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Expressions are obtained for the mean time value of microflow velocities near the boundary of biological objects
(embryo, sperm). These results are the basis for modeling the process of mass transfer of particles of a cryo-
preservative medium to the surface of biological objects in the presence of acoustic oscillations.

Introduction. The effect of increasing cryoresistivity
was obtained on a very limited set of biological objects:
germ cells and nuclear-free blood cells [3].

The possibilities of wusing ultrasound in
cryoconservation of sperm of farm animals are practically
not covered. The mechanisms of ultrasonic action on
cryobiological systems are also not investigated.
Considering this, it is advisable to investigate the possible
mechanisms of action of ultrasonic waves in order to
optimize the conditions of low-temperature preservation
of such biological objects as sperm of farm animals.

This will improve the efficiency of methods for
freezing and warming biological objects (sperm cells,
embryos, etc.) and identify approaches to the use of
ultrasonic waves in cryoconservation of biological
objects. An important issue here is the possibility of a
physico-mathematical description of the interaction of
ultrasonic waves with a cryo-conservation medium
containing biological objects.

One of the defining factors in determining the speed
of microflows arising in the presence of a sound wave is
the vibrational velocity of medium particles in the vicinity
of the boundary surface of a biological object. However,
in practice, the geometric dimensions of a biological
object can be significantly (by several orders of
magnitude) smaller than the length of the sound wave.
Biological objects are modeled by a geometric body in the
form of an ellipsoid of rotation (elongated spheroid).

It is known [1] that one of the main mechanisms of
diffusion of particles of a cryopreserving medium to the
surface of a biological object (embryo, sperm) is micro-
currents arising under the action of acoustic vibrations.
The presence of these microflows indicates that the
average time mass flow is zero.

The magnitude of the constant component of the
velocity (it is assumed that in the absence of acoustic
oscillations of the cryo-preservative medium was at rest)
of the micro-flow is less than the amplitude of the
vibrational velocity in the acoustic wave. Numerous
experimental results [3,7] show that the process of mass
transfer is determined by diffusion resulting from the
presence of a concentration difference between the layer
of the medium immediately adjacent to the surface of a
biological object (embryo, sperm) and the thickness of the
medium.
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Thus, the task is to determine the speed of a
microflow 172 in the vicinity of a biological object based

on the construction of a solution to the problem

Research methodology. We will assume that such a
complex environment takes up some volume. Since the
biological objects under consideration have sufficiently
small geometrical dimensions, it is natural to assume that
the influence of the forces of gravity and inertia on their
movement is negligible. Therefore, it can be assumed that
biological objects move locally together with the
surrounding cryo - preservative medium. In addition, we
will assume that the average distance between biological
objects is large compared with their linear dimensions.
Therefore, the process of formation of a microflow near
one biological object does not approximately depend on
the existence of others and, as shown in section 2, is
completely determined by the exciting acoustic wave. In
this case, you can use the results given in [5,6] and obtain
the following expression for the effective viscosity
coefficientof the liquid formed by the cryo - preservative
medium and biological objects. Consider the case of a
biological object in the form of an ellipsoidal spheroid
(sperm model) [2]. For further -calculations, it is
convenient to introduce spheroidal coordinates associated
with an ellipsoidal spheroid according to the formulas
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Here, ¢ =+ a’ — b, a and b - respectively, the

major and minor semiaxes of the spheroid. Coordinates
£, n,¢ change in intervals £e[l,0], ne[-1,1],
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@e[—m,7]. The equation of the boundary surface of a

biological object in spheroidal coordinates (1) has the
following form
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Since the microflows are realized in a small
neighborhood of a biological object and the tangential
components of the velocity of a microflow are zero on its
surface, it is natural to assume that these components are
zero in a small neighborhood of a biological object.
Therefore, we will assume that the speed of a microflow

V, is directed along the normal to the surface of a
biological object.
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In addition, we can neglect the dependence on the
azimuthal coordinate ¢ {ai =0 ] Since the biological
¢

object is symmetric with respect to the major and minor
axes, we have
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After a series of transformations, we obtain an
equation for determining the speed of a microflow
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We now determine the change in density p, .
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After a series of transformations, limited to members
of the order &2, and integrating over time we get
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Now it is necessary to determine the value p, V', -

the average value for the oscillation period of the exciting
acoustic wave.
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where D, is an arbitrary value that does not depend

on the variable f .

Thus, we have the following expression for the
normal component of the microflow velocity
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After calculating we obtain the final expressions for

the micro-flow velocity in the vicinity of the surface of a
biological object, where the value D, is given by the
formula
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First of all, we note that the average speeds of a
microflow takes the maximum value on the surface of a
biological object (sperm, embryo), therefore the basic
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expression for determining the average speed of
microflows is finally
— P
- 0 (11)
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We obtain the expression for the micro-flow rate for
the average value of the micro-flow rate in the case of a
biological object - sperm,
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where @ and b - are respectively the major and minor
axes of an ellipsoidal spheroid simulating sperm;
§'. -1is the surface area of the sperm.

Based on the obtained expressions (11) and (12) for
microflow velocities, numerical calculations were



performed. The dependences of the speed of microflows
on the magnitude of the sound power of the exciting
acoustic wave and its frequency were investigated. Sound
power varied within P =1 + SMkWT, and frequency

within f =10 + 50 kHz . The results of calculations of

the microflow velocities for the embryo depending on the
magnitude of sound power at various values of the
frequency of the exciting sound wave showed the
following. At a fixed frequency of the acoustic wave, the
speed of the microflow monotonously increases with
increasing sound power.

So in the case of a biological object of the type of

sperm at the speed of the micro-flow 7 = 546 =, the
S

thickness of the boundary layer is 6, = 55 A, and in the
case of an embryo at the maximum possible speed of the

micro-flow 7 =33 M the thickness of the boundary
S

layer &, = 0,19 mxm. An analysis of the calculations

showed that the maximum possible thickness of the
boundary layers are realized at microflow rates,

- 488 M for and

N

VS

respectively, sperm

V,=03 Y for the embryo.
s
The maximum speed of micro-flow of both the
embryo and sperm is achieved at power P = 5wmkWt

and frequency f = 10 kHz. With a fixed sound power,

the speed of the microflow decreases with increasing
frequency. Moreover, the minimum speed of the
microflow is achieved at frequency f = 50xHz and

power P =1 mMkWt and is for sperm 7 - 4884, and
s S

for the embryo 7, = 0,3 M.
S

Conclusions Calculated formulas are obtained for the
time-average micro-flow velocity at the surface of a
biological object in a cryo-preservative medium. It has
been established that the average speed of a microflow
changes only along the normal to the surface of a
biological object and takes the maximum value on its
surface. These results are the basis for modeling the
process of mass transfer of particles of a cryo -
preservative medium to the surface of biological objects
in the presence of acoustic oscillations.
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AHoTanis

PO3PAXYHOK HIBUJIKOCTI MIKPOIIOTOKY ¥
IHOBEPXHI KVYJII, IO MOJAEJIOIOTh EMBPIOH

Kynnenko M. I1. Bitkoscekuii FO. I1., Kui Jiao

Ompumano supasu 05l cepedHb020 3HAYEHHs 3 4a-
coM weuoKocme MikpOnOmoKie nooau3y Kopoowy 0ioao-
eiunux 00'ekmis (emopion, cnepmiit). L]i pezynomamu €
OCHOB8010 0151 MOOENIOBAHHA NPOYECy MACO NepeHocy ua-
CIMUHOK KPIOKOHCEp8YIOU020 cepedosuiyd 00 NOBepXHi
6ionociuHux 00'ekmig npu HAEHOCMI AKYCMUYHUX KOJIU-
8aHb.

AHHOTALINA

PACYET CKOPOCTHU MHUKPOIIOTOKA
Y HOBEPXHOCTHU HIAPA,
MOJAEJUPYIOIMEI'O 9MBPUOH

Kynnenko H. I1., Burkosckuii 1O. I1., Kui Jiao

Honyuenvr gvipasicenuss Onsi cpeone2o 3HAYeHuss No
8peMeHU  CKOpOCmel MUKPONOMOKO8 60IU3U  2PAHUYbI
buonocuecKux 00veKmos (IMopuon, cnepmuil). Imu pe-
3YIbmMamvl SIGSIOMCS OCHOBOU OISl MOOENUPOBAHUSL NPO-
yecca MacconepeHoca Hacmuy KpUoKOHcepsupylouen
cpedbl K NOBEPXHOCMU OUONO2UYECKUX 00BeKmos npu
HAMUYUY aKyCmMu4eckux Koaeoanui.



