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Introduction

The human body consist over 200 types of cells, which is build different type of
organs like a skin, bones and muscles. More than organs are mix from different type
of cells.

More over 70 years ago molecular biologist E. B. Wilson have writhed in his
bock ,, The Cell in Development and Heredity” — “The key to the every biological
problem in the end must be solved in the cell”

The cells are about 5 times less then smallest visible part and consists all types
of molecules, which is needed one organism for his process of reproduction. This fact
not allows the scientists to observe their structure, to uncover their molecular
composition and to understand how function of their different type of components is.
Methods “In Vivo” can’t deliver the answers of these problems.

The cultivation of human cells out of the human body allowed the research of
basic biological and physiological phenomena like of control of the normal live cycle
and the most of his mechanisms.In the traditional research methods, the human cells
are cultivated, with the help of containers, in which the cells are fixed in the bottom
under gravitation force. The result is thin layer of cells, which was could “Monolayer”
and this cells are not in condition to execute all functions of original organs. The cells
aggregate in the human body are three-dimensional.

After repeatedly experiments were proved, that in conditions near of
weightlessness in the Cosmos [1, 2, 3], the culture of cells grows up moor fast, the
same time in 3D structures. The idea to simulate micro gravitation is very old and
maybe was started from so could clinostats [4] — rotational containers. In the same
principle are based and rotational bioreactors. [5, 6]. Micro gravitation is artificially,
and effects at expense of balance of forces, which action is under the cells aggregates
in the process of rotational transport.

31



In the same time is determine, that if the Resultant Force Vector is not equal of
zero, but is realized periodically with fixed frequency variation of his directress, than
the cells receiving this conditions like of micro gravitation. For example, stationers
bioreactor devices is placed over the platform, which is making oscillating movements
(Fig. 1), realized with the help of stoop mechanism. Under the experiments are
bioreactors with two end three orthogonal axes of rotation [6] (Figs. 2 and 3).

Fig. 3. Bioreactor three orthogonal axis of rotation

32



On Fig. 4 [3] is shown plan on mechatronical bioreactor device (MBD) with
two parallel axes of rotation and image on bioreactor B type miniPERM. The one of
axes coincide with the projection in point O,, and the rotation in relation to O, is
transmitting on the module of bioreactors.(BM) by means of the friction transmission
between 2'-2.The rotation axes 3 are free bearing and they to serve as two prop axes.
The kinematics of the bioreactor device is researched from authors in the quotes
literatures.

Fig. 4. Bioreactor type miniPerm

MBD with two parallel axes of rotation. (Fig. 5)

The kinematical parameters (functions of position, velocity and accelerations) were
find [3] about a law of rotation of BM in combination with two laws of device B.
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Fig. 5. Mechatronical bioreactor device with two parallel axes of rotation
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Geometrical dependence
The equations for continuity transformations of the coordination systems are:

X, = XCOS ¢, — ySing,,

@ Yy, = Xsing, + yCos¢,,
X, = XCOS(A+(02 ——J ys|n(A+¢2 __),
2) yl_x3|n(A+q)2——)+ ycos(A+¢2——),
X'= XCOS(A+(01 + @, ——J ysm(A+¢1 + 0, __),
(3) Y' —xsm(A+¢1+q}2—E)+ yCOS(A+q)1+q)2—E);
X :Icos(%—5+q)1)+x',
4)

Y :Isin(%—5+gol)+Y'.

Kinematical dependence

The equations for velocity are

X, =XCOSP, =X, SiNg, —YSing, —y¢, COSp, |

) S . : c
Y, =XSIN@, +X@, COSp, +YCOSp, — Y@, SINg, ;

(6) X1=XCOS(A+Q)2—%j—X¢ZSiH(A+¢2_%)_

- ysin(A + 0, —%)— Yo, cos(A + 0, —%)

Y, = Xsin[A+go2 —%j+ X, COS{A+¢2 —%j+

+ ycos{A+go2 —Ej y¢23|n[A+go2 —%J
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X'= Xcos(Aﬂol +Q, —%)—x(q}l +gb2)sin(A+go1 + 0, —%)—

. T L. V3
- ysm(A +Q+¢, _E) - y(p + CDz)COS(A +Q+ 0 _E)v

(7)
S T L T
Y':XSIH(A+¢1+¢2—E)+X(¢1+¢2)COS(A+¢1+Q)Z—E)+
. T . S T,
+ yCOS(A P+, _E) - y(p + CDz)Sm(A +¢+ @, _E),
X =—|g015|n[5—5+g01j+x ,
(8)

Y =I¢lcos[%—5+golJ+Y".

Mechanism for (oscelirations) motions of the platform

We accept sliding block’s mechanism for realization on osceliration motion of the
platform (Fig. 6). The crank AB is driving from engine, which velocity can be constant,
but it can be and manage with beforehand given law. Whit the sliding block O,B is
connection static with the platform P of the bioreactor.

The fluid and the cell’s spheroids take part in two frame motions — the osciliration
of the platform and rotation motion on BM.

Kinematical dependence for (oscelirations) motions

X

Flg. 6. Sliding block’s mechanism
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I, coso,
=arcctg| —2——42— |
©) 7 g( | +1,sinp,, J
. I, +1;sing,, .2
(10) 2 o sing,, +12 72
(1) G, = (I -1l cospy, .

T 202 : 292 Y2d-
[ +2L1,sing,, +15]

With 6 is denoted the angular of rotation of the crank AB. We will test the
laws about the manage on velocity of BM.

(12) ¢, = A(L+sinat),

(13) @ =—Ae B sinh(sint +C) + D,

(14) @ =+Ae ™ sinh(C +1) + D,

(15) ¢, = iAsinZ%,
A

(16) 0, =|E(mt—smmt),

(17) ?, =i5§sin at.

The functions (9), (10), (11) and (16), (17) are shown on Figs. 7 and 8.
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Fig. 7. Draw of functions from (10), (11), (12)
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Fig. 8. Draw of functions from (16), (17), (18)

Analysis of the results and conclusions

The geometrical and static’s analysis on the sliding block’s mechanism show, that in
third and fourth quadrant the gravity force is compensate partial from the centrifugal
force. Thus the probability the cells to construct 3D structures grow up significantly,
because the diminish on the gravitational field
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MexaTpoHHBII OMOpEaKTOp C ABYMs MapajelbHbIMU OCSIMU POTALIMU

Cmunan Tooopos

Llenmpanvnas nabopamopus mexamponuxu u npubopocmpoenus, 1113 Cogus

(Peztome)

HpeZ[CTaBHeHHI)I HUCCIICA0BaHUs aBTOpa OTHOCUTECIIBHO BCIWYWUHLI U OPHUCHTALlUU
PE3YIBbTAaHTHBIX CHUJI BCKTOPOB B 6H0peaKT0pe KJIaCHUYCCKOro Tuiia C ABYMI
napajcibHbBIMU OCAMU pOTalHHU, 663 YIpaBJICHUA U C YIPABJICHUEM CKOPOCTAMHU
poranuu. ['paduunoe n300pakeHNE BEIMYMHBI U OPUEHTAIUU CHJIOBOTO BEKTOpA
Ha3BaHO ,,oJsipHas auarpamma’. Jlanbiie aBTop OyaeT myOIMKOBaTH CBOH
HCCIleIOBAHUSI OTHOCHTEIbHO OMOpeakTopax C JABYMs U Tpems B3aUMHO-
NEPHNECHANKYIAPHBIMU OCAMU pOTalUU.
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