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Momusayua u yenv: Ilo mamaeiv BO3 [1] cocyamcTble MaTONOTHH 3aHUMAIOT
TUAAPYIOIEe MECTO KaK MO KOJIMYECTBY HACENCHUS, TaK U TI0 CMEPTHOCTH IO BCEMY
MUPY. AHEBPU3MBI COCTaBIISIOT 3HAUMUTEIHHYIO YacCTh TAKUX MATOJIOTHMH U MOTYT
MPOTEKATh KaK C MPOSBJICHUSAMH, TaK U O€3 MPOSBICHUS CUMIITOMOB. B coBpeMeHHOI
BBICOKOTEXHOJIOTUYHOHN MMEePCOHANM3UPOBAHHON MeIUIMHE OOJNbIIas poib OTBOIUTCS
PUCKOBOM XapaKTePUCTUKE aHEBPU3M: (DOPMHPOBaHMS MPOTHO30B POCTAa W pa3phiBa
aHeBpu3M. Takas XapaKTepUCTHKA HEBO3MOXKHA 0e3 MOHMMaHUs (yHIaMEHTAJIbHBIX
OCHOB WX THIPOJMHAMUKH, & TAK)KE MEXaHUKU TKaHEH aHEBPHU3M.

Memoowr u ancopummel: B nmaHHOW paboTe TPHUBOASITCS KOHKPETHBIE ITOIXOIBI,
MO3BOJISAIONIME CHOPMUPOBATH PHUCKOBBIC KPUTEPUHM HAOIIOACHUS, ONCpalH |
BOZHUKHOBEHHSI TIOCTOTIEPAIIMOHHBIX OCIOXHEHUN IS iepeOpanbHbIx aHeBprsM (L[A)
1 aHeBpHU3MBI OpromHo# aopThl (ABA). g onpenenenus ¢hyHIaMEHTaIBbHBIX OCHOB
TUAPOAVMHAMHUKYA  AHEBPU3M  HCIIOJNB30BAICS  OKCIEPUMEHTAIBHBIN  MOIXOH C
(hopMUpOBaHUEM JIAOOPATOPHOTO TUAPOJIMHAMHYECKOTO KOHTypa. s ompeneneHus
MEXaHWYEeCKHUX CBOMCTB HCIIOJIB30BAJNCh PA3INYHBIE JKCIIEPHUMEHTAIBHBIE TEXHUKH:
OJTHOOCHBIM MEXAHWYECKUM TECT, H3MEPEHUSA BA3KOYIPYTHX CBOWCTB, JIAa3€pHO-
uHAyUpoBaHHas (yopecieHnus. Js nmpencka3arebHOro aHajau3a UCIoJb30BaJIOCh
yrcneHHoe MoaenrpoBanue B ANSYS, a Takke cTaTuCTUYECKHA aHATH3 TTONyYEeHHBIX
pe3yIbTaTOB.

Pesynomamer: JIns uepeOpalibHbIX aHEBPU3M YIAJIOCh KIACCHU(DHUIIMPOBATH MaTepHall
aHeBpH3M CcorlacHO uX crarycy. Oxkasajgoch, YTO B 3aBUCHMOCTH OT CTaryca
1epeOparbHBIX aHEBPU3M CYIIECTBEHHO MO-Pa3HOMY SKCIIEPHUMEHTAIbHBIE JTaHHBIE
OTMCHIBAIOTCS TUIEPYNPYTUMHU MOJCISIMU MaTepHajoB, KOTOpble HaWOOJiee YacTo
MPUMEHSIOTCS B BBIUMCIIMTENIBHBIX Makerax. JlaHa mnoapoOHas KiiaccU(pUKaIus
MPUMEHEHHUs] TaKUX MOJIeNed KaK B 3aBHUCHMOCTH OT CTaryca aHEBPU3MEBI, TaK U B
3aBHCHMOCTH OT BEJIMYUHBI Jle(hopMaIiy TKaH! aHeBpU3MHI [2]. Kpome Toro, MeToiamu
JIN® wm CcTaTMCTUYECKOrO0 aHaldu3 JAaHHBIX OJIHOOCHOTO TecTa YAAJIOCh IIOKa3aTh
HaJIMYUE KOPPEISIIMOHHON CBS3H MEXAY JaHHBIMH TaKHUX 3KCIIEpUMEeHTOB. OKa3anoch,
YTO, BHOBb, B 3aBUCHUMOCTH OT CTaryca aHEBPHU3MBI BO3MOXXHO ITOCTPOHUTH MOJEIH
JUHEHHON pEerpeccuu MEXIy OHEPreTHYECKUM OTKIMKOM Ha U3Iy4YeHHEe U
MMPOYHOCTHBIMH XapakTepuctukamMu. I[lomoOHBIE perpeccud BO3MOXHBI Kak IS
BEJIMYMH TPEACIFHOTO HANIPSDKEHUS, TaK U JIJIsl BEIMYHMH TIPEIEIbHON nedopmarmn [3].
MeToaaMu 9ECIIEHHOTO MOJISTMPOBAHUS OBLIO TIOKa3aHO, YTO €CIIN OIIEHUBATH Pa3HUILY
BEJIMYMHBI TMPUCTCHOYHBIX CIBHIOBBIX HANPSHKEHUH B 00JacTH 3a BHUPTYaIbHO-
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YCTAaHOBJIGHHBIM CTEHTOM, TO BO3MOXHO KiacCH(HUIMPOBATH MO TAKOH BEIMYHHE
MpernoiaraéMblii  ONEPalMOHHBIA HMCXOA MO Tpajallid: HET OKKJIIO3UH, CTEHO3 B
obnacTu cTeHTa, yJadHas OKKIIO3us [4].

Jnst ABA ¢ moMOoIIb0 YUCIEHHOTO MOAETHUPOBAHUS YJAIOCH MTOKA3aTh MPSIMYIO CBSI3b
MEXIY pOCTOM aHEBPU3MBI M POCTOM [aBJIEHHs B CHCTEME KpOBOOOpalleHHs
MPOKCHMAaJIbHO aHEBpU3ME TpH 0c0o00i KoHpurypammu OuypKamuum aopTel U
pacmoyoXeHusT aHeBpU3MBI Ha Oudypkamum. OTO O03Ha4aeT, 4YTO HaOIrOAeHUE
MallMeHTOB CO CXOXell KoHgurypaumed Oudypkammu U OudypKalMOHHBIM
MOJIOKCHUEM aHEBPHU3MBI JIOJDKHO TPOUCXOIUTH peryjsipHee BO H30eKaHHE
BOZHUKHOBEHHSI COMYTCTBYIOIINX CEPACUHBIX maTooruii [5]. Kpome Toro, ¢ momoriso
pelIeHHs KOHTAKTHOM 33/1a41 O MEXaHUKE BHYTPHUIIPOCBETHOTO TpoMOa B ABA ynanoch
MOKa3aTh BIMSHHE aCHMMETPHHM Ha MEXAHHKY CTEHKH U BBIIBUTH MEXaHH3M TaKOIrO
BIUSHUA [6].

Buisoowi: llpencraBneHHble pe3yabTaThl IIO3BOJISIIOT PENIATh KOHKPETHBIE KIMHUYECKHE
3aJauu 10 HAOJIOICHUIO, ONICpaIlMi U OIIEHKE MOCTOINEPAIIIOHHBIX PHUCKOB MAllHEHTOB
¢ uepedpalbHBIMHI aHEBPH3MaMH U aHeBpU3MaMHu OprolTHo# aopThl. Kpome Toro, B xoze
peanm3anii  pabOTHI  TMONyYeHBl  WHTEPECHBIE  TOAXOABI  KJIacCHU(UKAIIUU
MaTEMATHUYCCKUX MOHCHCﬁ, pa3p360TKI/I réeMOIMHAMHUYCCKUX KOHTYPOB U IMOAXOAOB K
aHaU3y Pe3yJIbTaTOB BSI3KOYIPYTHX TECTOB.

Qunarncuposanue. Pabota BhIIONHEHA Tpu (UHAHCOBOM TOJJEPIKKE TpaHTa
Poccwuiickoro nHayunoro ¢onma (mpoekt 20-71-10034, https://rscf.ru/project/20-71-
10034/).
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Motivation and Aim: According to WHO [1], vascular pathologies occupy a leading
place both in terms of population and mortality throughout the world. Aneurysms make
up a significant part of such pathologies and can occur with or without symptoms. In
modern high-tech personalized medicine, a large role is given to the risk characteristics
of aneurysms: the formation of forecasts for the growth and rupture of aneurysms. Such
characterization is impossible without understanding the fundamental principles of their
hydrodynamics, as well as the mechanics of aneurysm tissue.

Methods and Algorithms: This paper provides specific approaches that allow us to
formulate risk criteria for observation, surgery, and the occurrence of postoperative
complications for cerebral aneurysms (CA) and abdominal aortic aneurysm (AAA). To
determine the fundamental principles of the hydrodynamics of aneurysms, an
experimental approach was used with the formation of a laboratory hydrodynamic
contour. To determine the mechanical properties, various experimental techniques were
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used: uniaxial mechanical test, viscoelastic properties measurements, laser-induced
fluorescence. Numerical modeling in ANSY'S was used for predictive analysis.

Results: For cerebral aneurysms, it was possible to classify aneurysm material according
to their status. It turned out that, depending on the status of cerebral aneurysms,
experimental data are described significantly differently by hyperelastic material
models, which are most often used in computing packages. A detailed classification of
the use of such models is given [2], both depending on the status of the aneurysm and
depending on the amount of deformation of the aneurysm tissue. In addition, using LIF
methods and statistical analysis of uniaxial test data, it was possible to show the presence
of a correlation between the data of such experiments. It turned out that, again, depending
on the status of the aneurysm, it was possible to construct linear regression models
between the energy response to radiation and strength characteristics. Similar
regressions are possible for both the ultimate stress values and the ultimate strain values
[3]. Using numerical modeling methods, it was shown that if we evaluate the difference
in the magnitude of near-wall shear stresses in the area behind the virtually installed
stent, then it is possible to classify the expected surgical outcome according to this value
according to gradation: no occlusion, stenosis in the stent area, successful occlusion [4].
For AAA, using numerical modeling, it was possible to show a direct relationship
between the growth of the aneurysm and the increase in pressure in the circulatory
system proximal to the aneurysm for a special configuration of the aortic bifurcation and
the location of the aneurysm on the bifurcation [5]. This means that patients with a
similar bifurcation configuration and bifurcation position of the aneurysm should be
monitored more regularly to avoid the occurrence of concomitant cardiac pathologies.
In addition, by solving the contact problem on the mechanics of an intraluminal
thrombus in an AAA, it was possible to show the influence of asymmetry on the
mechanics of the wall and identify the mechanism of such an influence [6].
Conclusion: The presented results make it possible to solve specific clinical problems in
monitoring, surgery and assessing postoperative risks of patients with cerebral
aneurysms and abdominal aortic aneurysms. In addition, during the implementation of
the work, interesting approaches were obtained for classifying mathematical models,
developing hemodynamic contours and approaches to analyzing the results of
viscoelastic tests.

Funding: The work was carried out with financial support from a grant from the Russian
Science Foundation (project 20-71-10034, https://rscf.ru/project/20-71-10034/).
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