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Introduction. The cell membrane surrounds the heterogeneous material, 

which is called the cytoplasm. She is responsible for the regulation of exchange be-

tween the cell and its environment, for the maintenance of certain conditions of the 

internal environment, the protection of the cytoplasm, nucleus, and vacuole. The 

mechanical properties of the membrane (the deformation and stress in it) can play 

an important role in its functioning [13]. Based on experimental data it can be as-

sumed that the membrane has a small resistance to bending. So the membrane mate-

rial can be considered as highly elastic and incompressible [4]. Thus it is necessary 

use a nonlinear theory of membrane shells to construct its mathematical model. 

In this investigation we simulate a spherical cell’s aspiration into a micropipette. 

This procedure is used to study the cell membrane’s mechanical properties, for ex-

ample [13]. 

Main. The cell membrane is modeled by a thin membrane nonlinear elastic 

shell. The action of intracellular substances to the membrane is considered like a 

evenly distributed normal pressure. In the initial state, the shell has a constant thick-

ness h and radius 0r . The shell material is described by the potential energy in the 

form of Bartenev - Khazanovich for incompressible material 

  1
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Here 1λ  and 2λ  are denote principal elongations multiplicity. 

We assume that membrane’s inner pressure is constant and the shell retains axi-

al symmetry. The shell has a radius 0r  in the undeformed state (Fig. 1, a). The shell 

radius becomes 0R  under internal pressure (Fig. 1, b). The process of aspiration is to 

create a negative pressure in the tube, causing part of the shell is drawn into the tube 

radius pr . At the initial stage, we assume that the shell is in contact with the tube only 

to coordinate line cs const  (Fig. 1, c). The contact area is increases with a signifi-

cantly membrane’s penetration into the tube. Interaction occurs with the inner wall of 

the tube (Fig. 1, d). Due to the fact that the shell has a convex shape, the penetration 

of the shell in the tube is already    
22

0 0 0 pL R R r    at the initial time. 

The process of aspiration can be controlled either by varying the pressure in 

the tube (Fig. 1, e) [1, 3], or volume change in the tube(Fig. 1, f) [5]. In the latter 

case it is assumed that this is due to the movement of the piston inside the tube [5]. 

At the first stage (weak aspiration (Fig. 1, c)), shell can be divided into two ar-

eas: AC – area outside the micropipette, CB – area outside the micropipette. Then, 

shell’s contact with micropipette grows into a contact area CD (strong aspiration 

Fig.1.d), at a certain threshold pressure. In this case, the task is solved for three are-
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as: AC – area outside the micropipette, BD – area outside the micropipette, CD – 

contact area. 

 

a)

b)

c)

d )

e)

f )

p

u
A BC D

A B
C

0r

0R

inP

inP

exP

exP

pipP

pipP

mineral oil
piston

 
 

Figure 1  Aspiration of the shell: a)  shell; b)  inflated shell; c)  a weak aspiration; 

d)  a strong aspiration e) – a process, which is controlled by varying the pressure; 

f) - a process controlled by the movement of the piston 

 

Equilibrium equations are reduced to several systems of ordinary differential 

equations for the different areas, in the context of assumptions under consideration 

[68]. The boundary conditions are the conditions of continuity and smoothness of 

the solutions at the boundaries. Boundary value problem is solved numerically us-

ing Shooting method and Runge–Kutty methods. 

Conclusion. The mechanical properties of the membrane and the cell as a 

whole can be inferred by the response shell on the deformation process [1]. There-

fore, we are interested in the dependence of the depth of shell’s suction L and the 

parameters that create the aspiration conditions. Fig. 2 illustrates these dependences. 

Graph of L and pressure in pipette pipp  is illustrated by dashed line – for the case 

when the negative pressure creates in micropipette (Fig. 1, e). Solid line is illustrat-

ed the dependence L and U, in the case when the shell is aspirated due to piston 

movement U (Fig. 1, f). 
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Figure 2  Dashed line – dependence L and pipp ; solid line – dependence L and U. 
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Abstract. Stenting is one of the modern methods of surgical treatment of dis-

eases of the coronary arteries. The essence of this procedure is an increasing of the 

vessel’s interior diameter through the introduction of a thin-walled metal cylindrical 

shell – stent. Mechanical characteristics of the stent make the problem solvable. 

Restenosis is the principal problem of the stenting. Intima’s (inner shell walls of a 

vessel) mechanical failure is one of the reasons of the restenosis. This surgical prob-

lem issues the challenge of the correct modeling of the mechanical characteristics of 

the coronary arteries and stent. 

Let’s consider the left coronary artery (LCA)and anterior descending coronary 

artery (ADCA) intima’s and stent. Geometric features of the stent’s wall in the con-

text of the problem aren’t important, that’s why they were not taken into considera-

tion. Thus, let’s consider thin-walled cylindrical shell, which includes 3 sections 

with characteristics presented in the Table 1 (n – section’s number). 

The important step of the modeling is a creation of conditions: 

1.An axisymmetric bending of a cylindrical shell is considered in this task. 
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