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BIOTEXHIYHA CUCTEMA AHAJII3Y IIYJbCOI'PAM

Cmamms npucesuena po3pooyi 6iomexHiunol cucmemu nyIbCoSpam Ha OCHOGI Gaz08ux nopm-
pemis, w0 TPYHMYEMbCA HA BU3HAYEHHI 83AEMO38 A3KY MIdHC DISHOMAHIMHUMU CMAHAMU CepYeso-
CYOUHHOI cucmemu ma GiONOGIOHUMU XAPAKMEPUCMUKAMU (A3068UX NOPMPEMIE NYIbCOSPAM.

3a pospobaenum ancopummom ananizy nyibcozpam y Gazosii nIowUuHi NPoBOOIMbCs eKCnepu-
MEHMANLHI OOCTIONCEHHsL A NePesipKa pe3yibmamis MoOeniosants 3a oanumu oocmedicenv. I1io-
MBEPOACEHO, WO NPU 3MIHI CIMAHY CepYeso-CYOUHHOI cucmemu 3MIHIOEMbCSL azoeuil nopmpem nyib-
coepamu i, 6i0N0GIOHO, 1020 NOKA3HUKU (NOKASHUKU paxmanvHocmi). B npoyeci diaenocmuxu oyi-
HIOEMbCSL THHOPMAMUBHICMb KPUMEPILB, UHAYAEMbCS, 00 K020 KAACY HYAbCY 8IOHOCUNBCS CUSHAT,
a MaKoxic 3a Munamuy nyIsCy ma ix Kiacu@ikayicro UsHaA4acmvbcsi UMOSIpHICMb miel uu iHuoi namo-
J02ii cepyeso-cyOunHoi cucmemu.

Taxum yuHoOM, 3anPonoHOBanA 8 poOOMI OGIOMEXHIYHA CUCTHEMA AHATIZY NYAbCOSPAM Modice OY-
MUy BUKOPUCAHA K CAMOCMIUHA cucmeMa Ol 6CHMAHOBNEHHA NONepeoHb020 0iazHO3Y, d MAKOiC
MOodHce CLyHCUMU OONOBHEHHAM 00 824ce NONYIAPHUX MemO00i8 0iacHOCMUKY 30 NYIbCOCPAMAMU.

Knwuoei cnosa: biomexuiuna cucmema, nyibcocpama, nyabCoGul CUSHA, (hOMOniemusmozpa-
Ma, cepyego-cyOurHa cucmema.

Beryn. [HTepec 10 BUBUEHHS METOIB Jiar-  I[MX METOJIB IIOB’sS3aHa 3 THUM, III0 BOHHU IHTEp-
HOCTYBaHHS CEpIEBO-CYIMHHOI CHCTEMU 3yMOB-  MPETYIOTh CUTHAIHM B KOOPAMHATaX aMIUTITyIa —
JICHWH THM, 1110 11 MaTOJIOTIi € MEPIIOYePrOBUMHU  Yac, 10 € 3BUYHUM JUIA JIiKaps-aiarHocta. Buko-
YHHHUKAMH CMEPTHOCTI HaceJeHHsS B YChOMY PHUCTaHHS HOBHX METOMIB OOYMCIICHHS XapakTe-
CBITi. 3 METOO BHSBIICHHS MIEPIINX O3HAK XBOPOO  PHCTUK CHCTEMH KpPOBOOOITY OOMEKYEThCS He-
CHCTEMH KPOBOOOITY Ta iX MpOoQiIaKTHKH HEOO-  MOMIJIMBICTIO X KOPEKTHOTO TpakTyBaHHS. Tak,
XiIHO 3a0e3MeYnTH MEAMYHI 3aKiIagu e(pEeKTUB- MOMYJIApHI Ha 3axOdi METOIAM JiarHOCTUKU 3a
HUMH METOJIMKaMH JIarHOCTUKU Ta aBToMaTn3o- Dyp’e-, BeHWBIET-CIIEKTpaMHi HaOyBaIOTh MOIIN-
BaHUMH CHCTEMaMH, 3IaTHUMH aHAT3yBaTH CTaH PEHHs B YKpaiHi JIMIIE B CUCTEMax 3 aBTOMATH-
cepreBo-cynuHHoi cuctemu (CCC) i HamaBaTH  30BaHOIO ITOCTAHOBKOIO JIiarHO3y. ABTOMATH30-
iH(OpMAIlil0 PO HASBHICTH/BIICYTHICTh Ii IUC-  BaHA JIarHOCTUKA CTAHY CEPIIEBO-CYIUHHOI cHC-
¢ynkii. Lle 703BONUTh MPUCKOPUTH MPOEAYPY TEMH 3a aHANI30M MYJbCOBUX KPUBUX Y YaCOBIii
BCTaHOBJICHHSI JliarHO3y, IMiJBUINUTH e(EeKTHB- 001acTi YCKIAJHIOETbCS HACTYIHHMH AacIeKTa-
HICTh MEIMYHOI JIarHOCTUKH, PO3pOOUTH mpodi- MH. B meprry uepry, Ui JOCTOBIpHOTO JliarHOC-
JIAKTUYHI 3aX0/AU JUIsS 3al00IraHHs 3aXBOPIOBaH- THYHOI'O BHCHOBKY HEOOXIIHO OOYHMCIMTH 3HAY-
HSIM KPOBOHOCHOT CHCTEMH. Hy KUIbKicTh mapamerpiB poboru CCC. Ilo-

IMocranoBka mpodaemu. Haiibinbm mo-  apyre, HeOOXiHO BCTAHOBUTH TOYHY MaTeMaTHY-
NyJSIPHUMH B YKpaiHi Ha CBOTOJHI € METOJM JI0-  HY 3aJIeKHICTh IS 1X BiIXHJICHb BiJl HOPMOBa-
cmimpkenns crany CCC 3a enekrpokapaiorpama- HUX 3HAa4YeHb Ha OCHOBI 010(i3MYHUX Mojene
MU, eXOKapJiorpaMaMu, pifiie — 3a peorpaMaMi  KpoBooOiry. 3pemroro, Bce 1e moTpedye cKiiaji-
ta ¢oromrerm3morpamamMu  (Asmar R., Peri- HHX 00YMCITIOBaIbHUX aJrOPUTMIB 1 BIUIMBAE Ha
pep C. A., Ilemni T., bakycoBJI. M, baeBchb- IMIBHUIKICTH ITOCTAHOBKM BHCHOBKY. lleli dakr
kuii P. b., Boponoes B. B., Capunpkuit M. M.,  cTUMYII0€ pO3pO0JCHHS HOBUX METOIB JiarHOC-
Tepexosa JI. I'., Cropuyn IO. €., ®eceuko B. O., Ttuku crany CCC 3 000B’S3KOBOIO pealtizallieio
IBanymkina H. T'., llapnan O. b, Tumuuk I'. C, 3amaui aBTOMaTH3allii BUCHOBKY.
daiinzinebepr JI. C., IlaenoB C.B., 3nen- VY pa3i mepexomy 10 aHai3y MyJIbCOBHX
ko C. M., cepen MOJIOIUX HAYKOBIIB YKpaiHW — KpuBUX y (pa3oBiil mmomuHi [1-6] 3MiHa craHy
Mociiiuyk B. C., Myxuiibka H. B., KojnecHuko-  ceplieBO-CyAMHHOI CHCTEMH OJHO3HAYHO BiIO-
BaT. A, Kosnoscbka T. I. Ta iH.). [TomynsipHicTe  Opa)kaeThCsl PyXOM TOYKH 1, SIK HACHiloK, (op-
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Moto (azoBoi Tpaekropii. Takum umHOM, (azo-
BUi1 mopTper [1-6] sIK CyKymHICTh ()a30BHX Tpa€eK-
TOpifl OJHO3HAYHO XapaKTEpU3ye CTaH JOCHi-
JDKYBaHOI CUCTEMH JIMIIE B JBOX KOOpAWHATAX 1
NpH IIbOMY BimoOpaxkae BCi 3MiHH, MOXIUBI B
cucremi. Ille B poboti H. A. AMocoBa Ta 1oro
KoJier [7] BKka3aHO HA MOKJIMBICTH JOCTIIKECHHS
CKOpOYYBaJIbHOI (YHKIIT Miokapja y (a3oBomy
MPOCTOpi, KOOpJIMHATAMH SKOT'O € aMILTITyJa Ta
MBUAKICTh 3MIHU aMInIiTyad. JliarHocTuuHa
LIHHICTh TaKWUX JOCIIIDKEHb OOYMOBJIEHA THM,
o npu pisHuX ypakeHHAX CCC 3MIHIOEThCS HE
TUIBKM CaM CHMTHAJ, a i HOro MmoxiaHi 3a 4acoMm.

Mera po6oTn. Po3pobiieHHs 6ioTexHIUHOT
cucremu (BTC) aHanmizy mysnbcorpaM Ha OCHOBI
(ha30BHX IMOPTPETIB, MO IPYHTYETHCS HA BU3HA-
YeHHI B3a€MO3B’ 3Ky MK Pi3HOMaHITHHMHU CTa-
Hamu CCC Ta BiINOBIIHUMH XapaKTePUCTUKAMH
(ha30BUX MTOPTPETIB MYILCOrPAM.

OcHoBHa yacTuHA. BpaxoByiloum axty-
QIBHICTh 3aCTOCYBAHHS MYJIBbCOBOI J1arHOCTHKH
SIK OJIHOTO 3 HAWJABHIIIUX JIarHOCTUYHHX IPH-
WOMIB Ta HEOOXIiIHICTh aBTOMAaTHU3allil aiarHoc-

1
| Amapatha |
| YaCTHHA !
1
! o
i Peect- 1 Daiin
1 .
| paumit | JaHMX
1

JIronuua-tnanienT/
JIFOIUHA-1arHOCT

tHaHOro BHCHOBKY mpo cran CCC Ha kadempi
PagiOTeXHIKM, pPajaioeIeKTPOHHUX araparTiB Ta
TenekoMyHikamid JKuToMHUpCchKOro JiepKaBHOTO
TEXHOJIOTTYHOTO YHIBEPCUTETY OYyJi0 PO3po0IeHO
KOMILIEKC — O10TEXHIYHY CUCTEMY aHaJIi3y IyJib-
COTpam.

CTpykTypa aBTOMATH30BaHOI 010TEXHIYHOT
CHCTEMH, IO BKIFOYAE PEECTPALlit0, 00pOOKY, MO-
JICTFOBAaHHSI ITyJIbCOBHX CHUTHAIIB, aHAI3 MYJIbCO-
rpaM y (¢a30Biii IJIOIIMHI Ta BCTAHOBJICHHS BH-
CHOBKY IIPO THII CUTHAITY 1 HassBHICTB/BIICYTHICTb
TcYHKIIT cepleBO-CYyJMHHOI CHUCTeMH 300pa-
»keHa Ha puc. 1 [1-6, 8—11].

Ha ocHOBiI mpoBeneHoro mOpiBHSIBLHOTO
aHaJi3y METOAIB Ta 3aco0iB peecrpailii, 00poo-
JICHHS Ta aHaJli3y mynabcorpam [15], BpaxoByroun
nepesard (GoTorieTU3MorpaiuHOro MeToay Ta
THIy TIEpETBOPIOBAYa, IO MPHU3HAYCHUH I pe-
€CTpallii myJIbCOBOT XBHJII LIUM METOIOM, a TAKOXK
OoOMEXEHHSI, K1 CIIi IToA0IaTH, 0a30BUM O10CHT-
HaJOM JIsl CTBOpeHHs Onoka peecrpanii BTC
00paHO MyJbcorpamy, OTPUMaHy 3a JOMOMOT'O0
3a3HaYCHOT'0 METOIY.

Brnok BimoOpakeHHs
pe3yabTaTy

Expan [IpunTep

biorexHiuna

[To6ynoBa ¢a3zoBoro
MOPTPETY MYJIbCOrPaMH

1. ®inprparis

2. Buainenss max/min
aMILTITYIU TIepio/IiB

3. ®opmyBaHHA
CHUTHAITY i3 TIOBHO-
IIHHUX [1EePiOJIiB

4. Oui"Ka MmoxigHoi

5. ®a3oBi TpaekTopii

AHati3 1larHOCTUYHUX
napamMerpis

1. OOuuciIeHHs IUIOLI]

2. Po3paxyHok
CTYIEHS XaoTH3aIlil

4. Po3paxyHOK Haii-
OLIBII. TiamMeTpa

baza manmux

1. OcHOBHHMX ITOKa3HHU-
KiB (ha30BHX MOPTPETIB

— 2. IlamienTiB

Puc. 1. CTpykTypHa cXeMa aBTOMATH30BaHOI 0I0TeXHIYHOI CHCTeMH aHAJI3Y MYyJIbCOrpam
HA OCHOBI ()a30BUX MOPTPeETIB
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Amnanoroa dactmHa bBTC mymbcorpam — KoX BEAEThCS 3aluc JaHWX y 0asy, 1o Oyne ny-
CKJIAZIAE€THCSI 3 ONTHYHOTO JlaBaya (ceHcopa), M-  Ke 3pYYHHM ISl BEJACHHS CTATHCTHKH Ta icTOpii
cimoBava, moaymsatopa [10], a iHmi OJ0ku Big-  0OCTEKyBaHUX.

HOCATHCA 10 MdpoBoi yacTurwM. IligcuneHi cur-

HaJIM, [0 HaIXOAATh 3 AaT4yuka, yepe3 USB-Bxin L

nepenatotbes Ha 1K 1 y BikHI mporpaMu Bino- @

OpakaeThCs MOMEPEAHBO 00poOIeHul (oTormie-
TH3MOrpadiuHuii CUTHAIL. ! @

Peecrpanisi ¢pororernzmMorpadivHuX CUT-

HAJIB MPOBOAMIACH 32 JIONIOMOTOI0 CXEMH, 30- i
OpaxxeHol Ha puc. 2. i

Jis mepenavi JaHUX BiJl MIKpOKOHTpOJEpa wir| E

MK no nepconansHoro komm rorepa [IK maiimo- e
ninpHinIe BukopucroByBatn USB-BXia, OCKiib- T
KM, TIOPIBHIOIOYHM 13 IMOCIIJOBHHM iHTepdericom
RS-232, npu #oro BHKOpUCTaHHI BHPIIIYETHCS
npobieMa NoAoNaHHsT 00OMEXKEHb Y BUKOPHCTaH-
Hi [IK (RS-232 He BUKOPHCTOBYETHCS B Cydac-

Puc. 2. CTpykTypHa cxeMa anapaTHOI YaCTUHU
CHCTeMHM peecTpauii, 00po0ku
Ta aHAJI3y MyJIbCOBHX XBIJIb 3 ypaxXyBaHHIM
AHTPONIOMETPUYHHUX XaPAKTEPUCTHK JTIOAMHA

HUX HETOYKaXx). (112 - doromatumku; 3 i 4 — mijCHUIIOBAYI;
1100 3yuTyBaTH rpadik MyIbCy, MOKIHBO 5 — mikpokonTponep; 6 — USB-koHTpoep;
MIKTIOUUTH JaTYMK O€3M10CEPEaHbO A0 OCIUIIO- 7 — mepcoHaIbHUI KOMIT'I0TEp)

rpada, mornepeHbO MiJICKIIMBIIA CUT'HAJ, peai-
3yBaTH HEBENUYKY Mojens B makeri MATLAB
JUISL TIO/IaJIBIIIOTO aHalli3y myibcorpaM. Bapro
3BEPHYTH yBary Ha Te, 10 BijgoOpaxceHHs rpadi-
Ka IyJIbCy BiOyBaeTbesi B peanbHOMY Yaci. Ta-

30BHIMHIA BUTTSA  anapaTHO-TIPOrpaM-
HOTI'0 KOMILIEKCY Ta BiKHA 3 MyJbCOrpaMaMH TpH
PI3HUX MATOJIOTISAX 300paXkeHi Ha puc. 3.

a) 6)

Puc. 3. BurJsiag anapaTHo-nporpaMHoro KoMIuiekcy (@) Ta BikHa 3 myjJbcorpamamu (0)

[IporpaMuuii OIIOK CKIIAAA€ThCA i3 YOTH-  CHOBKY NPO JAHWH THIT CUTHATY. 30epexeHHs Ta

PBOX MOJYIIB: BiITBOpEHHsI (pailTiB MOXKJIIMBE AJIsl THITY (paiiiis
1. Monyne 3amucy (OTOILICTH3MOIpaM 3 PO3IIMPEHHSM .txt, .dat, bin).
(pearnizoBaHi MOXKITUBOCTI BUKOHAHHS 30€peiKeH- 2. Monynp monepenHboi oOpoOKM CUTHA-

HS Ta IOJAJBIIOr0 3aBaHTAXCHHS 3allMCaHMX JIB Yy PEOKHMI pealbHOro Yacy (BKIIIOYAE
¢dororieTu3MorpaM 3 MeTO0 OOpOOKH Ta aHalli-  KOMIT IOTEpHY (UIBTPaIlil0 CHTHAITY, 3aHECCHHS
3y y ($a3oBiil TUIOMMHI JJIsi BCTAHOBIICHHS BH-  (OTOIUIETH3MOrpadiuHoi KpUBOI 10 MOIYNS 3a-
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nucy QoromieTusMorpaM abo BigoOpaskeHHS
rpadika x(f) Ha ekpaHi HOyTOyKa 3 METOKO MO-
JTAJBIIIOrO aHAI3Y).

3. Moaynb KOMIT FOTEPHOTO aHATI3Y Tyib-
corpaMm y ¢a3opiii mromuHi. KoM’ rotepHa 00-
poOKa Ta aHalli3 MyJbCOTrpaM CKIAJaThCs 3 Ta-
KHX €TaIliB: BUAUICHHS Max/min CUTHAIY KOXKHO-
r'o OKpeMoro Iukiy (puc. 4, a)); CeICKIIis [UKIIIB,
IO MIUIATaI0Th YCEPEAHCHHIO; OLIHIOBAHHS yce-
pemHeHoro UKy (puc. 4, 0)); IHTepIpeTalis
curHainy y ¢a3oBiil miommHi (puc. 4, ¢)); OIiHIO-
BaHHS YCEPEIHEHOro (ha3oBOr0 MOPTPETY IMyJib-

)

corpam (®IIIT) (puc. 4, 2)); aHani3 3HAYCHb I10-
kasHukiB ®IIl1-eTasiona, MopiBHAHHA 13 0a30r0
nanux (puc. 4, 0)); BiIOOpa>keHHS pPE3yNbTaTy
(BucuoBok mpo cran CCC) (puc. 4, e)).

4. Monynp Bizyaiizaiii IPOMDKHUX 1 KiH-
HEBUX Pe3yNbTaTiB (MPOMIKHI pe3yabTaTH aHalli-
3y TyjibcorpaM 3a iX (asoBUMH TOPTpPETaMH
3’SIBJISIFOTHCSL Yy BIKHAX MPOrpaMH Ha MOHITOPI).
BuCHOBOK-pe3ynbTaT BHBOANTHCS a00 Ha eKpaH
1K, a6o Ha marmip Ta aBTOMaTHYHO 3aHOCHTHCS B
0a3y manux. PesynpraTé oOCTEXEHHs apXiBy-
IOTBCSI 1 BUAAIOTHCS 32 3alTUTOM KOPUCTYBaya.

R R ——
: . . 'R L TP ] 1|
" Ppes e e
=R L
Eas 5
3
= |
T El: ] r - L w -
| E=n - n= i el
0)
i __""-B
- - b - - -
2)

nacia Tak/sl

HIEL LT Langf 111

pOssipAicib

Srpmine e Fse i Turfri
e

Puc. 4. ETann koM’ 1oTepHoi 06po0kHu Ta aHaJi3y nyabscorpam y ¢a3osiii mionmHi

BucHoBok. 3a po3po0iieHUM alToOpuTMOM
aHali3y mynbcorpaM y ¢a3oBiii MIOMIKMHI MPOBO-
IATHCS €KCIIEPUMEHTAIbHI JOCHIDKCHHS Ta IIe-
peBipka pe3ynbTaTiB MOJCIIOBAHHS 32 JaHHUMH
obctexenb. [linTBepukeHo, 1110 pU 3MiHI CTaHy
CCC 3mMinHroeThest (ha30BUi MOPTPET MYyJIbCOTpa-
MU 1, BIIOBIIHO, HOr0 MOKa3HUKH (ITOKa3HUKH
(dpakTanbHOCTI).

VY mnporieci MiarHOCTHKHU OIIHIOETHCS 1H-
(OpMATUBHICTh KpPUTEPiiB, BU3HAYAETHCA, [0
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SKOTO KJIacy MyJbCY BIJHOCHTHCS CHUTHAJ, a Ta-
KO 3a THIIaMH TYJbCY Ta 1X Kiacu(ikaliero Bu-
3HAa4Ya€ThC MMOBIPHICTD Ti€i UM iHINOI MaToNorii
CEplEBO-CYJMHHOI CUCTEMH.

TakuMm YMHOM, 3aIllpONIOHOBaHAa B POOOTI
BTC nynbcorpaMm Moxke OyTH BHUKOPHUCTaHA SIK
caMmocTiifHa cucTeMa JJisl BCTAaHOBJICHHS ITOTIepe-
JTHBOTO JIarHO3y, a TaKOXX MOXKE CIYKHTH JO-
MMOBHEHHSM JI0 BXKE MOMNYJISPHUX METOMIB jiar-
HOCTHKH 3a ITyJbCOTPaMaMHu.
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BIOTECHNICAL SYSTEM FOR PULSOGRAM ANALYSIS

The interest in the study of methods for cardiovascular system diagnosing is conditioned by the
fact that its pathologies are primary factors of population mortality worldwide. In order to detect the
first signs of cardiovascular diseases and prevent them it is necessary to provide medical establish-
ments with effective methods of diagnostics and automated systems, able to analyze the state of car-
diovascular system and provide information on the presence/absence of its disfunction. This will speed
up the diagnosis procedure, improve medical diagnostics, develop preventive measures to prevent dis-
eases of circulatory system.

The article is devoted to the development of biotechnical system for pulsogram analysis based
on determining the relationship between various states of cardiovascular system and respective char-
acteristics of pulsogram phase portraits.

The methods for the study of cardiovascular system by electrocardiograms, echocardiograms,
at least — by rheograms and fotopletyzmograms are the most popular in Ukraine today. The popularity
of these methods is connected with the fact that they interpret signals in amplitude - time coordinates,
which is normal for the doctor-diagnostician. The use of new methods of calculating the characteris-
tics of circulatory system is limited by the inability of their correct interpretation. Thus, popular in the
West diagnostic methods by Fourier-, wavelet-spectra are spreading in Ukraine only in systems with
automated diagnosis. Automated diagnostics of cardiovascular system by the analysis of pulse curves
in time domain is complicated by the following aspects. First of all, for a reliable diagnostic conclu-
sion one must calculate a significant number of parameters of cardiovascular system work. Secondly,
it is necessary to establish exact mathematical relationship for their deviations from normalized val-
ues based on biophysical models of circulation. Finally, all this requires complex computational algo-
rithms and affects the speed of setting conclusions. This fact stimulates the development of new meth-
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ods of diagnostics of cardiovascular system state with obligatory implementation of the task of conclu-
sion automation.

In the case of the analysis of pulse curves in phase plane the change of cardiovascular system
state is clearly reflected by the movement of a point and, consequently, by the form of phase trajectory.
Thus, phase portrait as a set of phase trajectories uniquely characterizes the state of the system in only
two coordinates and reflects all changes which are possible in the system. Already the paper of
N. A. Amosov and his colleagues has indicated the possibility of myocardial contractile function in
phase space with the coordinates of amplitude and amplitude’s rate of change. Diagnostic value of
such research is due to the fact that at various lesions of cardiovascular system not only the signal
itself but also its derivatives over time are changed.

In the paper the structure of automated biotechnical system, including registration, processing,
simulation of pulse signals, pulsogram analysis in phase plane and setting of the conclusion on signal
type and the presence / absence of disfunction of cardiovascular system are considered. Based on
comparative analysis of methods and means of registration, processing and analysis of pulsograms,
taking into account the advantages of fotopletyzmographical method and the type of converter that is
designed to record pulse wave by this method, and limitations that must be overcome, the pulsogram
obtained with the use of this method is the basic biosignal to create BTS registration block.

After developed algorithm of pulsograms analysis in phase plane experimental studies and con-
trol of modeling results according to cardiovascular evaluations are conducted. It is confirmed that
with the change of the state of cardiovascular system, pulsogram phase portrait and, accordingly, its
indices (fractality indices) are changed. During the diagnostics criteria informativeness is evaluated,
it is determined which class pulse signal belongs to, as well as by pulse types and their classification
the probability of either pathology of cardiovascular system is determined.

Thus, proposed in this paper BTS of pulsogram analysis can be used as independent system for
establishing preliminary diagnosis and also can be used as an addition to already popular diagnostic
methods for pulsograms.

Keywords: biotechnical system, pulsogram, pulse signal, fotopletyzmogram, cardiovascular
system.
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