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HOCTaHOBKa 3agaum

Nuremuueckas 6051e3Hb cep/iia JOMUHUPYET B CTPYKTYpe
3a200J1€BaEMOCTH U SBIIAETCS OCHOBHOW NMPHYMHON WHBAHIH-
3auu HaceneHust Poccun M Jpyrux SKOHOMHUYECKH Pa3BUTBIX
cTpan. Muremust Muokapa o0yclIOBIeHA CHUKEHHEM €ro mep-
(y3un, BBI3BAaHHOH OKKIIIO3MEH KopoHapHBIX aprepuit (KA).
Cpenu OKKJIIO3UOHHBIX nopakeHuil KA nuaupyromee moo-
JKEHHE 3aHUMAET aTepOCKIIepO3.

B mocnenHee BpeMms B 3apyOeKHOU M OTEUECTBEHHOM JTH-
TepaType MOSBISAETCS Bee OOIBIIE MyOIHKAIUA, aKIEHTUPYTO-
IMX BHUMaHHE Ha TeMOJAMHAMUYECKON TEOpUH aTeporeHesa.
M3ydeHunto noABepruyThl KaK pa3inyHble MEXaHU3MBbI BIUSHUS
MOTOKa KPOBHU HA COCYAMCTYIO CTEHKY, TaK U BIUSHHE IOpa-
JKEHHOM COCYIHMCTOM CTEHKHM Ha paclpelesIieHue U CBOWCTBA
[TOTOKOB KPOBH.

Y4eHBIMU YCTaHOBIICHO, YTO O0JACTH C HU3KHUMH KacaTellb-
HBIMH HaIPSDKCHUSMHE, B TOM YHCIIC YYACTKH, ONM3KUE KPa3BeT-
BJICHHSIM, UCKPHBJICHHSM HJIH CY’)KCHHUSIM apTepuii, boneearepo-
reHHsl [1, 2, 3, 4]. B cBeTe Teopnu areporeHe3a 3HAUYHTEITBHBIN
MHTEpEC MPEACTABILIOT paboThl Kumar [5] mo u3y4eHuto Kopo-
HapHBIX apTEePHii, TOPAKEHHBIX aTEPOCKIEPO3OM.

HecmoTpss Ha OrpoMHOE KOJNMYECTBO paboT, MOCBSIICH-
HBIX MOJICIIMPOBAHUIO W PA3TUYHBIM METOJAM HCCIICTOBAHUS
CEPACYHO-COCYIUCTOW CHUCTEMBI, Ha CETOAHANIHUI JI€Hb HET
JTAHHBIX, OIMUCHIBAIONINX T€MOAMHAMHKY U yIpyro-uedopma-
THUBHBIC CBOWCTBA HATUBHBIX KOPOHAPBIX apTEPHI C yUETOM UX
B3aMMOJICHCTBUS C MUOKAPIOM.

Jis m3ydeHuss TeMOAMHAMHUKHA U HaNPsHKEHHO-IePOpMU-
POBaHHOTO COCTOSHHSI KOPOHAPHBIX apTepuil cepila YenoBe-
Ka HEOOXOONMO MOCTPOCHHE MAKCHMAJIBHO TOYHON KOMITBIO-
TEPHOW MOJENH C 3aJaHUEeM peallbHBIX IMapaMeTPOB CBOICTB
Marepuana. B cBs3u ¢ 3TuUM, ompeneneHne reoMeTpUd U Me-
XaHMYECKHUX CBOMCTB TKaHEU SBJSETCS HEOOXOAMMBIM ITOJTO-
TOBHUTEIFHBIM 3TAIlOM TIpOIlecca MOAETHpoBaHUsA. B maHHON
paboTe mpeacTaBiIeHbl Pe3yAbTaThl HCCIEIOBAHUS MEXaHHIEC-
KHX CBOMCTB KOPOHAPHBIX apTePHH U PE3ybTaThl YHCICHHOTO
MOJIEJIMPOBAHUS MOBEEHUSI JIEBOM U MPaBOW KOPOHAPHBIX ap-
Tepui, 3aKPEIUICHHBIX Ha MYJIECHPYIOIIEM MHOKapAe B HOpMeE
U TIPH PA3INYHBIX CTENECHAX MOPAKEHUH aTepOCKIEPO30M.

MOJIEJINPOBAHUE T'EMOJIMHAMUKH
KOPOHAPHBIX APTEPUI
C YUYETOM 1X B3AUMOJIEVCTBUS
C MHUOKAPIOM

lyuxuna O., acupaHT
Kupunnosa U.B., kaun. ¢pus.-mMar. Hayk, JOLIEHT
CapaToBCKUi ToCYAapCTBEHHbII YHUBEPCHTET
um. H.I. Yepneimesckoro, Poccus

IIpoBeneHo Hccien0BaHNEe MEXaHMYECKUX CBOMCTB KOPOHAPHBIX ap-
Tepuii (KA), komnbroreproe 3D MomenupoBaHUEe M YHCIICHHBIN aHAIM3
HanpspkeHHO-ieopmupoBanHoro cocrostaust (HJIC) U remoamHaMukn
JICBOW M IIpaBOii KOPOHAPHBIX apTepuil. Marepual CTeHOK apTepuii mpes-
TIoJ1araJicst KaK JIMHEHHBIN H30TPOITHBIH, KPOBb — HBIOTOHOBCKOH JKHJIKOC-
Th10. [IpoBeNIeH aHaIN3 MOTYyYEHHBIX JaHHBIX JJ1si KOPOHAPHBIX apTepHii ¢
YHYETOM UX B3aUMOZEHCTBHS C MHOKAPIOM.

KinoueBsble ciioBa: uieMuyeckas 0ONe3Hb Cepala, arepocKiepos,
KOpOHapHbIE apTEPUH, KOHEUHO-3IEMEHTHOE MOZIEIMPOBAHMUE.

VYuacTHuKH KoH(epeHuuy, HamonanpHOTo epBeHCTBA
110 Hay9YHOU aHaJINTHUKE

MexaHn4yecKHe NCTIBITAHUS

HccnenoBanust IPOBOAMINCH Ha HACTOJIBHON OHOKOJIOH-
HOM ucnelTarensHON MamuHe Instron 5944.

OkcnepumenT 6611 ipoBeeH wrst 60 KA (30 JIKA, 30 ITKA)
¢ ucrnonb3oBanueM BioBath npu komHarHOH Temmeparype B
0,9% BOIHOM pacTBOpe XJopHuaa Harpus — (usnonoruuec-
koM pactBope. Mcnone3oBanne BioBath nossomser nposo-
JUTh MCHBITAaHUS B JKHIKOW Cpele, YTO IOBBIMIAET TOYHOCTH
pe3yJIbTaToOB, COXpaHssd CBOMCTBA apTepuil HPHOIMIKEHHBI-
MH K (u3nonorndeckuM. Bo Bcex ciydasx NpHYMHAa CMEpTH
ObLTa HE CBfA3aHA C MOpaXEHHEM KOPOHApHBIX aprepuii. Bece
MarepHaibl ObUIH pacHpeeeHs! Mo 4 BO3pacTHBIM IPyIIIaM:
I rpynmna — 61-70 ner, II rpynna — 51-60 ner, 1II rpynna —
41-50 net, IV rpynna — 31-40 ner.

Jlo Havana SKCIepUMEHTOB 00pa3Ilbl COXPAHSUINCH TAKXKE B
(bu3HoIOrNUecKOM pacTBope npu Temneparype 20+1C°.

OO0pasip! BBIPE3INCh U3 COCyAa B IBYX HAIPaBICHHSIX
— IPOZIOJIBEHOM M OKpPY)XHOM. B cpemnem mimHa obpasma co-
CTaBJIsIa 10: 30+0,02 MM U IPOIOIBHOTO U 10 = 8+0,02 MM
IUISL OKPY)KHOTO HaIlpaBJIeHUI HarpyxeHus. TommuHy o0pas-
I[a OMpPEAEeISUT MU(PPOBBIM MHKPOMETPOM C IOTPEIIHOCTHIO
He Oonee = 0,005 mM. B cnywae nmnmmHapudeckoro obpasna
— BHEUIHUH AMaMeTp CEYCHHUs] U3MEPSAIOT B TPeX MECTax II0
uinHe oOpasua (B cepenuHe W y TopuoB). Jlomyckaercs pas-
HOCTBH AMAaMETPOB MO BceM m3MepeHusM He Oonee 0,01 mm. 3a
pacdeTHBII AMaMeTp MPHHHMAIOT CpegHee apH(MeTHIecKoe
Ppe3yabTaToB BCEX U3MEPEHUH.

[ns BoccTaHOBNEHHS (DU3UKO-MEXAaHHMYECKHX CBOICTB
cocyna, MPUONIDKEHHBIX K (H3HOIOTHYECKOMY COCTOSHHIO,
MIPOBOAMIIOCH 3 IUKJIA «IpennoAroToBkm» (puc. 1). CkopocTs
Harpy>keHus coctapisuia 20 MM/MHUH.

B pesynmbrare skcnepuMeHTa ObIIM NOTYy4YeHBI TpaduKH
3aBUCUMOCTH OTHOCHTENBHOTO YAJIMHEHHUS — HANpPSKECHHS,
KOTOpBIE UMEIOT SIPKO BBIPAKEHHBIM JTMHEHHBIA XapakTep Mpu
OJTHOOCHOM PACTSKEHUH.

AHanu3 NOydeHHBIX Pe3yNbTaToB ISl OCHOBHBIX CETMEH-
TOB KOPOHAPHBIX apTepuii OKa3amt:

— obpasusl IV rpymmer (31-40 net) obnamaror Gomblueit
3NIACTUYHOCTHIO, Hekenr 00pa3isl | rpymmer (61-70 mnert);

— IpH TOPaXEHHH CTEHOK COCYIOB MEJIKOOYaroBBIM M
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Puc. 1. I'pa¢gux BoccTaHoBIeHHs PU3HOJIOTHYECKHX CBOICTB MaTepHaJia PH «IPeABAPUTETbHOM) HATPYKEHUH

KPYITHOOYAroOBbIM KapHOCKIICPO30M 00pasiibl AEMOHCTPHPY-
0T Majyl0 3JacCTHYHOCTh, HEXKENU HE MOPaKCHHBIC NaHHOMH
MaTOJIOTHUEH;

— YMCHBIIICHHE TACTHYHOCTH MPH OTAATCHHOCTH CETMEH-
Ta OT OCHOBHOI BETBH apTCPUH;

— POCT KECTKOCTH TKaHH TNPH BO3PACTHBIX HU3MCHCHHSIX
CTCHOK KOPOHAPHBIX apTepHii cep/iia YeaoBeKa:

— st ocHOBHOTO cTBOja JIKA WM3MeHeHue JKeCTKOCTH B
10 pa3 ot IV (0.05 MIla) k I rpymne (0.5 MIla);

— g orudaromei BetBu JIKA u3MeHeHUE XKECTKOCTH B
10 pa3 ot IV (0.02 MITa) k I rpynme (0.2 MITa);

— I TMaroHajdbHBIX BeTBel JIKA m3MeHeHHe KeCTKOCTH
B 6,5 pa3 ot IV (0.15 MITa) k I rpynme (0.97 MIla);

— st ocHoBHOTO cTBONa [IKA m3MeHeHne KeCTKOCTH B
10 pa3 ot IV (0.04 MIla) k I rpymmne (0.4 MITa).

AHanu3 NpOYHOCTHBIX CBOMCTB IOKa3aJ, YTo:

— BetBH [IKA npounee BetBeii JIKA B cpennem Ha 15%;

— KpYyIIHBIE CErMEHTHI apTepHi 00JamaloT OOoNbIIeH Mmpo-
YHOCTBIO 110 CPABHEHUIO C METIKHUMU;

— ISl KPYIHBIX CErMEHTOB apTepHuil pa3HHIa MEXIy Ipe-
nenamu npoynoctd it 1 u IV Bo3pacTHeIX rpymn He Goiee
45%;

— UL MEJIKUX CeTMEHTOB apTepHil pa3sHHIA MEXIy Ipe-
nenaMy mpoyHocty i 1 n IV BO3pacTHBIX TPy COCTaBIsET
nopsinka 70%.

9710 yKa3bIBaeT Ha HEOOXOAUMOCTH OoJiee paHHEro mpoBe-
JIEHUS] MEPOTIPUATHH 10 MPO(UIIAKTHKE CEPACTHO-COCYTUCTHIX
3a0011eBaHUH.

IMocTpoenue 3D Moneneii KOpoHAPHBIX apTepuii

JInst peKOHCTPYKIMN peabHON reOMETpUH apTepuii, ydu-
TBHIBAIOLIMX BHYTPEHHUH penbed cocyna, IPHMEHSIICS METON
3aJIMBKY CHJIMKOHOM in vitro (puc. 2, 3), a TaK >xe JaHHBIE MOp-
(domeTpun, IpeaIoKeHHbIe B PyKOBOACTBE AN Bpader [6], ¢
HCTIONB30BaHUEM CIIEILIMATN3HPOBAHHOTO IPOrPAMMHOTO ITaKe-
ta SolidWorks 2008 (puc. 4).

B cooTrBercTBHE ¢ TAHHBIMU, MOIYYEHHBIMH IIPH THCTOJIO-
THYECKOM HCCIIeJOBAaHUH, ObLIa 33/1aHa TOIIIMHA CTEHOK KOpO-
HapHBIX apTepHil.

Puc. 2. IIKA ¥ CHIIHKOHOBBIH CJI€NOK

Puc. 3. IKA u CHIMKOHOBBIH CJI€NOK

Puc. 4. 3D reomeTpusi npaBoii 1 J1eBoil KOPOHAPHBIX apTepuii
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HMnopTupoBaHue TaHHBIX B KOHEYHO-)JIEMEHTHBII MaKeT

V3ydenne HanpsmkeHHO-1e(OPMHUPOBAHHOTO COCTOSIHUS U
TeMOJIMHAMUKH KOPOHApHBIX apTepHil IPOBOAMIOCH ITOCPEIC-
TBOM KOHe4yHO-31eMenTHoro nakera ANSYS Multiphysics. s
pacueToB Ha IOJy4EeHHBIE O00BbEeMbI ObUla HaJIOKEHA Hepery-
JIsIpHast TeTpadpuueckas ceTka ¢ pasmepoMm semeHTos 0,0007
Juia creHkH npasoi u 0,0009 nst cTeHKU 1€BOil KOPOHAPHBIX
aprepwuit u 0,0005 mis xugKOCTH (pHC. 5).

Puc. 5. HanoxeHue pacueTHOi ceTKH Ha MoesIb
KOPOHAPHBIX apTepuii

Pe3yabTatsl pacueToB

ITpn 4KCIEHHOM MOJENMPOBAHUM AMHAMUKU KPOBOTOKA
U HaNpsDKCHHO-1e(OpMHPOBAHHOTO COCTOSHHSI CTEHOK KO-
POHApHBIX apTepHi KPOBB IIpeIoNaragach OGHOPOIHOHN, He-
C)KUMaeMOH 1 HBIOTOHOBCKOH JKHUIKOCTBIO. MaTepuai CTeHOK
HPEeAIoNaraicss OXHOPOXHBIM, H30TPOIHBIM, HAEaTbHO-YII-
pyrum. J[BI>keHHE CTEHKH B HECTAllMOHApHOM CIIydae OIIH-
CBIBAJIOCH BTOPHEIM 3akoHOM Hbrotona. Topibl cocyna xecTKo
3aKpETUICHEL.

Ha creHke aprepun CTaBMIOCH YCIIOBHE PAaBEHCTBA CKOPO-
CTeH YacTHIl XHUAKOCTH, IPHIIETAIOMNX K CTEHKE, U COOTBETC-
TBYIOIIMX YaCTHI] CTeHKH. Ha y3max simeMeHToB, IpHHAIIe-
JKaIlX BHEIIHEH CTEHKE apTepHH, CONMPUKACAIOMEHCS C MHO-
Kap/ioM, 33/1aBaJOCh JABJICHUE, COOTBETCTBYIOIIEE BHEITHEMY
JIaBJICHHIO CEePJEYHOI MBIIIIIEI Ha KOPOHAPHEIE apTEPHH.

Ha Bxopze B apTepwIo 3a1aBanachk CKOPOCTh TEUEHHS KPOBH,
n3MeHsomasics o GusnoIornieckoMy 3axony. Ha Berxoze 3a-
JIaBaJIOCh JABJICHUE, COOTBETCTBYIOIIEE BHECOCYAUCTOMY CXKa-
THIO CETMEHTOB, ITOTPYKEHHBIX B MHOKAp/I.

MexaHU4eCKHe XapaKTepPUCTHKH KPOBHU, CTEHKH apTepHH,
TKaHe# cepaua:

p, = 1050 xr/™?, 7 = 0.0037 Ta-c, p, = 1378 xr/m®, v = 0.4,
E, = 5.5-10° H/M? (Mozynb FOHra nyist neBoit kopoHapHO#H ap-
tepun), E, = 8:10° H/m? (momyns FOnra anist npasoii koponap-
HOH apTepuu), Ie p, — MIOTHOCTb KPOBH, 7] — BA3KOCTh KPOBH,
p,— IWIOTHOCTh CTEHKH apTepui, v — kodpuuuent Ilyaccona.

B xopme skcriepuMeHnTa ObUTH HOJIyYEHBI CIEIYIOIIUE pe-
3yJIBTaThl B 3aJaHHOM CEUCHHU:

— B paifoHe NepBOTO Pa3BETBICHHUS JICBOH apTepUH MaKCH-
MaJIbHOE JIABJICHUE JJOCTHraeTCs B Orudaroiieii BeTBu (puc. 6).
B paiione n3ruba npaBoii apTepuu JOKAILHOE JaBICHUE KPOBU
MHHUMAJIFHO Ha BHYTPEHHEH CTeHKe M3ruda, a 1o Mepe IpH-
OMKeHNsT K Hapy)KHOW CTEHKE YBEIMYUBACTCS M JIOCTHTAeT
MaKCHMyMa Ha caMoii cTeHke (puc. 7);

— MaKCHMAaJIbHbIe 3HAYEeHHs CKOPOCTH IIOTOKA KPOBH JI0-
CTUTalOTCsl Y BHYTPEHHETO pajuyca B paiioHe H3ruba aprepuit
(puc. 8, 9). B mepBoM cermMeHTe NpaBoii U orudaromeil BeTBU
JeBOW apTepuil HaONIONAIOTCSl CPABHUTENILHO HU3KHE 3HaYe-
HUSI CKOpPOCTel ¢ oOpazoBanueM Buxps (puc. 8, 10);

Puc. 6. Pacnipeesienue 1aBjieHust B 33JaHHOM
ceyennn JIKA

Puc. 7. Pacnpenesienne 1aBjieHusi B 3a1aHHOM
ceuennn [IKA

Puc. 8. PacnipenesieHue 3Ha4EHHUIT CKOPOCTeil B NepBoM
cermente JIKA

Puc. 9. Pacnipesesienne 3Ha4eHHil CKOPOCTeii B paiioHe
uzruda IIBA

Puc. 10. Pacnpenenenne 3HaueHmii ckopocTeii B neppom
cermenTe ITKA
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Puc. 11. Pacnpenesienne 3HaueHHii KacaTeJbHbIX Puc. 12. Pacnpenenenne 3HaueHHii KacaTeIbHBIX
HaNpsKkeHUI Ha creHkax JIKA HanpsekeHui Ha crenkax ITKA
Puc. 13. Pacnpenenenue nepemenieHuii Puc. 14. Pacnpenenenne nepemMenieHui
y3.710B 31emenToB JIKA y370B 3iemenToB ITIKA

— Kak B 30He OmQypKalud, Tak ¥ B 30HaxX Ieperunoda, 3a
CUeT pa3HUIEl AaBIeHUS (Y Hapy>KHOTO W BHYTPEHHETO pajH-
yca) BO3HHKAIOT MOTOKH MONEPEIHON IUPKYISAINN, HIMEIOIINe
XapakTep 3aBUXPEHMS; B palioHE Iepern00B HaOIIONAIOTCS
HU3KHE KacaTelbHble HanpspkeHus (puc. 11, 12);

— MaKCHMalbHbIE 3HAUCHHS BEKTOpa IepeMEIIeHUH
Y3JI0B 3JIEMEHTOB JOCTHUTAIOTCSA B paifioHe m3ruba mepemHeit
HUCXOJAIICH BETBU JICBOH KopoHapHOW aprepuu (puc. 13),
a Tak ke Ha BHEIIHEM pajauyce B paifoHe mepernda mpaBoit
aprepuu (puc. 14).
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