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In last time new methods and hardware-software system, which combine eastern
medicine traditions and wester n 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 modd 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 modding and experimental results of pulse
signal for ming by distal zone of radial artery depending on sensor occlusion for ce wer e presented.

Artery stiffness was defined from the curve showing dependency between the
transmural pressure and the relative change of artery volume. Stiffness evaluation results
wer e approximated by second order polynom relative to for ce 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 consider ation 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 for ce.

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 tensor esistive sensor s joined mechanical sequentially.

Investigations for pulse signals from seven zones accor dingly to easter n medicine canons
were done for 4 patients in age 18-25 years old. Their results showed the adequacy of
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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 O — 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 for ming could not be described by elabor ated model.
Key words: radial artery, stiffness, pulse signal.

HaBegeHo pe3yjibTaTH MOAETIOBAHHSI Ta €KCNEPUMEHTAJBLHUX MOCTIIKEHb TUHAMIKU
(¢opMyBaHHsI NYJIbCOBUX CHUTHANIB AMCTAILHUX BiAaiiB mpoMeHeBHX apTepiil JIOAMHU
3aJ1e5KHO Bill CHJIM MPUTHCKAHHS MEePEeTBOPIOBAYa /10 30H iX peecTpairii.

Kuio4ogi cjioBa: mpoMeHeBa apTepisi, 2KOPCTKICTh, MYJIbCOBUI CUTHAJ.

Beryn

SIk 3a3Hadanocs y pobori [1], MeTom CHHXPOHHOI MYJILCOMETpii TPYHTYETHCS Ha peecTparlii
CUTHAJIIB TPHhOX HIUIBHO PO3TAIllOBAaHMX 30H B3I0BXK MPOMEHEBUX apTepiil (JIiBOi 1 mpaBoi PyKH) JTIOANHH,
JUTSL 4YOT'0 3aCTOCOBYIOTH Bi/IITOBIIHI MPUCTPOI. SIBHIIEC B3a€EMHOI'O BIUIMBY KaHAJIB Yepe3 CIUIbHI eIEMEHTH
KOHCTPYKIIT TAKKX MPHUCTPOIB JOCITIKyBaocs B poborti [2], 1e 6yno oOrpyHTOBaHO CTPYKTYPY, L0 HOro
MiHIMI3YE.

OnHak MITBHICTH PO3TAIlyBaHHS MEPETBOPIOBAYIB CTBOPIOE HEBU3HAUCHICTH B OIIHKAX MOXKIIUBOT'O
B3a€MHOT'0 BIUTMBY CHTHAJIB CYCIJIHIX 30H uepe3 O10JIOTI4HI CTPYKTYpPH OpraHi3My JOJIUHH.

Amnani3z miei npobiemu nependadae MOJIENIOBaHHS Tpoiecy (opMyBaHHS MyJIbCOBHX CHTHANIB

JMCTAIBHUX BIIIUTIB IPOMEHEBHX apTepii Ha MOBEPXHI Tijia JIFOAUHH.

Pe3yabTaTtu 1ocaixkeHb
VY pobori [3] Oymo 3amporoHOBaHO MOJIEh, CXeMa SKOI IMoKa3aHa Ha puc.l, ne Fo— cuma, 1o cTBO-
PIOETBCS MYJIbCOBUMH KOJMBAaHHSIMH THUCKY KpoB1 B aptepii, Zo, Z;, Zq — aKyCTUYHI IMICIAHCH JUISHKA
apTepii, M’ IKMX TKAaHWH 30HH PEECTPAIlii IyJT-COBIX CUTHAJIB Ta MEPBHHHOIO MEPETBOPIOBAYA, BiIIOBIIHO.

VY wmogeni (puc. 1) Oyao NpUAHATO MPHITYIICHHS

. . . IloBepxHs
IIOI0 HE3MIHHOCTI PO3MOAUTY CHIM TNPHTHCKAHHS rina
MepEeTBOPIOBaYa 0 30HU PeeCTpallii MyJIbCOBOr0 CHUT'Ha- Fo(t) 7 , 7
ny Fp Mixk eeMeHTaMu MOJIENi Ta IHIMAMHU CTPYKTypaMH | i d
| | I I

00’ ekta. EkcriepuMeHTaNbHI JOCTIIKEHHS 3aCBIIYHIIN
OUIBIIIOK MIPOIO SIKICHUH XapaKTep OIHUCY, 3a JOIMOMO-

%
2]

Puc. 1. Mooenv 6iomexniunoi cucmemu
peecmpayii nyivcosux cuenanis [ 3]

ANANAVAVAVAVAVA VAN

roro mozeni (puc. 1), auHamiku (GopMyBaHHS KOJIHMBaHb
HA TIOBEpXHI 30H peecTpamii MyJbCOBUX CHUTHAIB.
[Mopanbiimii pO3BUTOK MOJISATAaB y CTPYKTYpHIiil (puc. 2)
Ta (QyHKI[IOHAJBHIN neramizaiii i€l moxeni. Ha puc. 2:
Zy — aKyCTHMYHHUH IMIIEIaHC TKaHWH, SIKI PO3AUIAIOTH
MPOMEHERB] apTepiro 1 KICTKYy. 3HAYCHHS IMITeAaHCIB Z; Ta Zx ICTOTHO BiIPI3HAIOTHLCS, 110 HAJAa€ 00’ EMHUM
MyJIbCOBUM KOJIIMBAHHIM JMCTAIHUX BIUILUTIB MMPOMEHEBUX apTepiii HECUMETPUYHOTO Xapakrepy. Takox
Oyna BpaxoBaHa 3MiHa IUIONII TEPETUHY Ta MPYXKHUX BIACTUBOCTEH CTIHKH apTepiil 3aJIeKHO BiJ CHIIH
MPUTUCKaHHA Fp IepeTBoproBaya /10 TOBEPXHi 30HH PEECTPAIlii CHTHAITY.

Immenancu Zy, Z;, MOIETIOBAINCS PY>KHUMH CKIIQJOBHUMH, 3BXKAIOUX HA YACTOTHHH CIICKTP MYJIb-
COBUX CHUTHAIIIB.

Bxinuuit curnan Fy , sskuit mie Ha BXOJi IepeTBoproBaya (3a METOIOM €IEKTPOMEXaHIuHNUX aHaIOTiH
Ta MpUNyIIeHHs Zy >>7;), CTaHOBHUTH (puc. 2).
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KiKg
KiKg +Ka(Kp+Ky)
ne Ky — ’OpCTKICTh TEpeTBOPIOBaYa, OCKLIBKM 4acTOTa HOro BiIBHHMX KOJMBaHb 3HAYHO MepeBakala
BerHIO FpaHI/IIIIO CHeKTpa HyﬂBCOBI/IX CI/IFHaHiB.

Fy = Ry

IloBepxHs
TLJ1a

Puc. 2. Cmpyxmypa noeoi mooeni 6iomexniunoi cucmemu
peecmpayii nyibco8ux CUSHANIE

XKopcrkicth aprepii K, BU3Ha4ajmacs 3a €KCIECPUMEHTAJIbHUMHU JaHMMHU IIOAO MPYXKHHUX BIIACTH-
BocTel aprepiit (puc. 3) [4].
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Puc. 3. Bionocua 3mina 06’ emy apmepii 3anedxicHo
810 MPAHCMYPATLHO20 MUCKY

i mani nmogaHi y BUTJISII 3aJ€XKHOCTI 3MiHK 00’ eMy aptepii AV (BiIHOCHO MOYaTKOBOTrO 00’ eMy Vo)
BiJl TPAHCMYPAIILHOTO TUCKY P.

3naueHHs K, po3paxoByBaluCs 3a CHIBBiIHOMEHHAMH [1]:

K, :ZmXLx%, D:tii—bl, b, :M, bl:u,
b, Vo Vo
ne Vo, V4, Vs — 00’ eMu IiissHKH apTepii, 1110 BIAMOBIAAIOTH IOYATKOBOMY, A1aCTOIIYHOMY Ta CHCTOIIYHOMY
po3MipaM THCKY KpoOBi B apTepii, BianoBimHo; L — mopxuna aiisaku aprepii; AP = Ps- Py, Ps, Py —
CHCTOJIIUHE Ta JIaCTOJNIiYHE 3HAUYEHHS TUCKY KPOBI1 B apTepii.

Pesynbratn  pospaxyHkiB K,  amnpoKcMMyBajHcs ~ IOJIHOMOM  JIpyroro  TOPSIKY
K,=a +a,F, +a3Fd§,, ne & , &, ag — KoediieHTH moiiHoMa; Fgq — po3Mip CHiH, IO BiAMOBimaE
JiacTOIIYHOrO THCKY KPOBI B aprtepii mist obcrexyBanoro, Fgg = LedePy ; L ,d — moBxkwHa miISHKH Ta
JiaMeTp aprepii.

ExcniepuMenTanbHa mepeBipka HOBOi MOJIeNi BiiOyBaiacs 3a ouiHkaMu K, JUtst Ipyroi 3alIe)KHOCTI 3
MEHIIIO PO3TsDKHICTIO (pHc. 3), MPO 10 cBiquath pe3ynbTatd obumcienns K, (puc. 4), ne rpadik 1
Bianosigae 3anexnocti 1 (puc. 3). ani (puc. 4) Oynu oTpuMaHi sl UITHKH apTepii JOBKUHOK 5 MM Ta
nyiabcoBoro Tucky 40 mmHg.
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Puc. 4. 3anexcuicmo sxcopcmrocmi OLsIHKYU apmepii
810 OIlACMONINHO20 3HAYEHHS MPAHCMYPATILHO20 MUCK)

3ane)KHO Bl CHIIM MPHUTHUCKAHHS TEPETBOPIOBAYa J0 30HM peecTpallii MmyiabcoBOro curHany Fp
3Ha4YCHHS J)KOPCTKOCTI apTepii 3MIHIOBAIOCS TaK:

Ka=ag +a,{Fy 'hFP)+a3>(Fdd'hFP)27

JIe 7] — YacTKa CUJIM IIPUTUCKAHHS NIEPEeTBOPIOBaYa J0 TiIa JIIOAUHY Fp, sKa mpumagae Ha apTepiro Ta M'sKi
TKaHUHU Z; Mozeni (puc. 2).

Buauenus cunu Fo (pric. 2) Bu3Havamocs criBeigHomeHusM Fo = Foy + Foy, 1€ For, Fo2 — ckimamosi,
mepIna 3 SKUX BH3HAYaIacsd 3a YMOBH CHMETPHYHOI BiIHOCHO OCi IMyibcaii aptepii 3a meroaukoro [2], a
Jpyra BpaxoByBaja HECUMETPUYHICTh IIMX MYyJbCallild, 110 BUHUKAE BHACIIIOK CIIBBiIHOMEHHS Zyx >>7;
(puc. 2). Po3mipn nux CKIaJOBHX TaKOX 3ajiexanu Bix Fp:

Fo1:L>(d5(Fdd'th)XPs'dd(Fdd'th)XPd%
c __ Ka(Fg - hFy)Ky(hbFy)
% 2XK,(Fyg - hF,)+4XK;(hbF,)

)dd(Fg - hF,),

ne dd, ds — giamerpu aprepii, BiamoBiaHi 10 miactomiunHoro Py ta crcrosiunoro PS3HaueHb apTepiabHOTO
TUCKY KpOBIi JIOMUHH, L — H0BXHHA JiNSHKU aprepii, mo (HopMye MyIbCOBHI CHUTHAI, 5 — KOCQIIieHT,
KM BU3Ha4ae 3pocTands K (CKimazoBa iMmenancy Z;) 3aexHo Bix 100yTky 7 Fp, 6d — mynbcoBi 3minm
niaMeTpa aprepii.

anexnocti dd(Fyq - hFy), dS(Fyq - hFy) Ta dd(Fyq - hF,) pospaxosysamncs mis xoxo-

ro oOCTE)KYBaHOTO 3JIGKHO BiJl TTOKa3HHKIB apTepialbHOIO THUCKY KpOBI, JiaMmeTpa apTepii, HpyKHOi
XapaKTePUCTUKH apTepii 1 ampOKCUMYBAIHCS TIOTIHOMAMH TPETHOT'O TIOPSKY.

3a pesyiapratamu jgociimkens [2] Oymo mpwuitasto, Ky = Ko + n f Fp , a Kyp HamaBammcs
CEPEAHBOCTATHCTUYHI 3HAUCHHSI TSI BIAMOBIIHUX 30H OOCTEXKEHHS, OTPUMAHUX y IIUTOBaHIlA POOOTI.

IMapamerpu mozeni (puc. 2) # i f — BU3HAYAJIKMCS METOIOM iTepalliif 3a 1BOMa 3HaueHHAMH Fq , 1110
BIJINIOBIIal0Th TIOYaTKOBUM po3MmipaMm Fp , BBakarouu, 110 MiHIMajbHE 3HaYeHHS Fy 3apeecTtpoBaHo 3a
YMOBH BiJICYTHOCTI icTOTHOTO BIUIMBY Fp HA K1 Ta K, .

VY TakoMmy BHIaJKy f; BU3ZHAYAETHCS BUPA30OM

_ Ko E8Fpu XK = Far XKy + Ko~ Far Kq Koy
h prl %Fdl >( Kd + Kal)' I:pul ><KdEI

e Fpul = F01 3a yMmoBH Fp = 0; Fpy, Fq1— MiHIMaNBHI €KCIIEPUMEHTANIbHI 3HAYCHHS CUJIN MPUTHCKAHHS

neperBoproBaua Fp 10 30HU peecTpaliii MyJIbCOBOr0 CHTHAIY Ta BXiTHOI'O CUTHAJy IepeTBopioBava Fq.
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VY mporieci iMiTamiiHOr0 MOIEIIOBAHHS TiaMeTp apTepii 3miHroBaBcs B miamaszoni (1,9 — 3,8) mwm,
KM BU3HAYABCS 32 JIAHMMH BUMIPIOBaHb 1HIIX aBTOPiB. 30KpeMa JUIsl AUCTAIBHUX BITIB TPOMEHEBUX
aprepiii  2,7+0,2 MM [5], a 3a manumu [6]: misa xinok 2,5+0,4 MM Ta dosoBikiB 2,8+0,4 mm. JloBxkuHa
JUISTHKY apTepii L 3MiHIoBaacs, Opi€eHTYIOUMCh Ha OTPHMaH1 eKCIIepUMEHTAIbHI Pe3yIbTaTH BUMIPIOBaHb,
TOOTO JI0 Y3TOILKEHHS PO3PaXOBaHMX Ta KCIIEPUMEHTAIBHUX 3HaUeHb Fy.

ExcriepMeHTanbHi JOCITIHKEHHS TPOBOAMIIMCS 3a JOMOMOIOK MPUCTPOIO 3 MOCTIIOBHO (Mexa-
HIYHO) 3’ €JHAHUMH TIEPETBOPIOBAYAMH TI' €30€JICKTPUIHOTO (IyJIbCOBUiT curHal Fg) Ta TeH30pE3UCTUBHOTO
(cuna mputuckanHs F,) TumiB. UymnuBicTe KamiOpoBaHOTO KaHaly BUMIPIOBAHHS ITIKOBHX 3HA4eHb
y/1bCOBOTO curHamy Fy 3mimioBamacs B miamasomi (142 — 1,37¢10°) B/H, a cumm npuTHCKAHHS
HepeTBoproBaya 10 MOBEpPXHiI 30HM F, craHOBMIA 91,5¢10° B/H. Iloxubka BuMmiproBamHs Fy He
nepeBaxkana * 7%, F,—+ 1,5 %. 3nauennsa Py ta PsBumiproBamics merogom PiBa — Poyui-KoporkoBa.
XopeTkicTh crcTeMH BH3HAYaaacs MKOPCTKICTIO TEH30METPHYHOIO MepeTBoproBaya i cranosmiaa (6700 +
264) H/m, miametp meora I’ €30€IEKTPUIHOTO ITepeTBOproBaya gopisaioas (6 + 0,1) Mm.

Byino oOcTekeHO ciM 30H peecTpallii IyJIbCOBHX CHTHATIB 32 KaHOHAMH CXITHOI MEIMIIMHU
JMCTAJbHUX BIJUIUTIB MPOMEHeBOi apTepii JiBoi pyku (dotupu ocobu y Bii 18 — 25 poki). Orpumani
pe3yabTaTH MPOLTIOCTPOBAHO Ha pHC. 5 (cepenHs 30Ha, “ MoBepXHEBe” PO3TAlyBaHHS MPOMEHEBOI apTepii)
ta puc. 6 (cepemHst 3oHa, “rimboke” po3rairyBaHHs TpoMeHeBoi aprepii). Tepminu “moBepxHeBe” Ta
“rnnboke” po3ranryBaHHS apTepii YMOBHI 1 CBi4aTh TUIBKH NpO MiHiManbHe 3HaueHHS Fp, 3 skoro
royYanacs peecTpallist myJIbCOBOI0 CUTHAITY.

-
0.15 ’
Fd,H /
3 4
\’I
o
0.1 ,' °
’ SRS
2 ’ Pae
N}l,
/
0.05 , 7
S
z 1
Fy. H
0
0 0.5 1

Puc. 5. 3anexcnicmo 6xionoeo cuenany nepemsoprosaua Fy 6io cunu
020 npumuckannsi Fp 00 nosepxui 30nu peecmpayii' nyisco6020 cueHamy
(“ nosepxnese” pozmautysanns npomernesol apmepii)

Ha puc. 5: 3anexnicts 1 BiANOBiga€ TOBKUHI AUTAHKY apTepii 4 MM, 2 — 6 MM, 3 — 12 mMm. Hapeneni
pe3yabTaTH OTPUMAaHI Ui apTepii 3 IpyXHO XapakrepucTukoro 2 (puc. 3) Ta miamerpa aprepii 1,9 mm;
3Ha4YCHHS MMOKa3HUKIB apTepialbHOro TUCKY craHoBWH Py = 80 MMHQ, Ps = 120 mmHg.

Ha puc. 6: 3ayiexxnicTs 1 BiANOBIAa€ TOBKUHI AUIAHKY apTepii 4 MM, 2 — 6 MM, 3 — 12 mMm. Hapeneni
pe3yabTaTH OTPUMaHI TaKOX Ul apTepii 3 MPYKHOK Xapakrepuctukoro 2 (puc.3), ane miamerpa aprepii
2,5 MM; 3HaYCHHS MOKA3HUKIB apTepiaibHOro THCKy ctanoBwim Py = 85 mmMHQ, Ps = 120 mmHQ (iHmmit
00CTeKEHUIN).

208



Fq

2

0.08

0.06

0.04

0.02

0.5 1 1.5 2

Puc. 6. 3anexcnicmo 6xionoeo cuenany nepemsoprosaua Fy 6io cunu
tio2o npumuckanns Fp 00 nosepxui 30nu peecmpayii’ nyisco6020 cueHamy
(“ amubore”  pozmaurysanns npomernesol apmepii)

BimzHauumo, 110 HaKOLIBIII BiAMIHHOCTI CIIOCTEpIraivcs JUIs HaWMEHINUX 3Ha4eHb Fp, 3a skuUMH
BiOyBaacs «mpuB’ si3Ka» MOJIENi 10 KOHKPETHOT'O 00CTEXKYBAHOTO.

BuchHoeku

PesynbTaTi gociiipkeHb MoKa3and MPaKTUYHY BiIMOBIIHICTh PO3paxoBaHUX 3HaueHb Fy Juts pizHOT
JIOBKMHU JIJISTHKH apTepii B 007acTi MalluX 3Ha4eHb Fp, 0 3yMOBJICHO «IIPUB’SI3KOK0» MOJIENI 10 00’ €KTa
camMe B IIbOMY Jiamna3oHi, po30DKHOCTI 3pOoCTaiu i3 30uIblIeHHSAM Fp . BHacmoimok 1b0oro BU3HAYCHHS
JIOBKMHU JIISTHKY apTepii, mo Gopmye MyabCOBUH CUTHAT HA TIOBEPXHI 30HH, TOBUHHO BUKOHYBATHCS 32
OI[IHKaM# 30iry TEOpETHYHHX Ta EKCIEPHUMEHTAIBLHUX Pe3yabTaTiB A iCTOTHO OimbIIMX po3MipiB Fpl y
nepmomy Bunaaky (0.7 — 1.5) H, apyromy (1.5-2) H. V mnepiiomy i apyroMy mNpHKIajax IOBXKHHA
TUISHKH apTepii MeHma Big 13MM (IOBXKHMHA 30HM 3a KAHOHAMH CXiIHOI MeTWIMHH). MOKHA 3pOOHTH
MOTepeIHid BUCHOBOK IIOJ0 BIJICYTHOCTI B3a€EMHOTO BIUIMBY pI3HMX 30H Ha Tpoiec (GopMyBaHHS
MyJIbCOBUX KOJNMBaHb, IPHHAKMHI, B Iiana3oHi 3Ha4eHb Fp B Mexax (0 —2.0) H.

[lpu Oinbmmx 3HaueHHAX Fp moumHaeThes nedopmarris aprepii, MmO 3MiHIOE 1 BIACTUBOCTI 1
BILIMBA€ HA MOUIMPEHHS MYJIbCOBHX XBUJb apTepieto. DopMyBaHHS MyJICOBOTO CUTHATY 32 TAKHX YMOB
MOJIETUTIO HE OIHUCYETHCS.
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