This research was supported by the Russian Foundation for Basic Research
(grants 12-01-31431) and by theMinistry of Education and Science of the Russian
Federation (contract 14.A18.21.0389).

References

1. Evans E., Yeung A. Apparent viscosity and cortical tension of blood granulocytes de-
termined by micropipet aspiration // Biophys. J. — 1989. — Vol. 56. — P. 151 — 160.

2. Ruogang Zhao, Kristine Wyss, Craig A. Simmons Comparison of analytical andinverse
finite element approach estoestimate cell viscoelastic properties by micropipette aspira-
tion// J. Biomech. — 2009. — V. 42. — P. 2768 — 2773.

3. Eric M. Darling, Matthew Topel, Stefan Zausher, Thomas P. Vail, Farshid Guilak Vis-
coelastic properties of human mesenchymally-derived stem cells and primary osteo-
blast, chondrocytes, and adipocytes // J. Biomech. — 2008. — Vol. 41. — P. 454 — 464.

4. Sohail T. et al. Micropipette aspiration of an inflated fluid-filled spherical membrane.
2012.

5. Zhang X.-P. et al. Controlled Aspiration and Positioning of Biological Cells in a Mi-
cropipette. 2012.

6. Kolesnikov A. M., Zubov L. M. Large deformations of elastic momentless shells of rev-
olution // lzvectija vuzov. Severo-Kavkazskij Region. Natural sciences. — 2004. — Vol.
1.—P. 33 -37. (In Russian)

7. Kolesnikov A. M., Zubov L. M. Large bending deformations of a cylindrical membrane
with internal pressure // ZAMM. — 2009. — Vol. 89, No. 4. — P. 288 — 305.

8. Zhbanova O. V. Model for the case of low aspiration nonlinear elastic spherical shell //
Izvectija vuzov. Severo-Kavkazskij Region. Natural sciences. Special issue. — 2011. —
P. 28 — 30. (In Russian)

NUMERAL MODELLING OF THE MECHANICAL
CHARACTERISTICS OF THE COMPLEX «INTIMA —STENT»
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Bauman Moscow State Technical University, 105005, Moscow, 2¢ Baumanskaya, 5
a.p.zaretskiy@gmail.com

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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2.The thickness of all sections is fixed.

3.The material element, which is normal to the middle surface of the shell, is nor-

mal to middle surface after deformation too.

4.Normal exertions on the areas, a perpendicular to whom is the same with perpen-

dicular to the middle surface, are negligible.

5.Changing the length of the element, which is perpendicular to the middle surface,

is negligible [1].

Table 1 — Mechanical and geometric characteristics of the LCA and stent

Characteristic. Unit 1% section 2% section 3% section
' (LCA’s intima) (stent) (LCA’s intima)

Coefficient of elasticity E, 0.6 2.10° 0.6

Mpa

Poisson’s ratio p 0,4 0,25 0,4
Internal pressure Pjy, kPa 8 8 8
Section’s length I,, mm 20 10 20
Section’s diameter d,, mm 6 6 6

Wall thickness h,, mm 0,3 0,1 0,3

Let’s write the boundary conditions: rigid fastening of the left edge of 1% sec-
tion and right edge 3° section:

The system of linear differential equations for solving:
Y0 MM o __p By, @
dz dz D, dz dz dy
2
where D, =E”—h”.
12(1—;3)

The resulting plot «radial motion — coordinate» demonstrates, that maximal
motion isn’t at the turn of intima ant stent, but in the middle of the 1% and 3¢ sec-
tions and takes on a value 0,013 mm. The moment of force hasn’t a peak in the
middle of the 1% and 3° sections and takes a value 0,033 N-m. Moment has a maxi-
mum in the middle of the 2¢ section and takes a value 0,147 N-m. Shear force has a
peak at z=0 and z =1, +I, +1; and takes a value 40 N (shear force like a moment

changes the direction for all shell. When the length of stent is 25 mm (I, =25 mm),

maximal radial stroke is 0,004 mm, maximal moment is 0,116 N-m, maximal shear
force saves the final value (40 N).

Thus the analysis of the results allows to speak about the fact that the stent
with a length of 25 mm permits to decrease radial stroke and the moment of force,
which are the main factors of the restenosis. Surely this factor can’t be an a defining
criterion the length of the stent because the elasticity decreasing is the reason of
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restenosis too. Using the results of Doppler’s scanning and modeling cardiologist
can choose the length of the implantable stent with all features.
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MOJEJIHUPOBAHUE OBPA3OBAHUA CTPYKTYPHbBIX
JAE®OPMALINU B BUOKOHCTPYKIUAX
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Bce cTpykTypbl OMOKOHCTPYKUHMI UMEIOT OY€Hb TOHKUM CJIOW, CBOMCTBA KO-
TOPOTO CIEAYeT YYUTHIBATh NpPHU pacueTe ne(HOpMUPOBAHUS >IEMEHTOB, 0COOCHHO
nociie nepesoMoB kocteil. OO6pa3oBaHre TOHKUX MOBEPXHOCTHBIX CIOEB B OMOKOH-
CTPYKULUSX MpeJIaraeTcsi MOJEINPOBATh 3aauaMu 00 OTBEPKIACHUH MOTUMEPHBIX
MaTEpHAIOB MPHU PA3ITUYHBIX TPAHUYHBIX YCIOBHSIX.

buoxonctpykimu (bK) B mporiecce pocta UCIIBITHIBAIOT BO3/ICHCTBUE CUIIOBBIX
U TEeMIEPATYpPHBIX IOJEH, arpecCUBHBIX cpel. McciaenoBaHuss MEXaHUYECKOTO IO-
BeJICHUsSI OMOTKaHeH MOKa3bIBAIOT, YTO TKaHHW 00Jaar0T HeynpyrocTbo. st onpe-
JIeJIEHUsl HanpsiKeHHO-IedopMHupoBaHHOTO coctossHusg bK umcnonbs3zoBanmuch pas-
JIMYHbIE YpaBHEHUs] TEPMOBSA3KOYNPYroctu. Hepeako MpUMEHSIOTCS METOAbl DKC-
NePUMEHTAILHOTO MOAETIUPOBAHUS, HAIPUMEP, METOJ] (POTOTEPMOBSI3KOYIIPYT'OCTH,
B KOTOPOM IOJIMMEPHBIE MaTepuaibl CHavala mpolecca 3aIuBarOTCs B (hOPMBI, 3a-
TE€M MPOXOAUT MOJUMEPU3ALMS MPU TOCTOSIHHON MJIM MOBBIIIAIOIIECHCS TeMIlepary-
pe u mpu pa3HooOpa3HbIX Harpyskax. VccrienoBanus mpoBOAATCS Ha MOJEISIX U3
MOJIMMEPHBIX MATEPUAIIOB C YBEJIMYHBAIOIIECHUCS CTETIEHBIO KOHBEPCHUHU Y .

Ha ocHoBe MeTona poTOTEpMOBA3KOYIPYTOCTH HUCCIIEOBAHBI KHHETHKH JBY-
NPEIOMIICHUSI U HANpsDKEHUM B OJHOPOJHBIX 00pa3lax, B IJIOCKUX M MPOCTpPaH-
CTBEHHBIX COCTaBHBIX MojeNsix. CI0KHOCTh MPOOJIEMBI 3aKITIOYAETCS B TOM, YTO B
M3Yy4aeMbIX IpOIEccax IapameTp 7% HENPEepPbIBHO H3MEHSETCS, IMO3TOMY OIIBIT
MOKHO HaYMHATh C HEKOTOPOTO 3HAYEHUS ), TP KOTOPOM MaTepuan crnocoOeH
BBbIIEPKMBATh Harpy3Ky. B mporecce oTBepkaeHHs 1101 HArPY3KOil IPpH 0OJHOOCHOM
pacTsKEHUH TPU Pa3HbIX CTENEHSAX OTBEPXKJIEHUS 00pa3l0B CO3JAETCsl HEOT)KUrae-
Masi CTPYKTypHas JnedopMalivsi, BEIMUYMHA KOTOPOM 3HAUYMUTEIBHO MPEBBIIIAET BbI-
COKODJIaCTHYECKYIO Je(opManuio, T. €. OcTarouHas aedopmauus ¢, B oOpasue
nocJie OKOHYaHUS TMpoliecca OTBEPkKACHUS OyAeT COCTOSATh U3 HECKOJIBKUX COCTaB-
JSIOIKUX: €, — YHPYIOi, €, — BEICOKOIIACTUYECKON U CTPYKTYPHOU &€y,

€ocr = &y T€0er +Ecp -

AHaJIOTUYHBIE Pe3ybTaThl ObLIN MOJYUEHBI [Tl ONTHYECKUX XapaKTEPUCTUK

IIPU HCCIIEIOBAHUAX TMOJ3YYECTH Ha AUCKAX, Harpy>KEHHBIX COCPEIOTOYEHHBIMU
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