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On different models describing the equilibrium shape of erythrocyte
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Red blood cells (erythrocytes) fall to one of the most important families of cells in all vertebrate organisms. The study of the
equilibrium shapes of this kind of cells is of particular importance for the understanding of their physical, chemical and mechanical
properties. In the present work, several well-known and widely acknowledged models describing the equilibrium shapes of the red
blood cells are analysed. For each of the regarded models we make a comparison between the shapes of the meridional contours
predicted by it and the known experimental data. The obtained results can be used to choose a suitable model for the analytical study of
the interactions between individual erythrocytes or between them and the walls of blood vessels, for the diagnosis of diseases associated
with a change of the equilibrium shape of the cells or for the experimental study of the red blood cells by light scattering methods.
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1. INTRODUCTION

The red blood cells (RBCs) or erythrocytes are
the most common type of blood cell in all vertebrate
organisms. They are responsible for the delivery of
oxygen (O;) from the respiration organs (lungs, gills,
skin) to the body tissues and the return transport of
carbon dioxide (CO;) from the tissues via the blood
flow through the circulatory system. This type of cells
have specific biophysical properties for responding to
a change in the local chemical and mechanical envi-
ronment. Any deviation from these regular biophysi-
cal properties (regular shapes, for instance) impair the
normal functions of RBCs in the human body and is a
sensitive marker for various blood disorders and dis-
eases, e.g., malaria and sickle cell anemia. For this
reason, the development of relevant techniques for
obtaining the biophysical characteristics of the RBCs
have been of paramount significance in medical diag-
nostics [1].

Normal mature RBCs are shaped as biconcave
oblate discs, which deform with pressure and physi-
ological conditions in blood. This unique shape de-
termines a large surface-area-to-volume ratio. The
typical model geometry of a RBC is assumed to be
axially symmetric, with the meridional cross-section
characterised by the following morphological param-
eters [2]: the diameter — D, the dimple (minimal)
thickness — Ty, the maximum thickness — Tiax, and
the diameter of a circle that determines the location of
the maximum thickness — d.

Several well-known and widely acknowledged

* To whom all correspondence should be sent:

gvalchev@imbm.bas.bg

models describing the equilibrium (biconcave) shape
of the RBCs are analysed in the present work. For
each model we give the relationship between the
aforementioned morphological parameters and those
used in the particular model. Analytic expressions
for the surface area, volume and sphericity index are
also obtained. Starting with the lowest degree polyno-
mial approximation suggested by Beck [3], and end-
ing with the highest one proposed by Evans and Fung
[4], we compare the meridional contours predicted by
each of these models with a set of experimental data
(for concrete values of the morphological parameters
characterising those contours see Table 1).

Table 1. Values of the morphological parameters and albu-
min tonicities of RBC solutions, taken from Ref. [4] (Cell 1
and Cell 2) and Ref. [5] (Cell 3 and Cell 4). The red blood
cells in cases ”Cell 1" and ”Cell 2” were obtained from a
30-year-old male, separated into four samples, centrifuged
at 4000 rpm for 20 min, and the plasma and white cell
layer were removed. The packed RBCs were then diluted
by a factor of ten with Eagle-albumin solution, centrifuged
again and the Eagle-albumin solution removed. In cases
”Cell 3” and “Cell 4” the erythrocytes were obtained, by
finger-prick, from seven apparently healthy subjects (male
and female), and drawn into micro-haematocrit capillaries
coated with sodium heparin. About 0.05 ml of the blood
was added to 5 ml of an isotonic THAM-HCl-buffered
Ringer solution (10 mM THAM, pH 7.4 £0.02) with (in
case "Cell 4”) and without (in case ’Cell 3”’) albumin.

D d Tmax  Tmin  albumin tonicity
[um] [um] [um] [um] [mOsmol]
Celll 759 468 326 208 217
Cell2 7.82 552 252 081 300
Cell3 804 530 262 154 0
Cell4 7.64 455 286 145 310
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In our opinion, the results presented here would be
helpful for one to choose a suitable model for the spe-
cific purposes of its usage, e.g., for analytical study
of the interactions between individual erythrocytes or
between them and the walls of blood vessels, for the
diagnosis of diseases associated with a change of the
equilibrium shape of the cells, and for the experimen-
tal study of the RBCs by light scattering methods.

The article is arranged as follows: in Section 2
we introduce the Beck model. Sections 3.1 and 3.2
are focused on models based on Cassinian ovals. In
Sections 3.3 and 3.4 we comment a model proposed
by Kuchel and Fackerell, later on modified by Yurkin.
The last two models that we analyse are those of Fung
and Tong in Section 4.1 and Evans and Fung in Sec-
tion 4.2. The article ends with a discussion and con-
cluding remarks — Section 5.

2. QUADRATIC POLYNOMIAL APPROXIMATION - BECK’S MODEL

The mathematical representation of the meridional cross-section of a RBC used by Beck [3] is that of the
arcs of two circles, one being the cross-section of a torus at the periphery of the cell centred on the x-axis, and
another one, which is centred on the z-axis (the axis of revolution), representing the dimple region. These arcs
are constrained to be continuous with equal first derivatives at a specified value xg. The equation of the resulting

curve is obtained by writing separate expressions for the two arcs over their respective intervals

Cop+ = — Cap— 22, 0<x<xp
={ 5 D (1)
2
\/4(2‘Emax—D)+(D—Tmax)x—x , Xp<x< 7
where ,
D(D — 27, TS, D — Trax )G
Cop = ( max) + min  4nd XO:M )

4(Tmax - Tmin)

2COB + Tmax ‘

Once the approximated meridional cross-section of a RBC is given in an explicit analytic form, one can
easily derive expressions for the surface area A, volume V and sphericity index W of these cells. Using simple
mathematical techniques (see p. 364 and p. 572 in [6]) one obtains

xl/3(6v)23

D)2 dz 2 D/2
A:47L'/ x{/1+— ) dx, V:47t/ x z dx, V=" 3)
0 dx 0 A

Within this model, Beck obtained the following analytical expressions for the above mentioned quantities

D —
Ap =4n {COB <c03 —\/Cy —x%) 4 D [cw = (- arCSinCzB)} } , (4a)
where
D
CIB = \/4 (ZTmaX — D) + (D — Tmax)xo —X% and
2x0 — D + Tiax
Cp=——""—"7";
2 Tonax
4 (3
VB :gﬂ { Z (2C()B + Tmin).x% + |:(C§B _.X(2))3/2 — CSB + C%Bi|
3 D—
+ oD — ) [Tmax (E — arcsin CZB) -C lBCZB] ; (4b)
8 2 \2
7171/3 (6V3)2/3
- 4
B Ay (4c)

A comparison between the meridional contours of RBCs predicted by Beck’s model and the experimentally

obtained data can be seen in Figures 1 and 2.
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Fig. 1. Meridional contours of RBCs obtained via Beck’s model (the black thick curves) in comparison to experimentally
obtained ones [(Cell 1 in (a)] and [Cell 2 in (b)] (e) of normal red blood cells taken from [4] (see also [7]). Only one
quadrant of the contour is shown. For the values of the model parameters one has: (a) Cog = 2.64 pum and xo = 1.34 pum;
(b) Cop =3.27 um and xp = 1.91 um.
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Fig. 2. Meridional contours of RBCs obtained via Beck’s model (the black thick curves) in comparison to experimentally
obtained ones [Cell 3 in (a)] and [Cell 4 in (b)] (e) of normal red blood cells taken from [5]. Only one quadrant of the
contour is shown. For the values of the model parameters one has: (a) Cog = 5.76 um, xo = 2.21 um; (b) Cop =2.97 um,

xo = 1.61 um.

3. BIQUADRATIC POLYNOMIAL
APPROXIMATIONS

3.1. Model based on single loop Cassinian ovals

Modelling the equilibrium biconcave shape of
RBCs via Cassinian ovals is the simplest and
probably the most widely used technique [8-21].
Within the framework of this description the merid-
ional cross-section of the considered cells in the
(x,z)—plane is given by the equation

(a2 +x2 +Z2)2 —4a’x* =, 5)

where the parameters a and ¢ are such that for a point
on that curve, the product of its distances from two
fixed points (the foci) a distance 2a apart is a constant

86

2. The shape of a curve given by Eq. (5) depends,

up to similarity, on the ratio € = ¢/a. When € > 1 (or
¢ > a), the curve is a single, connected loop enclos-
ing both foci, while when € < 1 (or ¢ < a), the curve
consists of two disconnected loops each of which con-
taining a focus. In the limiting case € = 1, the curve
is the lemniscate of Bernoulli.

In order that the considered description of the
equilibrium shape has physical meaning one must re-
late the two parameters a and ¢ with the morphologi-
cal ones. For this relationship one finds

2

C
Tmin:2v6’2—a2, Tmax:;a

(6)
D =2+/c?+a?
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Fig. 3. Contours of RBCs modeled via Cassinian [(--------- ) and ( )] and generalized Cassinian ovals ( )
in comparison to an experimentally obtained contours [Cell 1 in (a)] and [Cell 2 in (b)] (e) of normal red blood cells
taken from [4]. The red short-dashed curve (--------- ) corresponds to the set of parameters (a;,c1), while the orange
long-dashed one ( ) to (a3 4,c3.+). In case (a) for the values of the parameters of the Cassinian ovals one has:

a; =2.58 um, ¢y =2.78 umand a3  =2.89 um, ¢3 + = 3.07 um, while for those of the generalized Cassinian ovals the
resultis: a; =2.60 um, b =1.11 and ¢, =2.76 um. In case (b) these values are as follows: a; =2.75 um, ¢; =2.78 um;
az+ =245 um, c3 y =2.49 um; a, =2.75 um, b = 0.89 and ¢, = 2.78 um.

From Egs. (6) we have where
do(€)=v€2—1 EE,ke —E|p(¢e), k(e
o, o c(e) { [2ﬂ<>} [p(e),k(e)]
a=tos a=to— () +Flo(e).k(e)|—F |3 .k(e)] }.
1+¢2

R 1—¢g%’
D 2 + 7’-I%mx — Tmax

ap = 2 ’ - ( ) . e2 -1
¢(€) = arcsin ;
\/Tmax vV D? + Tr%lax - Tr2nax e +1
Cy) = )
V2 4
Ve = §7EC3“//C(£), (8b)
1

(70)

%(e)zé{(uez) 21

1
637i:\/§\/fl%axifmax\/M‘ AT e -2
+3¢e [——arctan( )}}’

4 €2+2ve2 -1
Comparing each pair of parameters and taking into 2/3 +
account the condition for closeness of the ovals (¢ > _ Ve (e)
Ye(e) (80
a), one concludes that only the curves character-

o ale(e)
ized by (ai,c1) [see Eg. (.7a.) ] and (037+,C32+) [see Note that the relationship between the morphologi-
Eq. (7c)] resemble the meridional cross-section of a cal parameters and those of the Cassinian ovals is not
RBC (see Figures 3 and 4). P

Substituting Eq. (5) in Eq. (3) we find that within unique [see Eqs. (D] since the dimensionless param-
the model based on Cassinian ovals one has eter £ can be either £ = ¢/ Or &4 = ¢34 /a3 . In
Eq. (8a) F[@(¢),k(€)] and E[¢p(€),k(€)] denote the
first, and respectively the second kind of incomplete
Ac = 47rc24zfc(e), (8a) elliptic integrals.
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Fig. 4. Contours of RBCs modeled via Cassinian [(---------
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in comparison to experimentally obtained contours [Cell 3 in (a)] and [Cell 4 in (b)] (e) of normal red blood cells taken
from [5]. The short-dashed curve (--------- ) corresponds to the set of parameters (aj,c;), while the orange long-dashed

one (

) to (a3 4,c3,+). For the values of the parameters of the Cassinian and generalized Cassinian ovals one finds

that: (a) a; =2.79 pm, ¢; =2.84 um; az 4 =2.65 um, ¢3 . =2.75 um; ag = 2.77 um, b = 0.86 and ¢ = 2.91 um and
(b) a1 = a3+ =a, =2.65 um, ¢y =¢34 = cg =2.75 pmand b = 1.00.

3.2. Model based on single loop generalized
Cassinian ovals

In order to avoid the lack of uniqueness in the re-
lationship between the morphological parameters and
those of the Cassinian ovals, one could introduce an
additional degree of freedom (parameter) in Eq. (5)
[22-25]. The equation which determins such a gener-
alized Cassinian oval reads

2 22
(az +x2+b 212) - 4a§x2 = cg, )

where now one has

Tmin = 2b4/ 2 — a2,

c2
Tmax — bi 5 (10)
ag

—_n 22
D=2 cg t+ag.

Hence we find that

)

2 2 2
Toin T 4T — T

_ VPPD? — T2, — Tiax
'min (1 1)

e = 2b
\/ 4Tmax \/ Thax —
b= D ,

\/Tmax \V b2D2 + T%ax - Tr%lax
£ V2b '

For the surface area, volume and sphericity index
within this model one has

c
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AgC = 47Eb2C§yc(€),
Vee = 2 abd (¢)
gC - 3 Cg C ) (12)
2/3
W, = p—4/3 7c (*‘3)7
e (€)
where the dimensionless functions .7¢(€) and 7¢(¢€)
are defined in Eqgs. (8), and € = ¢, /a,.

3.3. Kuchel-Fackerell’s model

Within the model suggested by Kuchel and Fack-
erell [26] the equation for the meridional cross-
section of a RBC has the form

(K +22)2 + Coxrx® +Cixr> +Cogr =0, (13)

where the parameters of the model Cigxr, i = 0,1,2
are related to the morphological ones in the following
way

D> 12, s D?
C —_ max (7 _ )
0KF 2 + ) Té -
_lelax <l)2_1) /1_ TI%liIl. (14&)
2 Trznln Tr%lax
D? 2. ¢ D*
Cikr =——Cokr + rzax (T )
min min (14b)
D? D*
Cokr =— TCOKF BETE

The corresponding surface area, volume and spheric-
ity index within the model are
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) and Yurkin’s one (— — — —) in comparison to

experimentally obtained contours [Cell 1 in (a)] and [Cell 2 in (b)] (e) of normal red blood cells taken from [4]. For the

parameters of the considered models in case (a) one has: Cogxr =

—13.75 um?, Cigxr = 7.56 um?, Cogr = 9.35 pm*;

Coy = 0.42, Ciy = —13.17 um?, Coy = 15.29 um?, Csy = —17.71 um*, while in case (b) their values are as follows:

Cokr = —15.04 um?, Cigr = 22.97 um?, Cogr =
Cyy = —6.43 um*.

—3.80 um*; Coy = —0.12, Cy = —14.87 um?, Coy = 39.01 um?,

ClKF—i-COKF)X

—2(Clp —4Cakr ) X +(Cixr —Cokr ) (Coyp—4CokF)

Akr = /
\/CIKF Cokr \/

where

—2(Cixr — Coxr) X — 2CikrCokr + Cigp +4Cokr

dy, (15a)

X =\/Clxp —4Cokr and XuZ\/ Tk —4Ckr +2(Cixr — Cokr) <\/C0KF 4C2KF_COKF>

XU
T
Ver = - / 2\ 22+ 2(Cir — Cokr) X — (Cl+4Caxr — 2CikrCoxr) A (15b)
2(Cikr — Cokr) J
1
1/3 2/3
w26V
lPKF — ﬂ (15C)
AkF
3.4. Yurkin’s model Cyy = _2(02 +4Cyy),
16
Based on Eq. (13), Yurkin proposed the following d2+2Cyy (17b)

four-parametric model (see p. 127 in [2]), describing
the meridional cross-section of a RBC

Py 2C0yx212 +24+ Clyx2 + CzyZ2 + Gy =0, (16)

where the relationship between the parameters of the
model Ciy, i =0,1,2,3 and the morphological ones is

oo D T, Tl
4 4D2 AD*(Thux — Toin) (172)
Coy — D*+4D°Cy — rmm’
472

Coy =———
max

The surface area, volume and sphericity index corre-
sponding to Yurkin’s model can be obtained by using

Eq. (3), in which the function

=

= { [(2c0yx2 +Coy)? —4(x* + Cryx? +C3y)}
1
~2Cw ~Cur}?(18)

has to be substituted. The limits of integration are
0;D/2] = [0;2*1/2\/(% 4Gy —Cly}
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Fig. 6. Contours of RBCs modeled via Kuchel-Fackerell’s model ( ) and Yurkin’s one (— — — —) in comparison to
experimentally obtained contours [Cell 3 in (a)] and [Cell 4 in (b)] (e) of normal red blood cells taken from [5]. For the
parameters of the considered models in case (a) one has: Coxp = —15.11 um?, Cixr = 28.04 um?, Coxr = —16.98 um*;
Coy = 0.17, Ciy = —14.61 um?, Coy = 41.60 um?, Csy = —25.02 um*, while in case (b) their values are as follows:
Coxkr = —14.08 um?, Cixr = 15.06 um?, Cogr = —8.19 um*; Coy = 0.9, Cjy = —14.03 um?, Cy = 15.06 um?,
Cyy = —8.19 um*.

4. POLYNOMIAL APPROXIMATIONS WITH cell one has
A DEGREE HIGHER THAN FOUR 5
T,
4.1. Fung-Tong’s model Corr = ann’
The model proposed by Fung and Tong [27] is B D? [ Tyax (2D? — 3d?)
based on a three-parametric polynomial of the from Cirr = 2 (D2 —d2)? —2Corr |, (20)
2z\2 2x\ 2 D* 72 (D* —2d?%)
(5)=1-%)] Corr =g |Corr ==y |-
2x\ 2 2x\4
% [COF r+Cir T(B) +Corr (5) }’ (19 In integral form, for the surface area, volume and

For the relationship between the parameters C;rr, i =  sphericity index within the framework of the model
0,1,2 and those characterising the geometry of the  one finds

1.2
1.0
— 0.8
g
0.6
N Fung—Tong's model
0.5 Fung—Tong's model 0.4
— — — Evans—Fung's model
— — — Evans—Fung's model 0.2
® Experimental data ® Experimental data
0.0 _ 0.0
00 05 10 15 20 25 3.0 35 0 1 2 3
X [pm] X [pm]

Fig. 7. Contours of RBCs modeled via Fung—Tong’s model ( ) and the Evans-Fungs’s one (— — — —) in comparison
to an experimentally obtained contours [Cell 1 in (a)] and [Cell 2 in (b)] (e) of normal red blood cells taken from [4]. For
the parameters of the considered models in case (a) one has: Copr = 0.075, Cipr = 0.691, Copr = —0.277; Copr = 0.274,
Cier =0.988, Copr = —0.721, while in case (b) their values are as follows: Copr = 0.011, Cipr = 0.375, Copr = 0.038;
Coer =0.104, Cigr = 0.957, Copp = —0.505.
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) and the Evans-Fungs’s one (— — — —) in comparison

to experimentally obtained contours [Cell 3 in (a)] and [Cell 4 in (b)] (e) of normal red blood cells taken from [5]. For the

parameters of the considered models in case (a) one has: Copr

=0.037, Cirr = 0.363, Corr = —0.036; Copr = 0.192,

Cier =0.730, Copr = —0.399, while in case (b) their values are as follows: Copr = 0.036, C1pr = 0.685, Copr = —0.491;

Coer = 0.190, Cigr = 1.197, Cogr = —1.178.

App = nD? / (1= x)[(Corr + Cirr + Corr) — 2(Cirr +2CorT) X + 3Carr X% dy: 21a)
COFT +Cirr +Corr) — (Cirr +2Corr) X 4+ Corr X ’
Vir :T /o \/%[(COFT +Cirr +Corr) — (Cirr +2Corr) X + Corr x?] dx: (21b)
1/3 6V 2/3
o7 _ T (OVPr) T 21¢)
Arr

In Ref. [24], the authors credited this model to
Skalak [28], although it was first introduced by Fung
and Tong (compare Eq. (24) from [27] with the one
given in Figure 7 (a) in [28]).

4.2. Evans—Fung’s model

In order to approximate the obtained experimental
results for the thickness distribution of RBCs, Evans
and Fung proposed the following three-parametric
model [4]

5 -1-3)]

2x\ 2 2x\ 412
X [COEF+C1EF<5> +C2EF(7> ] , (22)

where one finds for the relationship between the
model parameters and the morphological ones the fol-
lowing expressions

Tmin
Coer =~
2 Tmax|3d* — 4D?|
Cier =57 [ 4Coer + (D2 — 422 ], (23)
4 2 2
Tmax (2D~ — 3d~)
C 2C .
2EF = 53 [ 0EF + sen(5d2 —4D%) (D2 — &)

The corresponding expressions for the surface area,
volume and sphericity index are

T

~—=~[(Coer + Cier + Copr) —

3(Cigr +2CoEr) )X + 5CErx?)? dy; (24a)

VEF :T/o VX(Coer 4+ Cier +Capr) — (Cigr +2Caer) X +C2EFXZ]dX

D (35CoeF + 14C1EF 4+ 8CarF) |
210 ’

7.[1/3(6VEF)2/3
Agr '

EF —

(24b)

(24c¢)
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Here we note, that the reader can find a slight
modification of this model in Ref. [29], where the au-
thors introduced an additional factor (the aspect ratio
1 = Tmax/D) in the right hand side of Eq. (22).

5. DISCUSSION AND CONCLUDING REMARKS

In the current article we have summarized the ex-
isting polynomial approximations of the meridional
cross-section of a RBC, and compared each model
to a set of experimental data. For every model we
have given the relationship between the parameters
that characterise it and the ones describing the geom-
etry of the biconcave shape (cross-section), namely
D, d, Tmax, and Tpin.

We started with the lowest degree polynomial ap-
proximation — Beck’s model — representing second or-
der polynomial [see Eq. (1)], where the obtained ex-
pressions for the relationship between the model pa-
rameters and the morphological ones [see Eq. (2)], as
well as the expressions for the surface area and vol-
ume [see Eqs. (4a)] were derived by the author. The
comparison with the experimental data is shown in
Figures 1 and 2.

Following this model we have commented on four
quartic polynomial models, first of which was the one
based on Cassinian ovals [see Eq. (5) in Section 3.1].
Here we showed that the relationship between the pa-
rameters of the model and the morphological ones
is not unique, which generates two distinct curves,
resembling the RBC’s meridional cross section [see

Figures 3 and 4]. Here we derived explicit expres-
sions for the surface area, volume and sphericity in-
dex, see Egs. (8). An interesting observation about the
model is that when € — oo (or equivalently a — 0),
e — 1, Yo — 1 and consequently W — 1. This
justifies the obtained results, due to the fact that when
a — 0 the foci of the Cassinian ovals coincide with
the zero of the coordinate frame and Eq. (5) describes
the cross-section of a sphere with radius ¢, surface
area 47c? and volume (4/3)7mc®. By definition the
sphericity index of a spherical particle is unity.

After slightly modifying Eq. (5) by introducing
an additional degree of freedom [see Eq. (9)], we
obtained an unique relationship between the model
and morphological parameters, as can be clearly seen
from Figures 3 and 4, thus achieving a better approx-
imation then that based on the standard Cassinian
ovals equation. Within this model, expressions for
A, V and ¥ were also obtained [see Eq. (12)].

The last two models of Section 3 are those of
Kuchel-Fackerell [see Eq. (13)] and Yurkin [see
Eq. (16)]. Unfortunately due to the complexity of
these two models, the expressions for A, V and ¥
are only given in integral form. The given rela-
tions between the parameters were derived by the
authors. Looking at Figures 5 and 6, one can con-
clude that the modification introduced by Yurkin is
significant. Note that so far all model parameters
were related to only three morphological ones —
D, Tmax, and Tyiy. The introduction of a fourth pa-

Table 2. Tabular comparison between the experimental values (first row) of the surface area (A [um?]), volume (V [um?])
and sphericity index (W) of four different experimentally obtained mean red blood cell contours and different approxi-
mating models - Beck’s model (B), models based on single loop Cassinian (CO) and generalized Cassinian (gCO) ovals,
Kuchel-Fackerell’s model (KF), Yurkin’s model (Y), Fung-Tong’s model (FT) and Evans-Fung’s model (EF).

Cell 1 Cell 2 Cell 3 Cell 4

Model A Vv ¥ A Vv A Vv ¥ A Vv v

Exp. data 135 116 0.852 135 94 0.741 134 99 0.771 129 95 0.776
B 134 117  0.863 134 91 0.730 139 105 0.774 132 103 0.805
CO* 129 110  0.861 135 107 0.807 134 122 0.832 129 105  0.834
Cco’ 158 131 0.790 108 77 0.810 105 78 0.841 129 105  0.834
gCO™* 134 119  0.873 130 96 0.780 135 107 0.807 129 105  0.834
KF 133 118  0.875 131 96 0.774 137 108  0.801 129 105 0.834
Y 137 122 0.868 135 97 0.756 140 110  0.793 130 105  0.828
FT 136 120 0.865 135 97 0.756 140 110  0.793 127 102 0.831
EF 133 116 0.865 134 93 0.741 138 107 0.780 123 93 0.807

*The parameters of the model are (aj,c;) [see Eq. (7a)]
"The parameters of the model are (a3 y,c3 ;) [see Eq. (7¢)]
**The parameters of the model are (ag,b,cg) [see Eq. (11)]
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rameter allowed Yurkin to include in his model addi-
tionally the parameter d (the diameter of a circle that
determines the location of the maximum thickness)
[see Eq. (17)], and by that to improve the approxi-
mating ability of the polynomial suggested by Kuchel
and Fackerell.

Last but not least we have considered the models
by Fung and Tong [see Section 4.1] and Evans and
Fung [see Section 4.2]. The first, described by a three-
parametric sixth degree polynomial [see Eq. (19)]
while the second — by a three-parametric eight degree
one [see Eq. (22)]. Here we managed to obtain the re-
lationship between the model and morphological pa-
rameters [see Eqgs. (20) and (23)], as well as integral
expressions for the surface area, volume and spheric-
ity index. The comparison with the experimental data
is depicted on Figures 7 and 8. The comparison be-
tween the experimental and model calculated quanti-
ties A, V and W is shown in Table 2.
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BDBPXY PA3JIMYHUTE MOJIEJIN, OITMICBAIIIM1 PABHOBECHATA ®OPMA HA EPUTPOIIUT
I. Bbiues, B. Bacunes, I1. JI>KOHIKOPOB

Hncmumym no mexauuxka, Bsnzapcka akademus Ha Haykume, Y. “Akaod. I. Bonues”, 610k 4, 1113 Cogus, Bsazapus

(Pesome)

KaTo enyH OT Hali-Ba)KHUTE TUIIOBE KPbBHM KJIETKM BbB BCUMUKM IPbOHAYHM OpraHM3MM, M3ydyaBaHETO HA paBHOBecHaTa (opma
Ha epUTPOLIUTUTE e OT 0COOeHa BaXKHOCT 3a pa3dMpaHeTo Ha TeXHUTE PU3MKO-XUMUYHY M MEeXaHMYHM CBojicTBa. HacTosara pa6ora
MpeCcTaBiIsIBa 06061 eHMe Ha ChILECTBYBALMTE 1O MOMEHTA MOJEJM ¥ MEeTOAM, OTIMCBALIY paBHOBeCHaTa hopMa Ha UepBEeHUTE KPbBHU
KJIETKM. 3aI104BaiiKy C Haji-OMPOCTEHNSI MOe — TO3u 6a3upaH Ha oBa/iv Ha KacuHu 1 3aBbPIIBaiKY ¢ Hali-061IVs BUL Ha yPaBHEHUETO
3a popmMaTa Ha OCOCUMETPUYHY GIYUIHM MeMOpaHy, Hue IIpaBUM CpaBHEHME Ha BCEKM OT MOJEINATE C Habop OT eKCrepuMeHTaTHU
nmanuu. lleaTa HM e [a chb3mameM KiacuduKaius Ha MOLEINTe 3a CrielMdUUHNATE 1e/I Ha TIXHOTO IPUIOKEeHe, KaTo HalpuMep 3a
QHAIUTUYHO M3yyaBaHe Ha B3aVMO/IE/ICTBUSITA MEKAY OTAETHUTE EPUTPOLIATI WIIK MEXKIY TSIX U CTEHUTE Ha KPbBOHOCHUTE ChIOBE, 3a
IMarHOCTMKA Ha 3a60/IssBaHus, CBbP3aHy C TPOMSIHA Ha paBHOBeCHaTa (hopMa Ha KJIeTKUTE, KAaKTO U 3a eKCIIePUMEHTATHO M3yuyaBaHe
Ha YepBeHMTe KPbBHM TeJIlla Upe3 pa3ceiiBaHe Ha CBET/IMHA.
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