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BMOMEXAHWUYECKOE MOAE/IMPOBAHUE NOBEAEHWUA PA3HbIX TUMNOB
MATOJTIOTMYECKOU U3BUTOCTU BHYTPEHHUX COHHbIX APTEPUN

JIbBOBCKMI HaLMOHaNbHbIN MEQULMHCKMIA YHMBEpCUTET MMeHun Januna Manuvukoro, YkpavHa
O6pasoBaTenbHO-Hay4YHbI MHCTUTYT HAHOCTPYKTYP 1 Bruocmctem
CapatoBcKoro rocyaapCTBeHHoro yHmsepcuteta umenn H.IM. YepHeiwesckoro, Poccus

lMamonozuyeckue uzsumocmu eHympeHHel coHHol apmepuu (I BCA) sensromces 00HOU U3 8aXXKHbIX Mpu-
YUH pas3sumusi UWeMUYeCcKo20 UHCYMbma. Omuosiosus, namoaeHe3 U nposHo3uposaHue rnosedeHus MU
BCA ocmaromcs HeusyqeHHbIMU. [Toamomy 6birio npogedeHO uccriedosaHue KacamersibHbIX U 3¢hghekmus-
HbIX HarpsbkeHul, pacrpedeneHus 2eMoOuHamudeckux cun npu pasHbix eudax NN BCA, a makxe mame-
Mamuy4eckoe MpoeHOo3UposaHuUe noeedeHUs1 pasHbIX Munog ussumocmu. Vicrnonb3oeancs Memood KOHEYHO-
anemMeHmHoz20 aHanusa ANSYS. YmeHbweHue yena nepesuba u cmpemreHue e2o bbimb 6oree ocmpbim
gedem K momMy, 4mo U38UMOCMb CMaHO8UMCS 2eMOOUHaMU4YeCcKU 3Haqyumou, a 06 beMHbIU KPOBOMOK MO-
xem ymeHbwamsbcs Ha 40 % u 6ornee. BosHUKaom 30HbI KOHUEHMpayuu 8bICOKUX KacamesibHbIX HarpsiKe-
Hul, Komopble Mo2ym ocnabumb CMeHKY, @ makxXe CyulecmeeHHbIl epadueHm 0assieHus1 Kposu 8 rnornepe-
YHbIX CEYeHUsIX 8 Mmecmax riepeauba cocyda. [padueHm OasrieHuUsi MOXem oOKa3bleamb 6/lUsiHUe Ha
cKknadblgaHue cocyda — nepexod yana u3sumocmu om myrno2o K 0OCmpoMy — 3801rouuu ussumocmu. Benu-
YuHa epadueHma 0asneHuUs makxe Cyu,ecmeeHHo ygenu4ueaemcsi C yMeHblWeHUeM yana nepeeuba. Takum

obpasom, nposedeHHoe uccredosaHue caudemeribcmayem o0 803MOXHOU 380/1HOUUU U38UMOCMU.
Kntouesble cnosa: natonornyeckas U3BUTOCTb COHHbLIX apTepuii, METO KOHEYHO-3/IEMEHTHOrO aHanmsa, buomexaHvika

naTonorn4eckom N3BUTOCTU

Cocyanctele 3aboneBaHUsi roONoOBHOrO Mo3ra
SABMSAOTCA MMaBHOW NPUYMHON Pa3BUTUS MULeMUYe-
CKOro MHcynbTa. [lokasaHo, YTO MOpaXkeHuUs1 AKCT-
pakpaHuasnbHbIX OTAENOB BHYTPEHHEW COHHOW W
no3BoHo4HoON apTepun B 65-70% cnydaeB npuso-
OST K MWEeMNYECKM HapyLleHVsIM MO3rOBOro Kpo-
BoOOpaLleHns. llaTtonornyeckne M3BUTOCTU BHYT-
PEHHUX COHHbIX apTepui (M BCA) asnstoTca oa-
HAM M3 yacTbix 3aboneBaHun GpaxuouedanbHbIX
COCyHdOB, YyCTynas Mo 4acToTe MOPaKEeHUs NULlb
arepockneposy. M BCA npuBoasT K HapyLleHuto
MO3roBOro KpoBOOOpaLleHUn OT MarnoBbIpaXeHHOM
HEBPOSIOrM4YEeCKO CUMMTOMATMKU BMNSIOTb OO pas-
BUTKS MLIEMUYECKOro MHcynbta [4,10]. Obwas va-
ctota M BCA cpegu B3pocnoro HaceneHusa no
OaHHbIM pe3yrnbTaToB aHrnorpaduyeckux unu na-
TOMOPONOrMYECKUX UCCNeaoBaHuU BapbupyeT oT
10 oo 40% [3,5,14].

ATtnonormna n natoreHes M BCA 0o koHua He
n3yyeHbl. BONBLWIMHCTBO aBTOPOB CUYMUTAIOT, YTO
npoucxoxaeHne M MoxeT MMeTb Kak BPOXOEH-
HbIW, TaK U NpuobpeTeHHbIN XxapakTep. CBuaeTens-
CTBOM BpOXAEHHOro npoucxoxgeHusa M BCA sB-
ngaetca: Hanudve gedopmalmMii COHHOW apTepun B
OEeTCKOM M MOJI04OM BO3pacTe, YacToe ABYCTOPOH-
Hee MopaxeHue, coveTaHue MNOpaXeHUs! COHHbIX
apTepuin ¢ ApyruMn NposiBIIEHUSIMN CUCTEMHON On-
cnnasvm CoeavHUTENBHOW TKaHW — C CUHAPOMOM
MapdaHa, cuHgpomom Onapca-flaHno, koapk-
Taumen aopTbl, runonnasuamu cocygos [3,4,13].
MpuunHamu npuobpeTeHHbIxX M cunTatoT: ocnab-
neHne anacTUYHOro Kapkaca CTEHKW apTepuu, ate-
pocknepo3 BCA, BO3pacTHblE U3MEHEHUS LLEWHOIO
oTAena No3BOHOYHMKA, MTMNEPTOHUYECKY0 BOmnesHb,
caxapHbIn guabet, oxupexue [4,5,10,13].

Mo knaccudukaumm Weibel J. et Fields W.S.
(1965), pononHeHHon MokpoBckum A.B. (1992) [4]
BbIOENSAT TPpM TMNa NaTONOrMYECKON W3BUTOCTU
COHHbIX apTepuin:

I. UsButoctb — wn3rmbel aptepumt C- u S-
obpasHon hopMbl 6€3 0b6pa3oBaHUSA OCTPbIX Yr0OB
N 0OCTOBEPHbIX HAPYLUEHWIA KPOBOTOKA.

M. KuHkuHr (cenTtanbHas W3BMTOCTb) — Mepe-
rMbbl YANMHEHHbLIX apTepuint NoA OCTPbIM  YIIIOM
(aHrynsums) n BcrneacTeme aToro obpasoBaHue ne-
peropofok (cenT) B NpocCBeTE C HapyLUeHWEM KpO-
BOTOKa MO M3MEHEHHOMY COCYAy.

1. KoynuHr — yanvHeHve aptepun B Buae ne-
Tenb U cnupanen.

BOnbLWMHCTBO aBTOPOB CUYUTAKOT, YTO AMIS BPO-
XOEHHbIX AedopmMaumin y geTen xapakTepHbl neT-
neobpasHble pgesmaumm  (koynuur), C- wn S-
o6pasHble N3BUTOCTU, a ANdA NaumMeHToB cTapLue 60
NeT — KUHKUHIW, YONMHEHUs U nepervbbl. Bosmo-
XeH nn nepexod ogHux tunos A B gpyrue, octae-
TCHA HeusydyeHHbIM. PoguHeim KO.B. u coaBsT. (2006)
[6] ¢ nomoLbl0 MeTO4OB MaTemMaTM4YecKoro mMoae-
nupoBaHus Oblna gaHa runoTeTMyeckass oueHKa
pa3BuTUa S-obpa3Hon M3BUTOCTU — NOGON M3rMb
npu onpedeneHHbIX YCNOBUSIX CTPEMUTbCS K
«CXIOMbIBAHMIOY», TO €CTb BO3HWKHOBEHWIO aHryns-
pHoro nepervba. ony4eHHble pe3ynbTaTtbl cnpa-
BEAMBbLI U NS APYrMX TUNOB U3BUTOCTU, NMOCKOb-
Ky OHW, KaKk NpaBumno, coaepxaTt S-o0pasHyto 13Bu-
TOCTb. B TOXE Bpemsi aTa runotesa NOMHOCTbIO He
NoATBEPXKAAeT BO3MOXHOCTb MNEepexoqoB OAHMX
BWLOB U3BMTOCTU B Apyrue un TpebyeT ganbHenwmx
nccrnegoBaHun.

Llenb paboTbl

WccnepoBaHue kKacaTenbHbIX U 3ddEeKTUBHBIX
Hanpsp>KeHUN, pacnpegeneHns reMoanHaMmnyeckux
cun npu pasHbix Bugax M BCA, a Takke matema-
TUYECKOEe MPOrHO3MpPOBaHWE MOBEAEHUS pPasHbIX
TWMNOB U3BUTOCTMW.

O61BLeKT n MmeToabl UccregoBaHUNA
B paHHoM paboTe pelwanucb CBA3aHHblE 3a4a4n
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Teopun ynpyroctu u rugpoavHamuki. MNpu mope-
NMpoBaHMKM Mpegnonaranocb, 4YTO KPOBb aTo
HecXkrMaeMas, O4HOPOAHAas BA3Kast HBIOTOHOBCKAas
XWOKOCTb, TEYEHNE KOTOPOM OMMCbIBaAeTCs CUCTe-
Mon ypasHeHui HaBbe-Ctokca [1,11].

BsaskocTb kpoBu cuntanace pasHon 0.004 lMa-c,
nnotHocTb 1050 kr/m3. B pa6ote [2,7] Gbino noka-
3aHO, YTO HEHbLIOTOHOBCKUWA XapakTep KpoBMW AOri-
KEH Y4YUTbIBATbCS TOSMbKO MPWU pacyeTax MenKux
cocynoB (meHee 0.1 MM B gnameTpe), korga CKopo-
CTU TEYEHWs M KacaTefbHble HanpsKeHus SBMs-
totca ManbiMu. CTeHka cuuTanacb HeCXKumaemown,
N30TPOMHOW, NIMHENHO-YNPYron n ogHopoaHon. Me-
XaHun4yeckue napameTpbl (Mogynb KOHra n koadpdu-
umneHT lMyaccoHa) CTEeHKM U aTepOCKepOTUYECKUX
6nswek 6panuck 13 nutepartypsbl [9,8,12].

YpaBHEHNs OBWXKEHMSI B MEepeMeLleHnax Aans
ynpyroro Tena, ygoBrneTBOpSOLWEro 3akoHy 'yka B
cnyyae wmanblx pgedopmauui, HOCAT HasBaHWe
ypaBHeHun Jlame wunn Hasbe-Ilame. OHu nony-
YalTCH U3 ypaBHEHUN OBMKEHUS CMSIOLHON cpeapbl
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KOMMOHEHTbI BHELLIHMX OOBEMHBIX CWUJ1, KOTOpblE B
JaHHOW paboTe He y4uUTbIBanuch.

Cuctema ypaBHeHul Jlame ans AnMHaMUYECKUX

3aflay CTaHOBUTCH 3aMKHYTOW, ecnu K Hen noba-
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i YpaBHeHus Jla-
Me BbIBEJEHbl Npu YyCroBuMM Manbix gecopmaumin,
HO nepemeLlleHnsi, CKOPOCTU U YCKOPEHUS MOryT
ObITb KOHEYHBbIMU, OPYTMMMK CnoBamu, 6onbLINMMU.

PelueHne ntoroBom cuctembl ypaBHEHWUN, BKMO-
yatollen B cebsi ypaBHEHUS OBWKEHUS U CTEHKM
[2,15] npoBOAMNOCE YUCMEHHO MPU MOMOLLM MeTO-
0a KOHEYHbIX 3MIEMEHTOB B CUCTEME KOHEYHO-
anemeHTHoro aHanusa ANSYS. Kcnonb3oBanacb
asa moayns. lMNMepBbin — ANSYS CFX anga pacueta
TeyeHunst kpoBu 1 BTOpon — Structural (Mechanical)
— Ans pacyeTa HanpshkeHHo-4edopMMpPOBaHHOIO
COCTOSIHUS CTEHOK.

"eomeTpuyeckne mogenun cocynoB CTPOUNUCH B
cucTeMe aBTOMATU3NPOBAHHOIO MPOEKTUPOBAHUS
Solid Works. [ns aToro ncnonb3oBanucb Cnenku
3[00pPOBbIX M MNOpaxeHHbIX cocygoB. Bo Bpewms
ayToncum M3 Ten ymepLuvx BblAENAnUMCb COHHblE
apTepun OT YPOBHS OTXOXAEHMS OT aopThl 4O YpO-
BHA BXOXOEHMS B Yepen. M3 HUX nsrotaBnueanmch
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npu NoACTaHOBKE B HMUX Bblpa)KeHI/IIZ ana KoMnoHe-
HTOB TeH30pa HaI'IpFI)KeHVIVI N KOMIMNOHEHTOB TEH30-
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KOHCTaHTbl Jlame, XapakTepusylolye MexaHuye-

CKMe CBOMNCTBa MaTepuana cpefpbl, 1, (‘9) — nep-
BbIl UHBAPUAHT TEH30pa Marblx gedopmaumi.
YpaBHeHus Jlame nmetoT Bug
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B pekaptoBoi cucteme KoopAMHAT MX MOXHO
3anucaTtb cnegylowum obpasom:
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KOPPO3MOHHbIE MpenapaTbl — CINenku OOLEen COH-
HOW, BHYTPEHHEWN U BHELLHEN COHHbIX apTepun, Ko-
Topble ¢oTorpadmpoBannucb M 06PUCOBLIBANUCD.
Hanee cospgaBanacb mMofenb CTeHkn cocypa. [Npu
MOZENMPOBaHUN Ha BXo4e B OOLLYH COHHYH apTe-
puto 3agaBanu NIMHENHYIO CKOPOCTb MOTOKA KPOBMU,
3aBUCSLLYIO0 OT BpeMeHN. [oCcTpoeHne TpexXmMepHbIX
MoZenen OcCyLLleCTBRANOCL B CUCTEME aBToOMaTu-
3MPOBAHHOIO MPOEKTUPOBAHUS Ha OCHOBE MCXOA-
HbIX YepTexen cocyaoB ¢ nssutoctamu (puc.1).

a 6 B r
Puc. 1. TpexmepHbie modernu bughypkayuu COHHOU apmepuu
C usgumMocmsMU U pas3nu4HbIMU yenamu nepeeuba: a — 30°, 6 —
60 °,6—-90° 2—130".

Ha Bxoge B 06LLyl0 COHHYIO apTepuo 3agaBarn-
(032] MeHFHOIJ.I,MIZCﬂ NOTOK KPOBW B COOTBETCTBUU C
cepaeyHbIM LUMKITOM, Ha BbIXO4ax U3 BHYTPEHHEN n
HapY>KHOW COHHbIX apTepun 3afaBanu Hyneesoe Aa-
BneHue.
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Pe3ynbTathbl MCcCrepoBaHUs
M nx obcyxxaeHume

[ns BO3MOXHOro NPOrHO3MpoBaHUSA nepexoa
OOHOro BuAa M3BMTOCTM B ApYron BHadane Obinu
nccregoBaHbl OO6bEMHbIE KPOBOTOKM MO BETBSAM
COHHOW apTepun - HapyXHOW COHHOW apTepun
(HCA) n BCA. C ymeHblueHnem yrna nepernba cy-
LLIECTBEHHO YMeHbLlaeTCsd OObEeMHbI KPOBOTOK
Yepes NopaxeHHbIN cocyd. OTO CrnpaBeanvBo AN
yrnoe B 130°, 90° wn 60°. [Mpu panbHenwem

yMmeHbLleHun yrna (ot 60 k 30 rpagycam) cyliecT-
BEHHOrO M3MEHEHUS KPOBOTOKa HEe MpOMCXo[

-8.501e+001

-1.471e+002
[Pa]

PasHuua mexay ob6bemMHbIMM KPOBOTOKaMMK MO CO-
cyny ¢ umssutocteto B 130° n 60° coctaBnsieT Ao
40%. lNMpn aTOM KPOBOTOK MO 340POBON BETBU (Ha-
py)KHasi COHHas apTepws) YyBenuynMBaeTcs Mpu
YMeHbLUEHUN yrna nepernba BHYTPEHHEN COHHON
apTtepuun.

Heobxoaumo OTMeTUTb BO3HMKHOBEHME rpa-
OveHTa OJaBrneHusd B MONEepeyYHOM CeyvyeHunu cocyaa
B obnacTtu nepernba. pagneHT gaeneHus obpasy-
eTcs BcneacTeme hopMUpyeMoro M3BMTOCTbIO COO-
TBETCTBYIOLLIErO Npoduns notoka (puc. 2, 3).

-8.4686+001

-1.721e+002

[Pa]

0

Puc. 2. [lasneHue 8 nepezaube Onsi yana 130° (a) u dns yana 90° (6).

-9.337e+001

-2.016e+002
[Pal

a
Puc. 3. JasneHue e nepeeube Onsi yana 60° (a) u ons yena 30° (6).

Hanbonbwnii rpagmneHT [aBneHuss BO3HUKaET
ans mogenewn ¢ yrnamu nepernta B 60° n 30°. Pas-
HALA MEeXOy MakCMMasibHbIMU AaBIIEHUSIMU B cCe-
yeHun nepernba gns yrnos 130° n 30° coctaenseT
no 100%. PasHuua B 100%, T.e. MakcumarbHoe
naeneHve gns usrnba B 30° (puc. 36) pocTuraet
214 Mackanen, a gna yrna 130° (puc.2a) cocTas-
nsiet He 6onee 100 Mackanen. KapTuHa rpagveHTa
Hambonee nokasatenbHa ana yrna B 30°. Ha
BHELIHeWN cTeHke nepernba gaBneHne npuHUMaeT
HambornbLuMe 3Ha4YEHUs, @ HAa BHYTPEHHEN CTEHKe —
HaMMeHbLUMEe oTpuuaTenbHble. Takoe rpagneHTHoe

} -6.500e+001

-1.580e+002

[Pa]

0

pacnpegeneHve gaBneHus B nepermbe Moxet cno-
cobcTBOBaTH TOMY, YTO Yyron nepernba ctpemuTcs K
YMEHbLUEHUO, a nepermd crTaHoBuTcs 6Gonee
BbIPaXXEHHbIM.

Ncxoast u3 BbllecKka3aHHOro, Hamy MnokasaHa
nporHosvpyemas aedopmaums cocyga B obnactu
nepernba npu rpagueHTHOM pacnpefeneHnn aa.-
neHnsi KpoBKu B cedeHun (puc. 4). MNMporHosnpyemas
Aedopmauma cocyga BO3HWMKAeT BCreacTBUE Ha-
nuuns rpagueHTa gaenexdus B nepernbe. Mony4yae-
TCSl, 4TO OaBriEHME KPOBW MbITAeTCs COCYL pacTs-
HYTb B HanpaBfeHUN CTPErnoK, TO eCTb CXaTb €ero,
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coenae yron nepermba 6ornee ocTpbIM.

AHanu3 pacnpegeneHus KacaTerbHbIX Hanps-
XeHui Ha cteHke BCA c N nokasbiBaeT, 4To Kap-
TUHa pacnpegeneHnsl KacaTemnbHbIX HanpskeHun
CcTaHoBMTCA Oonee HepaBHOMEPHOW MNpPU U3MEHe-
HuM yrna wmssutoctn ot 130° go 30°. B cnyuae

n3sutocten 60° n 30°, none kacartenbHbIX Hanps-
XEHUN MMeeT BblpaXeHHble MaKCUMyMbl U MWHU-
MyMbl B 06nactu nepernbos, 4ero He oTMevyaeTcs B
cnyyae 6onee nonororo nepernba B 130° (puc. 5).

Puc. 4. lNpozHo3upyemas deghopmauyusi cocyda.

6

B

Puc. 5. lNone kacamenbHbix HanpskeHut: 130°(a), 90° (6) 60° (8) u 30° (e).

Ha pucyHke 5 B oT4eTnMBO BMAEH MUK KacaTe-
NbHbIX HanpsbKeHW nocrie BTOpPoOro nepernba —
3g4ecb NoTok ObeT B CTEHKY cocyaa. Hambonblune
3HaYeHNs KacaTerbHbIX HanpsiKeHUn obHapyXeHbl
ansa yrna B 30°. Mnk kacaTenbHbIX HanNpsXXeHu Ha
CTeHKe MOXEeT [OOMONHUTENbHO OcnabnsatTb ee U
npMBoaMTb K HeobpaTMMbIM W3MEHEHUSIM B ee
cTpykType. Elle oguH nuk kacaTenbHbIX Hanpske-
HUW BUOEH Ha pUCYHKe 5 B OOHOM M TOM Xe MecTe
— obnacTu genexHunsa notoka Ha ctbike HCA n BCA.

B obnactu nepernboB B kaxgon MoAenu Ha-
OntogalTca HaMMeHbLUME 3HAYeHUs KacaTerbHbIX
Hanps>keHUn — 34eCb MNOTOK CYLLUEeCTBEHHO 3a-

Tom 16, Bunyck 3 (55)

MeLnseTcs, MNOSIBNAKTCA 3aBUXpeHus (obpaTHbie
TOKM KpPOBW) M BO3HMKAET BbICOKAs BEPOSATHOCTb
NOsIBMIEHUIN OTMOXEHUN Ha cTeHke cocyaa. MoxHo
npegnonaraTtb, YTO 3TO MOXET MOBMEeYb 3a CoOon
Tpomb03 cocyna B MecTe nepervba. 3aBUXpeHust
noToka kpoeu B obnactu nepernba BCA Hanbonee
3amMeTHbI Ans Mogenen ¢ yrnamu nepernta B 30 u
60° (puc. 6a, 6). MNMoTok KpoBM ONst M3BUTOCTU C
yrnom 130° He cCOOEpPXUT 3aBUXPEHUN B TEYEHUe
BCEro cepaedvHoro umkna (puc. 6r). B cnyyae yrna
90° HebonbLUME MO NPOTAKEHHOCTU 30HbI OTPLIBHO-
ro TeyeHusi (3aBMXPEHHOCTM) MOryT BO3HMKaTb B
obnacTtu nepernbos (puc. 6B).
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Puc. 6. JluHuu moka 0ns yena 30°, 60°, 90°, 130°.

BbiBoAabI

M3ButocTb ¢ yrmamm 130° MOXHO cuuTaTtb re-
MOAMHaMMYECKN HE3HauYMMOW. YMeEHbLUeHne yrna
nepernba n ctpemrneHne ero 6biTb 6onee ocTpbimM
BefeT K TOMY, Y4TO U3BUTOCTb CTAHOBUTCSA remoam-
HaMW4eCKM 3HAYMMOW, @ OOBEMHbBIA KPOBOTOK MO-
XeT ymeHbliatbc Ha 40% u bonee. BosHukaioT
30Hbl KOHLUEHTpauun BbICOKUX KacaTenbHbIX Ha-
NPsPKEHWUI, KOTOpble MOTryT OCnabuTb CTEHKY, a
TaKKe CyLLEeCTBEHHbIV rPaaneHT JaBreHns KpoBU B
nonepeyHbIX cevyeHusIx B MecTax nepermba cocyaa.
pagueHT gaBneHns MOXeT OKa3biBaTb BNUSHUE HA
CKnagbiBaHMe cocyda — nepexon yrna W3BuToCTU
OT TYMOro K OCTPOMY — 3BOMNOLMU U3BUTOCTU. Be-
NMYUHA rpagueHTa AaBlieHMs Takke CyLleCcTBEHHa
— B ABa pasa 1 bornee yBenuuMBaeTCs C yMeHbLUe-
Huem yrna nepern6a. Takum obpasom, NpoBedeH-
Hoe uccnefoBaHne CBUAETENbCTBYET O BO3MOXHOM
3BONIOLMM  U3BUTOCTM WU pasBuTuio  addekTa
CXIOMbIBaAHMSI.
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BIOMEXAHIYHE MOZEJIFOBAHHSA NMOBELIHKW PISHUX TUMIB MATONOMNYHOI 3BUBUCTOCTI BHYTPILUHIX COHHUX APTEPIV

Kysuk tO.1., Ianos [.B., Jonb O.B.

Knto4oBi crioBa: naTonoriyHa 3BUBMCTICTb COHHUX apTepill, METOA KIHLIEBO-eNEMEHTHOTO aHarnisy, GiomexaHika naTonori4Hol 3BUBUCTOCTI.
MaTonoriyHa 3BMBMUCTICTb BHYTPILWHBLOT coHHOT apTepii (M3 BCA) — ogHa i3 BaXnMBUX NPUYMH PO3BUTKY
iemiyHoro iHcynbTy. ETionoria, natoreHe3 ta nporHo3dyBaHHsi noBediHku M3 BCA 3anuwatoTbca HeEBUBYE-
HUMKU. ToMy Byno npoBefeHe OOCHIIKEHHS OOTUYHUX Ta eDEKTUBHMX Hanpyr, po3noAin remoanHaMiyHnx
cvn npw pisHux Buaax M3 BCA, a Takox MaTeMaTuUdHe NPOrHo3yBaHHS MOBEAiHKM Pi3HUX TUMIB 3BUBUCTOCTI.
BukopucTtoByBaBcs MeToA KiHLEeBO-eneMeHTHoro aHanizy ANSYS. 3MeHLeHHA KyTa neperuHy i npsiMyBaHHs
MOro [0 rocTpiloro Bege A0 TOro, WO 3BMBMUCTICTb CTA€ reMOOMHAMIYHO 3HAYMMO, a 00’€MHUI KPOBOTIK
Moxe 3meHLwyBaTtucsa Ha 40 % Ta Ginbwe. BuHmKaloTb AINSHKM KOHLEHTPaUii BUCOKMX OOTUYHMX Hanpyr, siKi
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AKRTyaABHi IPOOAEMH CyJacCHOI MEAHIIHHH

MOXYTb OCNabuTy CTiHKY, @ TaKOX ICTOTHUI rpajieHT TUCKY KPOBi B NonepeyHnx nepepisax B MicLsx neperu-
HY cyaunHu. 'pagieHT TUCKY MOXe BNMBaTK Ha CKNafdaHHA CyAUHU — nepexig KyTa 3BUBUCTOCTI Bif Tynoro Ao
roCTPOro — eBOsoLii 3BMBUCTOCTI. BenuumHa rpagieHTy TUCKY TaKoX iCTOTHO 36iNnbLUYETbCH i3 3MEHLLEHHAM
KyTa nepernny. Omxe, NnpoBeAeHe OOCNIMKEHHS CBIAYMTb NPO MOXIMBY €BOJHOLiT 3BUBUCTOCTI.

Summary
BIOMECHANICAL MODELING OF DIFFERENT TYPES OF PATHOLOGICAL KINKING OF INTERNAL CAROTIDS
Kuzyk Yu.l., lvanov D.V., Dol A.V.
Key words: kinking of carotids, the finite element method, biomechanics of pathological tortuosity.

Pathological tortuosity of internal carotid artery (PT ICA) is one of common causes of stroke. Etiology,
pathogenesis and prediction of PT ICA remain little known. We studied effective and circumferential stress,
distribution of hemodynamic forces in different types of PT ICA, as well as mathematical forecasting of the
behavior of different types of tortuosity. We used the finite element method ANSYS. Reducing the angle of
inflection, and its moving to more acute leads to the fact that kinking becomes hemodynamically significant,
and the blood flow volume can be reduced by 40% or more. There are areas of high concentration of
circumferential stresses that can weaken the wall, as well as a significant blood pressure gradient in the
cross sections of the vessel in areas of inflection. The pressure gradient can affect the folding of the vessel -
the transition from the obtuse angle to acute one — so called tortuosity evolution. The magnitude of the
pressure gradient also substantially increases with decreasing angle of bend. Thus, this study suggests the
possible tortuosity evolution.

UDC 616.15+616.831-005.1-0929
Makarenko O.M.

EFFECT OF "CEREBRAL” ON HUMAN BLOOD CELLS

Hrihoriy Skovoroda State Pedagogical University of Pereyaslav-Khmelnitskiy

The effect of trophinotropin “Cerebral”, endogenous therapeutic factor, on the properties and shape of hu-
man blood cells was studied. Whole blood and plasma were incubated with “Cerebral”. Incubation with “Cer-
ebral” considerably increased concentration the “Cerebral” increased the concentration of white and red
blood cells, but didn’t have significant difference in vesiculability of cells compared with the control sample.

Cerebral preserved the discocytic shape of erythrocytes comparable to the control.

Introduction

The group of endogenous therapeutic factors,
which are actively secreted by cells of the organism
being in the state of restoration after pathological
process modeling or under recovery/remission have
got the name of trophinotropin (TT) or neurotro-
phinotropic growth factors (NGF) and recently they
are widely involved in pharmacological researches.

Cerebral is the agent, which separated from
nerve cells of the cerebral cortex of pigs, experi-
enced bihemispheric autohemorrhagic stroke. It
contains the complex of low-molecular pharmaco-
logically active peptides (less than 1200 Da) [1].

The study of the properties of biological mem-
branes is necessary in assessment of the effect of
various added substances on cells, tissues, and or-
ganisms.

Extracellular vesicles (EVs) are membrane-
enclosed cell fragments which are shed by cells of
all types into extracellular solution [2,3]. EVs which
are obtained from tissues and body fluids could be
used as a basis of new materials and technologies
in medicine. But the mechanisms of EV'’s formation,
properties, and effects aren’t studied well.

Erythrocytes are a convenient system for study
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of mechanisms and interactions relevant for cell
membrane, because they don’t have cytoskeleton
(aside from the membrane skeleton) so that these
mechanisms and interactions affect the cell shape,
which can be directly observed by optical micro-
scope.

The aim of this work is to sudy in vitro effects of
a “Cerebral” on blood cell membrane nanovesicula-
tion and erythrocyte shape change.

Material and methods

Cerebral and control sample were dissolved in
2 ml of bidistilled water. Blood sampling was per-
formed according to the Helsinki declaration con-
sidering research on humans, the Oviedo conven-
tion on human rights and biomedicine. Blood was
collected from five volunteers with no record of dis-
ease (female, mean age 21 years). Volunteers
fasted at least 12 hours before blood sampling. For
isolation of EVs and for blood cell count, blood was
withdrawn from the medial cubital vein with 21
gauge needle (MULTI Sample Needle, Nipro Cor-
poration, Tokyo, Japan) using 2.7 mL vacutubes
which contained 270 pL of sodium citrate at a con-
centration 0.109 mol/L (Becton Dickinson, New Jer-
sey, USA). We took 2 epruvettes of blood from
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