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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 diagnostic 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 work modeling and experimental results of pulse signal forming by distal zone of radial
artery depending on sensor occlusion force were presented.

Artery stiffness was defined from the curve showing dependency between the transmural pressure
and the relative change of artery volume. Stiffness evaluation results were approximated by second order
polynom relative to force conformed to diastolic pressure of patient. Experimental verification of new
model for vessels with small tensibility was carried out. Data were obtained for artery zone length 5 mm
and pulse pressure mmHg. Artery stiffness polynomial model took into consideration fraction of
occlusion force fitted the artery and soft tissues .Initial data for modeling were diastolic and pulse
pressure of patient, artery diameter and length, and coefficient defining the increment of soft tissues
impedance component depending on occlusive force.

All dependencies were evaluated for each patient in dependency of arterial blood pressure, artery
diameter and elastic response. During the simulation study artery diameter was changed in range (1,9 —
3,8) mm in compliance with measuring results obtained by another authors. Length of artery registration
zone was changed until the matching of computation and experimental results. Experiment was done
using the device with piezoelectric and tensoresistive sensors joined mechanical sequentially.
Investigations for pulse signals from seven zones accordingly to eastern medicine canons were done for 4
patients in age 18-25 years old. Their results showed the adequacy of calculated meanings of pulse signal
for different artery zone length in range of small values of occlusion forces. This fact can be explained by
model affixment to the object exactly in this range. It can be suggested, that there is no interference of
different zones during the pulse signal forming, when occlusive forces of sensors have value from range 0
— 2.0 N. In case of higher occlusive force values deformation of artery is starting. Consequences of
deformation are that the elastic properties and pulse wave propagation process are changing. In such
conditions process of pulse signal forming could not be described by elaborated model.
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Y po6oTi npeacTaBiieHO pe3yJIbTATH MOAETIOBAHHSA Ta eKCIePHUMEHTATbHHX J0CTi’KeHb THHAMIKH
(opMmyBaHHSI NMYJbCOBHX CHTHAJIB IMCTAJIBHUX BiAJLTIB NMPOMeHeBHUX apTepiil JIIOAMHM 3aJIe’KHO Bil
CHJIM TPUTHCKAHHA NepeTBOPIOBaYa 10 30H iX peecTpaiii.

KirouoBi cjioBa — mpoMeHeBa apTepisi, ;)KOPCTKICTh, MyJIbCOBU CUTHAJI

Beryn

SIk 3asHayamocs y po6oti [1], MeTox CHMHXpPOHHOI MyJIbCOMETPii TPYHTYETHCSA Ha PEECTpalii CHTHaiB
TPHOX IIUTLHO PO3TAIIOBAHWX 30H B3IIOBXK IPOMEHEBHX apTepiit (JIiBoI 1 IpaBoi pyKW) JIFOJWHH, IS YOTO
3aCTOCOBYIOThH BIITOBITHI TPHUCTPOi. SIBUIE B3a€MHOTO BIUIMBY KaHAJIB Yepe3 CITUIbHI €IEMEHTH KOHCTPYKIIIi
TaKUX MPUCTPOIB JOCIIIHKYBaJIOCS B poOoTi [2], Ae OyJI0 0OrpyHTOBAHO CTPYKTYPY, IO HOTO MiHIMI3YE.

OpmHak, MIUTHHICTH PO3TAlTyBaHHS IIEPETBOPIOBAUIB CTBOPIOE HEBHU3HAUCHICTH B OITIHKaX MOXKJIMBOTO
B3a€EMHOTO BIUIMBY CHUTHAIIIB CYCiTHIX 30H Uepe3 010JI0TiUHI CTPYKTYPH OpraHi3My JIOIUHH.

Amnaniz wmiei npoOnemMu mependadae MOJENIOBAHHS Mpouecy (GOpPMyBaHHS ITyJIbCOBUX CHTHAIIIB
JUCTANBbHUX BiJJITIB TPOMEHEBUX apTepiil Ha MOBEPXHI TiJla JTIOAUHH.

PesyabTaTi gociaigxenn

VY pobori [3] Oyn0 3amporrOHOBAaHO MOJENb, CXeMa sKOi IMoKasaHa Ha puc.l, me Fo - cuia, 1o
CTBOPIOETHCS MYJIbCOBUMH KOJIMBAaHHAMHU THCKY KpOBi B aptepii, Zg, Z;, Zy — aKyCTHYHI IMIIEAAHCH AUISTHKH
aprepii, M IKUX TKAaHUH 30HU PEECTpaLil MMyJIbCOBUX CUTHAIIIB Ta MEPBUHHOTO MEPETBOPIOBAYA, BIANOBIAHO.
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Puc.1. Mooenv 6iomexniunoi cucmemu peecmpayii nynvcosux cuenanis [3].

Y wmopeni (puc.l) Oyno NPUAHATO MPHITYIISHHS MO0 HE3MIHHOCTI PO3MOALTY CHIW MPUTUCKAHHS
MIEPETBOPIOBaYA 10 30HHM PEECTpalii MyJbCOBOrO cHTHay Fp Mk elneMeHTaMu MOJeNi Ta IHIINMH
cTpykTypamu o0'ekta. EkcriepuMeHTanbHi TOCTIKEHHS 3aCBiTUMIN B OLTBIIINA Mipi SIKICHMI XapakTep OIUCY,
3a pomomororo Mogeni (puc.l), nuHaMiku QopMyBaHHS KOJIMBaHb Ha MOBEPXHI 30H peecTpalii MyIbCOBHX
curHaiiB. [loganbimii po3BUTOK MOJISATAB y CTPYKTYPHIiK (puc.2) Ta QyHKIIOHANBHIN AeTamizaii 1aHoi MOJeTTi.
Ha puc.2: Zy - akycTW4Hu# iMmenaHc TKaHHWH, SIKI PO3IUIIOTH MPOMEHEBI apTepiro 1 KiCTKy. 3Ha4eHHS
iMnenanciB Z; Tta Zx CyTTE€BO BiJPi3HSIOTHCS, IO Hagae 00’€MHHMM IIyJIbCOBHM KOJUBAHHSAM JUCTaJIbHUX
BiJILTIB MPOMEHEBUX apTepiii HECUMETPUYHOTO XapakTepy. Takoxk Oyna BpaxoBaHa 3MiHa IUIOLII IEPETHHY Ta
NpPY>KHUX BIACTUBOCTEH CTIHKM apTepill 3aeXHO Bijl CHIIM NpUTHCKaHHS Fp mepeTBoproBayda 10 OBEPXHi 30HH
peecTpatii curHamy.
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Puc.2. Cmpykmypa no6oi moodeni biomexniunoi cucmemu peccmpayii nyibCo8Ux CUSHAIB.



Imnenancu Zg, Z;, MOJENIOBAINCS IPYKHUMHU CKJIAZOBHUMH, 3BKaIOYHM HA YACTOTHHUI CIIEKTP MyJIbCOBHX
CUTHAJIIB.

Bxinnuit curnan Fqy , skuii i€ Ha BXoAi mepeTBOproBaya (3a METOAOM €JEKTPOMEXaHIUHUX aHaNOTil Ta
NPUITYIICHHS Zy >>Z;), CTAHOBUTH (pHC.2)

) K,Kg
KKy +Ka(Ky+Ky) .

ne Ky — KOPCTKICTh IEPeTBOPIOBAaYa, OCKIIBKH YacTOTa HOT0 BUTLHUX KOJWBAaHb 3HAYHO TMEpEBaXkayia BEPXHIO
TPaHUITIO CIIEKTPY ITyJIbCOBUX CUTHAIIB.

JKopcTtkicts aprepii K, BU3HAYaIacs 3a €KCIIEPUMEHTATFHUMHI AHUMH MO0 MPYXKHUX BIACTHBOCTEH
aprepiit (puc.3) [4].

0.8 —
AV/VO . <1
0.6 . 5
y 1
0.4 y
0.2
P, MmmHg
0
0 50 100 150

Puc.3. Bionocna amina 06’emy apmepii 3a71ex#CHO 810 MPAHCMYPATLHO2O MUCK)Y .

i mani npexacTaBieHi y BUIIIALI 3a7I€KHOCTI 3MiHH 00°eMy aprepii 4V (BiITHOCHO MOYaTKOBOTO 00’ €My
V() Bix TpaHCMypanbHOTO THCKY P.
3HaueHHs K, po3paxoByBaucs 3a CIiBBIIHONICHHAMHU [1]:

Ka ZZ'R'L'A_Py D= bz_bl! bz =VS _VO y blz\/d _VO )
D 110, v, A

ne Vo, V4, Vs — 06’emu IinstHKY apTepii, 10 BiAMOBIIAIOTh MOYATKOBOMY, AiaCTOTIYHOMY Ta CHCTOIIYHOMY
po3MipaM TUCKY KpOBi B apTepii, BianoBiaHo; L - noBxuna ainsaku aprepii; AP = Ps- Py, P, Py — cuctoniune
Ta JiaCTOJIIYHE 3HAUYEHHS THCKY KPOBi B apTepii.
. . 2
PesynbraTi pospaxyHkiB K, anpokcuMyBaimcs moiiHomoM apyroro nopsaky K, = a, +a,F, +a;Fy,

Ie a; , ap, az - koedimienTn mnogiHOMA, Fyy — po3mip cuiy, 110 BiANOBIZAE IiaCTONIYHOTO THCKY KpPOBi B
aprepii 1yis obcrexysanoro, Fgg = Led*Py; L ,d — moBkuHa AiIsIHKH Ta IiaMeTp apTepii.

. EkcriepuMenTanbHa mepeBipka HOBOI Mojeni BinOyBasacs 3a omiHkamu K, Ui Ipyroi 3ajesKHOCTI 3
MEHILOIO0 PO3TSHKHICTIO (puc.3), Mpo 1m0 cBiaYaTh pe3ynbraTa oduucnenns K, (puc.4), ne rpadix 1 Biamosigae
3anexxHocTi 1 (puc.3). lani (puc.4) Oymu oTprMaHi IS UBTHKA apTepii TOBXKUHOIO 5 MM Ta MYyJILCOBOTO THCKY
40 mmHg.
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Puc.4. 3anescnicmo srcopcmrocmi insinku apmepii 6i0 0iacmoniyHo20 3HA4eHHs MPAHCMYPATbHO20 MUCKY.

3ajekKHo Bi}_'[ CUJIN NPUTHUCKAHHSA IICPETBOPIOBada 10 30HU peeCTpauii' IMyJIbCOBOTO CUTHATY Fp 3HAYCHHA
)KOpCTKOCTi apTepi'l' 3MIHIOBAJIOCS HAaCTYITHUM YUHOM

Ka=a;+3, (Fyg —mFp ) +a5-(Fyg —17Fp )2,

Jle # — JacTKa CHJIM NPHUTHCKAHHS IEpEeTBOPIOBaYa N0 Tijia JIIOAWHU Fp, sika mpuImamae Ha apTepiro Ta M'SKi
TKaHWUHHU Z; Mojeni (puc.2).

3navenns cuam Fq (puc.2) BusHaganocs cruiBBimHOmeHHsIM Fo = For + Foy , me Foi , Fo, — ckanosi,
mepiia 3 SIKUX BU3HAYaIacs 3a YMOBH CHMETPUYHOI BiJIHOCHO OCI IyJnbcallii aprepii 3a MeToankoro [2], a apyra
BpaxoByBajla HECHMETPUYHICTh IHX ITyJIbCAIiM, 10 BUHUKAE BHACIHIIOK CHiBBiAHOMEHHS Zyx >>Z; (puc.2).
Po3mipu mux CKIag0BHX TaKOX 3ayexkany Big Fp !

Fop =L-(ds(Fgq —nF,)-Ps—dd(Fyq —nF,)-Fy ),

_ Ka( I:dd _an)'Kl(nﬂFp)
2 2-Kq(Fgg —1Fy ) +4-Ky(7BF,)

5d(Fog —17Fp).

ne dd, ds — miamerpu aprepii BigmoBimHi mo miacrosiiunoro Py Ta cucromiynoro PS 3HaueHs apTepiaabHOIO
THCKY KpOBI JonuHu, L - moBkwHA AULTHKA apTepii, mo ¢GopMye MyJIbCOBHM CUTHAI, f§ — KOCMIIIEHT, SKHIA
Bu3Hauae 3pocranns K (CkimamoBa iMnemancy Z) 3aiexHo Bif 100yTky #¢ Fp , 0d — mynbcoBi 3minm aiamerpa
apTepii.

Banexnocri dd(Fyq —nF,), ds(Fyy —n7F,) ta 6d(Fyy —nF,) pospaxosysamucs jns koxmHoro

00CTEeXKYBAaHOTO 3aJI)KHO BiJ] TOKa3HHWKIB apTepiajJbHOTO THUCKY KpoOBi, Jiamerpa aptepii, NIpyXHOI
XapaKTEPUCTHKH apTepii 1 apOKCUMYBAJINCS MTOJIIHOMaMHU TPETHOTO TTOPSIIIKY.

3a pesyapratamm gociimkenb [2] 6ymo mpmiimsto, Ky = Ky + # f Fp , a Kjy HamaBammcs
CepPEIHPOCTATUCTHIHI 3HAUCHHSI JIJIS BIITOBIAHIX 30H 00CTEKEHHS, OTPUMaHUX Y IIUTOBaHIA poOOTI.

[MapameTpu momeni (puc.2) # i f — BU3Ha4amKca METOAOM iTepauiid 3a JBOMa 3HaueHHAMHU Fg , 1m0
BiJINIOBI/Ial0Th TIOYaTKOBUM po3MipaMm Fp , BBakarouu, o MiHiMallbHE 3HaueHHs Fy 3apeecTpoBaHo 32 yMOBHU
BIJICYTHOCTI CyTT€BOTO BIUMBY Fp Ha K Ta K, .

VY Takomy BUMAIKY f§ BUBHAYAETHCS BUPA3OM

_ KlO'I:FpuI'Kd —Fa1-(Kq +Ka1):|_Fd1'Kd Kat
U'Fpl'[Fdl'(Kd +Ka1)_FpuI'Kd]

B



ne F Foi3a ymoBu Fp = 0; Fp; , Fg 1 — MiHIMaJIbHI eKCIIEpUMCHTAIbHI 3HAYCHHS CHJIM NPUTHCKAHHS

pul =
nepeTBoproBaya F p 10 30HU peecTparii myJCOBOro CUTHAIY Ta BXiIHOTO CUTHay IiepeTBopioBaya Fg .

VY mporieci iMiTaIiifHOro MOIEIOBaHHS AiaMeTp apTepii 3MiHoBaBcs B miamasoni (1,9 — 3,8) mwm, skwuii
BU3HAYABCS 3a JaHUMH BUMIPIOBaHb 1HIIMX aBTOPiB. 30KpeMa, Uil IUCTaIbHUX BiAJUTIB MPOMEHEBUX apTepiid
2,7+0,2 mm [5], a 3a manumu [6]: s xisok 2,5+0,4 MM Ta gosoBikiB 2,8+0,4 MM. JloBKKHA JIISHKE apTepii L
3MiHIOBAJIACS, OPIEHTYIOUYHCHh HA OTPUMAaH1 €KCIIEPUMEHTAIbHI Pe3yJIbTaTH BUMIPIOBaHb, TOOTO J0 y3TOKCHHS
PO3paxOBaHUX Ta EKCIICPUMECHTAIBHIX 3HAYCHB F .

ExkcriepuMeHTanbHI TOCITIIPKEHHST MTPOBOAMINCS 32 JOMOMOTOI0 MPHUCTPOI0 3 TMOCTIAOBHO (MEXaHIYHO)
3’€THAaHUMHU TIEPETBOPIOBAYaMH I1°€30€JICKTPUIHOTO (TyIhCcOBUM curHaI F¢) Ta TeH30pe3ucTuBHOTO (CHita
nputuckanHsa F,) tumis. YyTauBicTh KamiOpoBaHOrO KaHaly BHMMIDIOBAaHHS ITIKOBHX 3HAa4€Hb ITyJIbCOBOIO
curnany Fy 3miHroBanacs B miamasoni (142 — 1,37+10%) B/H, a cuili NpUTHCKAHHS MEpPETBOPIOBAYA 10 MOBEPXHI
30nH F,, cranoBuna 91,5¢10° B/H. [Toxu6ka BUMiproBaHHs Fy He nepesaxkana = 7%, F,—+ 1,5%. 3nauenns Py
ta P, BumiptoBanucs meronom PiBa — Pouui - KoporkoBa. JKopcTkicTe cucTeMu BH3HAYanacs »KOPCTKICTIO
TEH30METPUYHOIO IMepeTBoproBaua i cranoBmia (6700 = 264) H/m, giamerp menora I’ €30€IEKTPHUUHOTO
mepeTBOproBaya gopisHioBas (6  0,1) Mm.

Byno oGctexeno cim 30H peecTpalii MyJIbCOBUX CUTHANIB 32 KAHOHAMH CXiJTHOT MEIWIMHU JUCTATbHUX
BiIIiTiB mpoMeHeBoi aprepii miBoi pykm (4 ocobm y Bimi (18 — 25) pokiB). OrpuMani pe3yabTaTH
NPOUTIOCTPOBaHO Ha pHUC.5 (cepenHsl 30HA, «IIOBEPXHEBE» PpO3TALIyBaHHSI MPOMEHEBOi aprepii) Ta puc.6
(cepennst 30Ha, «riIMOOKE» pO3TallyBaHHS IMPOMEHEBOI apTepii). TepMiHH «IOBEpXHEBE» Ta  «TIIHOOKE»
poO3TalllyBaHHs apTepil YMOBHI 1 CBiYaTh TIJIBKU MPO MiHIMallbHE 3HaYeHHS Fp, 3 SIKOTrO mouanacs peectparis
MYJIbCOBOT'O CHTHATY.
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Puc.5. 3anexcnicmp 6xionozo cuznany nepemsopiosaua Fqy 6io cunu tiozo npumuckanna F p 0o noeepxni 3onu peecmpayii
nyabcosoeo cuenany («nogepxHesey po3mauly8anHs NPoMeHesoi apmepii).

Ha puc.5: 3anexuicts 1 BiAmnoBigae AOBXKHUHI TUISHKH aprepii 4 MM, 2 — 6 MM, 3 — 12 mm. HaBeneni
pe3yNbTaTH OTPUMaHIi I apTepii 3 MPYKHOIO XapaKTepucTuko 2 (puc.3) Ta miamerpa aptepii 1,9 Mm; 3HAUCHHS
MOKA3HUKIB apTepianbHOro TUCKy craHoBuin Py = 80 mmHg, Ps = 120 mMHg.

Ha puc.6 : 3anexxHicTs 1 BianoOBigae TOBKHHI JUISHKH apTepii 4 MM, 2 — 6 MM, 3 — 12 mwm. [IpeacraBnenHi
pe3yNbTaTH OTPUMAaHI TaKOX JJIS apTepii 3 MPYKHOIO XapakTepucTuko 2 (puc.3), ane miaMmerpa apTepii 2,5 MM;
3HAYEHHS MMOKa3HUKIB apTepiaabHOro TUCKY cTaHoBuin Py = 85 mMHg, P = 120 mmH(Q (iHmmuit o0cTexeHMI).
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Puc.6. 3anesxcnicmo 6xionozo cuenany nepemeopiosaua Fy 6io cunu iiozo npumuckanns F p 0o nosepxni sonu peccmpayii
nybeosoeo cuenany («enubokey posmautyeanHs npomenesol apmepii).

Cuig Big3HAYMTH, 110 HAHOUIBIN BiAMIHHOCTI CHIOCTEpIrajucs i HalMEeHIMX 3HaueHb Fp , 3a skuMu
BimOyBaacs «IIpuB’si3Ka» MOJEII J0 KOHKPETHOTO 00CTEKyBaHOTO.

BucHoBknu

Pesynpratn mocnmimpkeHs MOKa3add MpPakTHYHY BiANOBIAHICTH PO3paxOBaHUX 3HaueHb Fgq ans pisHOl
JIOBXKUHU JUISTHKHY apTepii B 00J1aCTi MaJIuX 3HAYCHb F p, 1110 3yMOBJICHO «IIPHB’I3KOI0» MOCII IO 00’ €KTa came
B IIbOMY Jdiamna30Hi, PO3XOKEHHS 3pOCTaNy i3 30umbmieHHIM Fp . BHaAcmigok mporo, BU3HAYCHHS IOBKHHU
JOUTAHKY apTepii, 1o GopMye MynbcOBHI CUTHAN HAa TIOBEPXHi 30HH, TOBUHHO BUKOHYBATHUCS 32 OLIIHKaMH 30iry
TEOPETUYHUX Ta CKCIIEPUMEHTAIBHUX PE3yJbTaTiB AJsl CYTTEBO OUIBIIMX po3MmipiB Fp! y mepmomy Bumagky
(0.7 = 1.5) H, agpyromy (1.5 - 2) H. V neprromy i apyromy HpUKIaai JOBKUHA MIISHKH aprepii MeHrma 13mm
(moBXkMHA 30HW 3a KAHOHAMH CXiJHOI MenuIuHN). MoxHa 3poOHUTH ToNepeIHii BUCHOBOK IOJI0 BiJICYTHOCTI
B3a€MHOTO BIUTMBY Pi3HHX 30H Ha MpoLec (OpMyBaHHS MyJIbCOBHX KOJUBaHb, IPUHANMHI, B lialia3oHi 3Ha4YCHb
F» B Mexax (0 — 2.0) H.

IIpu Ginpiux 3HaueHHsIX Fp mounHaeTbes nedopMaltiss apTepii, 110 3MIHIOE ii BIACTHBOCTI 1 BIUIMBA€E Ha
NOUIMPEHHS MyJILCOBUX XBWJIb apTepiero. DopMyBaHHS IyJbCOBOTO CHTHANy 3a TaKUX YMOB MOJEIUIIO HE
OTIHCYETHCA.
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