs. 4–6) demonstrate the capabilities of the software package we created by based on 
the presented theoretical approach. Evidently, both the numerical parameters and the shapes of 
the curves change with varying distances between the scatterers.

The results obtained indicate the difference in cell sizes, the diversity of their internal struc-
tures, and the effect of interference on the pattern of wave fields scattered by neighboring particles.

Thus, the developed method creates new possibilities, allowing to take into account the effects 
of cooperative interaction of particles in the case of denser packing of erythrocytes.

Fig. 3. General view of oblate ellipsoid 
under consideration with dimensions 

a = 18 μm, c = 3 μm

a) b)

Fig. 4. Functional dependences of intensity versus wavelength 
for the light scattered by particle ensembles located in the layer; 

distances between the particles are 1 μm (a) and 2 μm (b) (see Table 1)

Tab l e  2

Adopted characteristics of the model medium [20]

Parameter Notation Parameter value for layer i
(2) (3) (4)

Layer thickness, µm di 65 565 90

Set of 
distortion parameters

ai –0.0024 0.021 0.041
bi 0.0200 0.030 0.050
ci 0.010

Refractive index
(real part) n0

i 1.50 1.40 1.35

Notes. 1. Distortion parameters are represented by the formula Hi = ci sin (aix + biy). 
2. Refractive index of ambient air n1 = 1,000; we assumed χ2 = χ3 = χ4 = χ5 = 10–5; 
n0

5 = 1.40 for the ith layer of the model absorbing medium with ni = n0
i + iχi .
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The next stage of the study consists of solving the inverse problem: to find the distribution of 
erythrocytes (assuming them to be spheroids) from the aspect ratio of the spheroid (ρ = а/с), 
based on the known intensity of laser radiation scattering (measured with some error) by an aggre-
gated ensemble of particles located in the layer (in vivo case).

Such problems are described by linear first-kind Fredholm integral equations, taking the form
max

( )
min

( , ) ( ) ( ),scatu I u d f
ρ

θ
ρ

≡ ρ λ ρ ρ = λ∫A (42)

c) d)

a) b)

Fig. 5. Results of automatic determination of regularization parameter α 
from the given kernel errors and “measured” data using different criteria: residual (a), 

quasi-optimality (b), L-curve (c) and generalized residual principle (d) 
for a bimodal distribution (see Fig. 7,a)

c) d)

a) b)

Fig. 6. Results similar to those shown in Fig. 5, but for normal distribution (see Fig. 7,b)
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where A is the integral operator, Iscat(θ)(p,λ) is the kernel of the integral equation, u(ρ) is the 
required cell size distribution, f(λ) ≡ Iblood(θ,λ) is the scattering intensity.

The kernel Iscat(θ)(p,λ) is defined as the intensity of light scattered in the direction of the angle θ 
(the angle is chosen experimentally) by a nonspherical particle (see Eq. (35)). We assume that this 
kernel is a function continuous in the rectangle ([ , ] [ , ]),c d a bΩ = ×  and [ ],( ) c df Lλ ∈

 
( min ,a ≡ ρ  

max ,b ≡ ρ  min ,c ≡ λ  maxd ≡ λ ).
The inversion of the integral operator A for the inverse problem (see equation (42)) is unsta-

ble, therefore, it is advisable to use the Tikhonov regularization method for the numerical 
solution [24, 25].

Automatic determination of the regularization parameter based on the given kernel errors and 
“measured” data is possible within the framework of the software package we developed. (This 
package includes the methods of relative residual, the generalized residual principle (GRP), the 
L-curve method and the quasi-optimality criterion.)

Thus, we propose to choose the regularization parameter in accordance with several criteria. 
In a problem with a known model solution, this allows us to find the range of the best values of 
the parameter α. It turned out that the residual principle and the GRP gave the same parameter 
value and when they were used to solve the integral equation (42), a profile close to the model 
was reconstructed.

a) b)

Fig. 7. Bimodal (a) and normal (b) size distributions for spheroidal particles 
with two values of the distance between the scatterers: 1 μm (a) and 2 μm (b).

Graphs of functions from [26] (solid lines) are compared 
with the results of our numerical solution (dotted lines) 

Fig. 8. Case of normal volume distribution of the particles
(Price–Jones curve) obtained for distance of 2 μm

between the scatterers
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Fig. 7,a shows a comparison of the two curves. The solid black curve corresponds to an 
asymmetric bimodal particle size distribution, which is predefined by the function from [26]. 
The given distribution simulates the presence of fractions of normocytes and macrocytes. The 
dotted colored curve corresponds to our numerical solution of the problem and demonstrates 
that both peaks of the size distribution were reconstructed quite satisfactorily. A similar solid 
curve in Fig. 7,b also corresponds to a predefined size distribution, a normal one (see [26]). As 
a result of our numerical solution of the problem (dotted colored curve), where the noise level 
in the right-hand side of equation (42) is assumed to be 5%, a completely satisfactory agree-
ment with the given function is also obtained. Thus, the particle size distribution profiles were 
reconstructed with high accuracy.

The analysis of the graphs in Fig. 7 also allows to conclude that taking into account the non-
sphericity of particles accurately reconstructs the Price–Jones curve (Fig. 8), describing the typ-
ical volume distribution of human blood corpuscles.

Erythrocyte indices

In this section, we consider the numerical evaluation of erythrocyte indices (which are stan-
dard in clinical practice), in particular the mean corpuscular volume (MCV) and the degrees of 
dispersion of red blood cells by volume. These include the deviations of the relative distribution 
of erythrocytes over the volume (red cell distribution width, abbreviated as RDW) from the mean 
(coefficient of variation, or CV) and from the standard (standard deviation, or SD).

In other words, RDW-CV shows a percentage deviation of the erythrocyte volume from the 
mean, and RDW-SD is the difference between the largest and smallest erythrocyte (measured in 
femtoliters, like MCV).

Let us first determine the volume of the body formed by revolution around the axis of the shape:

1

0
4 ( ) ,rotV xy x dx= π∫ (43)

where y(x) represents the family of Perseus curves [27] 

2 2 2 2 2( ) c ( ) ;y x a x p d= − − − (44)

the following shape parameters are given here: a, b are the semi-axes of the ellipse, c = a/b 
(a = 0.150662, c = 1.659376); d is the distance from the origin to the center of the ellipse 
(d = 1.768398); p is the distance from the axis of the torus to the secant plane (p = 1.637922). 
Expression (44) defines families of Perseus curves. They are lines of intersection of the surface of 
the torus with planes parallel to its axis, and represent algebraic lines of the 4th order.

The volume of revolution for this shape is

1 2 2 2 2

0
4 ( ) 1.2799.rotV xc a x p d dx= π − + − =∫

If we assume that the diameter of a human erythrocyte is 7.55 μm on average, then the rela-
tionship between the volume and the radius of the erythrocyte takes the form VMCV = VrotR

3 and 
the mean volume of the erythrocyte is VMCV = 1.2799·68.8536 μm3.

The equation of the form (44) is written in a spherical coordinate system:

4 2
1 2 22 0,r rα − α −β =

and the corresponding solution of this biquadratic equation has the form

2
1 2 1 2 2
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α −α + α β +α
θ ϕ =

α
(45)
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where 
2

2
1 1 2 1 2 22

2sin ,  sin ,  ;db p
a

α = θγ α = θβ β = − γ
here

2 2
2 2 2 2 2

1 2 1 1 22 2 2sin cos ,  (1 ) ,  cos .b p dbb d
a a a

γ = ϕ+ ϕ γ = + − β = γ γ − ϕ

Solving the inverse problem allows to find the volume distribution function (see Fig. 8) taking 
into account the equation of the surface (45).

We should note that similar results were obtained in [29].
In this case, it is possible to calculate the size heterogeneity index of the erythrocyte based on 

the obtained theoretical volume distribution.
In medical practice, the RDW-SD indicator is the result of direct measurement of the width 

of the erythrocyte curve at a 20% level (with the height of the curve taken as 100%) [28].
For example, RDW-SD = 118 – 36 = 82 fl. Then values within the range of 80–100 fl charac-

terize the erythrocyte as a normocyte, below 80 fl as a microcyte, and above 100 fl as a macrocyte.
Notably, the RDW-SD indicator is more sensitive to the appearance of a certain number of 

micro- and macrocytes in the erythrocyte population, since it is measured at the lower part of 
the erythrocyte volume distribution curve. If reticulocytosis occurs (an increase in reticulocytes 
(precursors of erythrocytes) in the process of hematopoiesis), this indicator changes faster, since 
there is a certain broadening of the erythrocyte curve.

Results and conclusions

The main goal of the study was to develop and refine an electrodynamic model of the interac-
tion of low-power laser radiation with a dispersed medium, including elements of irregular shape 
(ellipsoid), which are models of blood cells (erythrocytes) located in a medium with a layered 
structure (in vivo case).

Let us overview our main findings.
1. The developed analytical methods for calculating the light scattering characteristics of par-

ticles located in a layered medium are described. It is assumed that these particles are arbitrarily 
oriented and have an irregular shape (nonspherical).

2. Steps were taken to optimize the convergence of processes using the method of extended 
boundary conditions; this increased the possibilities of using the T-matrix method.

3. The mathematical model developed for the analysis of biological processes based on calcu-
lated optical characteristics was implemented in a new software package.

4. The developed approach to the problem made it possible to correctly reconstruct the tra-
ditionally used indicator of the distribution of blood corpuscles (RDW-SD) for the in vivo case, 
taking into account the aspect ratios and the structural features of the biological aggregate.

5. We found an approach to theoretically predicting the number of abnormally sized eryth-
rocytes in a biological material using the developed model, based on the standard measurement 
of the width of the size distribution of erythrocytes. For example, in the case of the presence of 
micro- and macrocytes, it is possible to diagnose the degree of anicytosis, since the width of the 
distribution is higher than the reference value, and the obtained curves of the volume distribution 
of erythrocytes clearly indicate the difference in cell size.

Thus, the RDW index is an informative and convenient marker for laboratory diagnostics.
The results obtained serve as the basis for the proposed new method of rapid analysis of whole 

blood. According to this method, it is necessary to find the distributions of bloody corpuscles by 
characteristic indices, the RDW index as well as the geometric characteristics of red blood cells 
related to their volume and shape, for the in vivo case.
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