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MO/IEJIIOBAHHSA KOPCTKOCTI APTEPII 3 YPAXYBAHHAM 3MIHU ®OPMMU il IEPEPI3Y

OpHIM 3 METOZIB AOCHIMKECHHS (DYHKI[IOHAIBHOTO CTaHy 010JI0TIYHOr0 00'€KTa € IMy/IbCoBa JiarHocTHKa. [lynbcoBa miarHocTHKa
Jla€ 3MOT'y TIPOBOJUTH aHAIII3 B3a€MOJil OpraHi3My 3 HaBKOJIHIIHIM CEPEIOBUIIEM 1 BH3HAYATH HASBHICTH PO3TAIIB i 3aXBOPIOBAHb.
3rifHo 3 KAHOHAMH CXiJHOI JIarHOCTHKY, 3YNTYBAHHS BiIOYBA€THCA 3 TPHOX TOUOK IIITHKU IMPOMEHEBOI aprepii. Jist oriHiOBaHHS
MOKJIMBOCT] B3a€MHOT'O BIUTMBY CHT'HANIB, IO PEECTPYIOTHCS, BKpail BXKIMBUM € OOIPYHTOBaHHUH BUOIp T€OMETPUIHHUX PO3MIpPIB Ja-
BadiB, a TAKOXK OIIHKA JOBXWHH JULTHKY apTepii, mo (opMye CHTHAI Ha BXOJI KOXKHOTO IepeTBopioBada. [lo0ynoBano MaremMaTnd-
HY MOJIJIb KOPCTKOCTI IPOMEHEBOI apTepii 3 ypaxyBaHHSIM 3MiHH (hopmu 11 mepepisy mif Ai€l0 TPaHCMYPaIBHOTO 1 MyJIbCOBOTO THC-
Ky. IpuifrsrTo, mo mix gi€lo cuiii MPUTHUCKAHHS faBada apTepis nedopMyerses i HabyBae enintuanoi Gpopmu. [Ipu npomy BBaxanmy,
110 JIOBXKMHA eJIiTica € PiBHOIO JOBXKUHI KoJa apTepii npu aiactomi. JlocaikeHo 3MiHM MEXaHITHOTO IMIIEJAHCY 3aJIeKHO Bif CTYIe-
H nedopmariii nepepisy. [lokazaHo Takok BIUTHB BEIWYMHH 1 HAIPSIMY CHIIM IPUTUCKAHHS PEECTPATOpa Ha )KOPCTKICTh MPOMEHEBOL
aprepii. HaBeneni pe3ynpTaTs Jal0Th 3MOT'y BU3HAUYUTH IPAHUIHO JOMYCTUMI 3HAYCHHS CUJI IIPUTUCKAHHS JaBava i MOKa3yIoTh, IO Y
pa3i 3HAUHMX CWJI TPHUTHCKAHHS IEPeTBOPIOBAaYa ITOYMHAETHCS Aedopmaris aprepii, i1 BUKOPHCTAHHS MOACII IUIS PO3PaxyHKY
JKOPCTKOCTI apTepii y BUTIISAAI MOMiHOMY APYTOi CTENeH] € HEKOPEKTHUM.

Kniouogi cnoea: MOnENIOBaHHS; IyJILCOBHUI CUTHA; apTepist; )KOPCTKICTb.

MOXXHa OTPUMATH, HAKJIAJAloud JaBady Oe3rmocepesHbo Ha
Micre, e TpOUIyIyeThesl Mmyibcyloda cyauHa (Miljagin,
& Komissarov, n.d.). OcKiIbKM 9aCTOTHHM CHEKTP CUTHAITY

Beryn. OctanHiMH poKaMy B JIarHOCTUYHIN ITPaKTHII
Jie1aji YacTille CTajau 3'IBISTHUCS HOBI METOAU 1 METOIUKH,
MporpaMHoO-anapaTHi KOMIUIEKCH, sIKi 00'€THYIOTH B c00i

11el cXigHOol MEIUIIMHY 1 JOCATHEHHS 3aX1IHUX TEXHOJIOTIH.

OpnHuM 3 HalIaBHINIMX METOIiB BU3HAYCHHS XBOPOOIIH-
BHX CTaHiB € ITyJIbCOBA AIarHOCTHKA. 3 JIarHOCTUYHOIO Me-
TOI0 MOXUINBE OOCTEXEHHS PI3HUX AUITHOK apTepid, aie
HaHOUIBIINI PO3BUTOK MAa€ IyJIbCOBA AIarHOCTHKA Pajiaib-
HUX apTepiil NpoMeHe3am sCTKOBUX CYTJI00iB.

Merto mynbcoBOI IiarHOCTHKHM IIUPOKO YHiBEpCaIb-
HUH, BiH J]a€ 3MOT'Y OLIHUTH OyIb-AKY (pYHKIIIO OpraHi3my,
MIPOTHO3YBATH PO3BUTOK 3aXBOPIOBAHHS y pa3i HEBTpyYaH-
Hs 200 JIIKyBaHHS THM Y 1HIIUM CHOCOOOM.

JlocimimKeHHs MeXaHIYHHX BJIACTUBOCTEH apTepii —
MIPY>XHOCTI, PO3TSDKHOCTI, MEXi MiITHOCTI — Ha0yBae OcTaH-
HIM 4acoM HE TUIbKH TEOPETUYHOTO, ayie i KIiHIKO-IPHK-
JIaTHOTO 3HAYEHHS, OCKUIBKU JIa€ 3MOTY 3I1HCHUTH PaHHIO
JIIarHOCTHKY aTepOCKIepo3y, apTepiaibHOl TilepTeHsii,
ouiHuTH "BigHOCHWH (OioyoriyHmii) Bik" KPOBOHOCHHUX CY-
JIMH, CepEBO-CyJUHHOTO PU3HKY, ITUHAMIKH 3aXBOPIOBaH-
Hs Ta epeKTy JiKapchKol Teparmii.

Buknax ocHoBHoro marepiany. KiiHiuHy omiHKY
€JIACTUYHUX BJIACTMBOCTEH CYJMHHOI CTiHKA HPOBOMSTH
3a3BMYail Ha BEJIMKUX apTepisX eJacTHYHOTrO i M'S30BO-
€JIACTUYHOTO THITy. 30KpeMa, JOCIIKYIOTh CTIHKH aopTH,
3araJbHUX COHHHMX CTETHOBHX i MpOMeHeBHX apTepiit (Gar-
kavi, et al., 2013).

Coirmomerpist — 1ie rpadigyHUi METO TOCIIIKEHHS Me-
XaHIYHUX KOJIMBAaHb apTepiajbHOI CTIHKHM, IO BUHHUKAIOTH
Mg yac INpoxoJpkeHHs mynbcoBoi xBuili. Coirmorpamy

IHpopmauis npo aBTopa:

B I[bOMY BHITaJIKy cTaHoBUTH (0,5-40 I'm), MexaHiyHUA iM-
nefaHc OlOJIOTIYHUX CTPYKTYp BH3HAYAETHCS HPYXKHUMHU
BJIACTMBOCTSIMHM CEPE/IOBHIA I MOXKE XapaKTepPH3yBaTHCS
xoperkictio K. ¥ pob6ori (Storchun, & Klymukh, 2012),
JUIs SIKICHOI OLIIHKH, NPY)KHI BJIACTMBOCTI CTIHKH aprepii
MOJIECIIIOBAJIH KOPCTKicTIo K y BUTIISIIII Takoi 3aIeKHOCTI:
(D
Ie: aj, ap, a; — KoedimienTn noniHoma; F,, — 3HAUYCHHS CH-
7, IO BIATIOBiJa€ AiaCTOJIYHOMY THCKY KpOBi B aprepii
00CTeXyBaHOTO,

- 2
Ka=ay+ay Fj;+a3-Fj,,

Fyq=L-dPy, (2)
ne L, d — nomxwHA AUSHKY Ta giamerp aprepii (Storchun,
& Klymukh, 2012). TTorepenano B poboTax dhopmy niepepi-
3y npOMegeBo'i aprepii BBf:l)KaJII/I HE3MIHHOIO.

Puc. 1. 3mina opmu nepepizy aprepii iz €0 TpaHCMYpPaJIBHOTO i
ITyJTECOBOTO THCKY

V wmiit po6oTi Oyio NpUIHATO, IO Mif Ji€I0 CHIN NpH-
TUCKaHHS JaBadya aprepis nedopmyerscst i HaOyBae emin-
THaHOI (opmu. [Ipn IbOMy BBa)KaH, 110 TOBXKHHA EIIIICa €
piBHOIO JIOBXHHI KoJsia aprepii npu giacromi. Puc. 1 Bigo0-

fIkoBeHKO EBreHisn IropiBHa, KaHA,. TEXH. HaYK, AOLEHT Kabeapu eNeKkTpoHHMX 3acobiB iHpopmaLLiiHO-KOMN'IOTEPHUX TEXHOOTIN.
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pakae erarmu 3MiHM mepepidy aptepii. Crouatky mepepi3
HaOyBae QopmHu erinca, eKCHEHTPUCUTET SKOTO 3aIEKHUTh
BiJl CHJIM TIPUTHCKAHHS peecTpaTopa 10 MOBepxHi Tina. Jla-
JIi TUTOIIA Nepepi3y MOCTYIOBO 301IBIIYETHCS BHACTIIOK il
ITyJIECOBOTO THCKY.

Xapakrepuctuka Ar BigoOpaxae o0'eMHI 3MIiHH pO3Mi-
piB IUITHKM aprepii, a epeTBOPIOBAaY pearye Ha IepeMi-
IIEHHS CTIHKY apTepii B HANPSIMKY /10 TIOBEPXHI Tijla B 30H1
peectpanii. Tomy moTpiOHO BU3HAYUTH €KBiBaJCHTHE IIepe-
MIIIEHHSI CTIHKM apTepii B LbOMY HampsMKy. Y BHIIQIKY
KosoBoi (hopmm mepepizy (puc. 2,a) HepeMilleHHs Pi3HUX
JIIISTHOK CTiHKH apTepii 10 MOBEPXHI Tijla CTAHOBUTH

x=Ar-cosg.

Jisa enintuaHoi hopMU mepeMilieHHs CTIHKY apTepii B
HaNpsIMKY /10 TIOBEPXHI TIa OOYHCIIOETHCS 3 JOIIOMOTOO
IOXI/IHOI B TOULL IIOBEPXHi aptrepii (puc. 2, 6).

x ;

arctg %};— (X=X

Puc. 2. ExBiBasieHTHE IepeMIIIeHHs! CTIHKH apTepil

Ha rpadixy (puc. 3) HaBegeHO pe3yJabTaTH MOPIBHIHHS
TIepeMilIeHHsI CTIHKM apTepii Kpyrioro (CyLilbHa JIiHisS) Ta
SNINITHYHOTO (TOYKH) TIepepi3iB.
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Puc. 3. [lepemimeHHst KOXKHOT TOUKH ITIOBEPXHi apTepii B HAIPSIMKY
IO TIOBEPXHi

0.2

Jamni 31iiCHEHO PO3paxyHKH YKOPCTKOCTI MPOMEHEBOI
aprepii 3rifHO 3 MOAENIIIO, OTPUMAHOI JuIsd KpuBoOi (Savic-
kij, 1974) (puc. 4).

Po3paxyHOK BHKOHAHO sl JUISTHKH apTepii JOBXHUHOIO
5 MM 1 3HaueHHs myabcoBoro Tucky 40 mmHg. Pesynmbratu
MOJICTTIOBAaHHS IPEICTaBICHO Ha pHc. 5. CyIiyibHa JIiHISA Bia-
TIOBiZIa€ BUMAJKY aprepii Kpyriaoro mepepisy, ITpUX-TIyH-
KTUpHA — eJINTHYHOTO Nepepisy 3 ekcuerTpucureroM 0,05.
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Puc. 5. 3anexHicTh JKOPCTKOCTI CYIMHU BiJl TPAHCMYPAJIGHOTO TUCKY

Jam mocmimKeHO BIUTMB BEIWYWHH 1 HANPSIMY CHIIA
MIPUTUCKAHHS PEECTPATOPA HA KOPCTKICTh MMPOMEHEBOI ap-
Tepil. Byno npuiiHsATO, 110 3aJIe)KHO BiJl CHIIA PUTHCKAHHS,
mo 3MiHoeThest B pianazodi (0...3) H excuentpucurer mMo-
ke mpuitMatd 3HadeHHs Big 0,0 mo 0,6. OOumcieHHS
YKOPCTKOCTI TPOBOMMIM ISl BUMANKIB, KO PEECTPATOP
MIPUTHUCKAB apTepito 3Bepxy (puc. 6) i 300Ky (puc. 7).
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Puc. 6. BigHOmIEHHS KOPCTKOCTI €IINTHYHOI Ta KPYTIIOi apTepii 3a
YMOBH BEPTHUKAIILHOT'O TIPUTHCKAHHS PEECTPATOPa

Ha rpacdikax puc. 61 7 HaBeneHO 3aJEXKHICTh BiJHO-
LIEHHS KOPCTKOCTI CY/IMH EININTHYHOI 1 Kpyrioi ¢popmu me-
pepi3y 3aJIeKHO Bil €KCLEHTPHUCHUTETY emirncy. 3 rpadikiB
BHIHO, IO AJIsl 3HaYeHb eKCUeHTpucHurtety Oinbire 0,3 s
BUIIAJIKy BEPTUKAJIBHOTO MpUTHCKaHHA Ta 0,2 1715t TOpU30H-
TAJIBHOTO, IO BiJNOBLAA€ CHIII IPUTUCKAHHS ITEPETBOPIOBA-
4a (2,0-2,5) H XopcTKicTh CyAWH 3MEHIIYETHCS. 3 I[OTO
MOXHa 3pOOMTH BHCHOBOK, IO Y BHIIQJIKy 3HAYHHUX CHII
MIPUTHCKAHHS TEpPEeTBOpIOBaYa IOYMHAETHCS JAedopmaris
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aprepii 1 BUKOPUCTaHHS MOJEII sl PO3PaXyHKY KOPCTKOC-
Ti apTepii y BUTIISAI TOTIHOMY 2 CTETIeHI € HEKOPEKTHHM.
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Puc. 7. BigHOIIEHHS KOPCTKOCTI IMITUYHOI 1 KPYIJIoi apTepii 3a

YMOBH OiHOTO IPUTUCKAHHSI PEECTpaTopa

<

BucnoBkn. OTKe, NpPOBEJECHO AOCIHIKEHHS BIUIMBY
¢dopmu nepepisy npoMeHeBoi aprepii Ha 11 kopcTKicTs. [To-
Ka3aHo, 10 3 MOPIBHIHO MaJIMX 3HA4YEHb CHJIM IIPUTHUCKAH-
HS TIEpPETBOpPIOBaYa Iepepi3 HaOyBae eminTuaHoi (hopMH 3i
3HaueHHsAM ekcueHtpucurery (0,01-0,2). ¥ npomy mianaso-
Hi 3HaYEeHb EKCLEHTPUCHUTETY KOPCTKICTh CYANHH MOCTYIO-
BO 3pocTtae. ITicist mepeBUIIeHHs! CHIIOI0 TPUTHCKAHHS T1EB-

HOTO KPUTUYHOTO 3HAYCHHS, OOUUCIICHE 3Ti/IHO 3 MOJIEIIIIO
3HAYEHHS OPCTKOCTI IOYMHAE PI3KO 3MeHIIyBaTtuch. Lle
CBIIYMTH TPO 3MiHU NPYKHUX BiiacTHBOCTeH aprepii. Tomy
JUISL OTIHCY TIpoliecy (OPMYBaHHS ITyJIbCOBOTO CUTHAITY ITi[|
J€r0 cuiy npuTHCKaHHA Oinbine (2,0-2,5) H 3anexHo Bif
30HM po3poOiieHa B poOOTax MaTeMaTH4YHA MOJENb HE MO-
e OyTH 3aCTOCOBaHA.
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MOJE/IUMPOBAHUE X KECTKOCTHU APTEPUU C YYETOM U3BMEHEHHUA ®OPMbI EE CEYEHUA

OpHIM 13 METOJOB HCCIE0BaHU ()YHKIMOHAIEHOTO COCTOSTHUSL OMOIOTHYECKOTr0 00bEKTa SBISIETCS ITyIbCOBasi IUAarHOCTHKA.
[lynbcoBast IMarHOCTHKA MO3BOJIACT IPOBOAUTD AHAIN3 B3aUMOACUCTBHS OPTaHU3Ma C OKPYKAIOIIEH CPEeOi U ONPENEIATh HAINYNE
paccTpoiicTB u 3aboneBanuii. CornacHO KaHOHaM BOCTOYHOH IMArHOCTHKY, CUMTHIBAHHE MPOMCXOMUT C TPEX TOYEK ydacTKa Jyde-
BOH apTepun s OLICHKU BO3MOXXHOCTH B3aHMHOTO BIIMSIHUS PETHCTPUPYEMBIX CHTHAJIOB KpaifHe BasKHBIM SIBIISIETCS. 0OOCHOBAHHBIH
BEIOOp TEOMETPUIECKHUX Pa3MEpOB JATIMKOB, a TAKKE OLEHKA AIHHBI yIacTKa apTepu, (POPMHUPYIOIIETO CUTHAMI Ha BXOZE KaXKIOTO
npeobpazosarens. [locTpoena MaTemaTudeckast MOJIENb JKECTKOCTH JIydEBOH apTepHUH C YIETOM M3MEHEHUS (DOPMEI €€ CEUEHHS oL
JIEHCTBHEM TPAaHCMYPAIBHOTO U ITyJIECOBOTO AaBieHus. [IpuHITO, 9TO 1Moz AeHCTBHEM CHIIBI IPIKMMA JaTYNKa apTepus AedopMu-
pyetcs 1 mprobpeTaeT umnTHdeckyo popmy. [Ipu 3TOM cunTanock, 4To [UIMHA HIUTHIICA SBIISCTCS PABHOH JUTHHE OKPYXKHOCTH ap-
TepUH IIpu AuacTolne. MccnenoBaHsl M3MEHEHNST MEXaHHIECKOT0 MIMIIEIaHCa B 3aBICHMOCTH OT cTeneHu aedopmarmu cedenus. Ilo-
Ka3aHO TAK)KE€ BJIMSHUC BEIMYUHBI U HAIIPABJICHUS CUJIbL IIPHM>KUMA PETUCTPATOpa Ha JKECTKOCTh TyueBoi apTepuu. [IpuseneHssIe pe-
3YJIBTAaThl IO3BOJIAIOT OMPEACIUTH NPEACIBHO JOIYCTUMbIC 3HAYCHUS CHJ IPYOKATU AaTYMKA U [IOKA3BIBAIOT, YTO B CIy4ae 3HAYH-
TENBHBIX CUJI TIPIDKUMa IpeoOpa3oBaTerst HadMHaeTCs Ae(opManus apTepud, U UCTIONb30BaHUE MOJIEIH JUIS pacdeTa KECTKOCTH ap-
TEPUU B BUJE IOJTMHOMA BTOPOH CTEIICHU SIBISAECTCS. HEKOPPEKTHBIM.

Kniouesnvie cnoga: MOIECTUPOBAHKE; ITyIECOBOE CHTHAII; aPTEPHS; JKECTKOCTb.

E. I Yakovenko
Lviv Polytechnic National University, Lviv, Ukraine

MODELLING OF ARTERY'S STIFFENSS TAKING INTO ACCOUNT CHANGES IN CROSS SECTION

In last time new methods and hardware-software system, which combine eastern medicine traditions and western technologies
are commonly used in diagnostic practice. Pulse diagnostics is one of the ancient methods for disease state identification. For diag-
nostic purposes different kind of arteries zones can be observed, but most popular is pulse diagnostics of wrist joints radial arteries. It
is based on recording of signal from three zones, lied closely along the radial arteries of left and right hands. For the purpose of pulse
diagnostics special kinds of sensing devices are used. Preliminary model with schema included acoustic impedances of artery part,
soft tissues of registration zone and sensing device was proposed. In this model was assumed, that sensor occlusion force distributed
between the model elements and other object structures is constant. Acoustic impedances of artery part and soft tissues were modeled
by elastic component taking into consideration pulse signals spectrum. In this paper, a mathematical model of the radial artery
stiffness taking into account changes in the shape of its cross section under the influence of transmural pressure and pulse was desig-
ned. It was considered that under the sensor pressing force the artery deforms and becomes elliptical. It was assumed that the length
of the ellipse is equal to the artery circumference in diastole. Arterial wall stiffness was simulated by polynomial of second order.
The initial data for the model were diastolic and pulse pressure of patient and artery diameter and length. To find the polynomial co-
efficients the curve showing dependency between the tensile strength and the relative change of artery volume was used. Equivalent
moving of the elliptical arterial wall toward the body surface is obtained using the derivation, calculated at each point of artery surfa-
ce. Influence of the magnitude and direction of sensor pressing force on the stiffness of radial artery was investigated. Stiffness calcu-
lations were performed for artery, pressed by sensor from vertical and lateral side. Results, obtained for vascular with circular and el-
liptical cross section, were compared. Possible range of pressing forces for sensor, registering pulse oscillation, which allows correct
using of a mathematical model of artery stiffness as a polynomial of the second order, was defined.

Keywords: modelling; pulse signal; artery; stiffness.
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