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The study examines the role of modulated signals in radio engineering
systems and their application for biomedical signal processing. It is shown that
the modulation method significantly affects the signal's spectral characteristics,
its noise robustness, and the efficiency of subsequent analysis. Special attention
is given to linear frequency modulation (LFM) and phase-coded modulation
(PCM), which are widely used in radar, communication, and remote sensing
systems. An approach is proposed for generating and modulating synthetic ECG
signals using LFM and PCM algorithms. This approach enables the study of
cardiac electrophysiological processes using radio engineering signal processing
methods. The obtained results can be applied in the development of telemedicine
systems, portable medical devices, and embedded biomedical signal monitoring
systems.

Tunosa ctpykrypa EKI' ckiagaeThcsi 3 HACTYNMHHMX eJleMEHTIB: P—xBuii,
QRS—xommiekcy Ta T—xBuii, 110 BIAMOBIIAIOTH PI3HUM (azaM Jenosspu3allii Ta
penossapu3aiiii Miokapja. ¥ cy4acHUX CUCTEMaX MEIMYHOI 11arHOCTUKH 00poOKa
EKIT'—curHasniB 3Ha4HOIO MIpOIO IPYHTYETbCS Ha MeTojax HU(poBOi 0OpoOKH
curaiiB. st monemoBanHs EKI'—curnany kokeH 13 3a3Ha4€HHX KOMITOHEHTIB
MOke OyTH MpEACTaBICHUN aHAJITUYHOIO (YHKLIEI, 10 ONucye Qopmy
BIAMOBIAHOT XBWIl. Y 3arajbHOMY BUIIAQJKy CHUTHaJl e€JIEKTPOKapAlorpaMu
PO3MIIAIAETHCS SIK CYMEPIIO3UIIIS IUX CKIIaaoBux [1,2]

ECG(t)=P(z)+QRS(,)+T (7). (1)

ne P(z;) — momens P-xBuii, IO BiANOBifae Jenonspu3aiii nepeacepp;

QRS(7;) — monens QRS-xommiekcy, sKuii XapakTepusye JIemosipH3aLlito
nuTyHOUKiB; T (7;) — Mmomens T-XBWIi, IO ONMUCYE MpOLEC pPEHoIIpU3alii
IUTYHOYKIB.

Jnst  OOCHIIDKEHHS  YacTOTHUX — BJIACTUBOCTEH  €JIEKTpOKapAiorpamu
BUKOPHCTOBYETHCS CIIEKTpAJIbHUIA aHasi3. Hallo11b111 NOMMUPEHUM 1THCTPYMEHTOM
TaKOTO aHaJi3y € AUCKpPETHE nepeTBopeHHs Dyp'e, sike T03BOJISE MPEICTABUTH
CUTHAJI y 4acTOTHIN o6nacti. [Iuckperne meperBopeHHsi Dyp'e BU3HAua€eThCA
BHUpa3oM [1]
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X [k]=3 ECG[n]-e *" . )
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ne ECG[n] — muckpetni Bimmiku curnany EKIT; N — KinbKicTh BijliKis;
k=0,12,..., N—1 — iHAeKC CeKTpaabHOI KOMIIOHECHTH.

[Tponiec popmyBanns JIUM curnany BkJIrodyae HacTyIHi eTanu [1-3]:
— (hopMyBaHHS YaCOBOI OC1, YACOBUIN BEKTOP 3a/1a€ThCS SIK

t=n/f, 3)

ne n=0,1,2,..., N—-1 — xinbkicTh immyibeiB; N =f -T .
— IHTerpyBaHHS curHaixy anst ¢a3oBoi MOIYJALii, (ga3zy MOTYIbOBAHOTO
CUTHAITy OOYHCITIOIOTh Ha OCHOBI HakonmdeHoi cymu EKI'—curnamy

p(t)=a S ECG(t,)-At=a- 1S ECG(t,), @

7€ @ — MacIITaOHUI KOe(ILIEHT MOIYIISLIL.
— (opmyBanus JIUM curnaiy, THIMHUI 4aCTOTHO—MOIYJIbOBAHUN CHUTHAJ
OTPUMYETHCS SIK

s(t)=cos(2-7z- f,-t+p(t)). (5)

[Iponiec dopmyBanus JIUM curnany Ha ocHoBi cuHTeTHyHOTO EKI'—
CUTHAJTy MPEJCTABICHO HAa PUCYHKY 1.

Cwrtesosannil EKM-curnan
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Pucynox 1 — Ipouec popmyBanus JIYM curnamy

3 pucynka 1 BugHO, IO TICIAS MOAYNISIIT CcUTHaM HaOyBae OLIbII
CUHYCOIJaTbHOTO BUIISALY TOpiBHSAHO 3 BuxiguuM EKI['—curnamom. Ile
3yMOBJICHO THM, 110 1H(OpMaIlisi BUX1THOTO CUTHAITY KOIYEThCS Y 3MiHI (Da3u abo
MUTTEBOT YaCTOTH HECYUOTO CUTHAITY.

[Ipouiec hopmyBanHs (ha30KOIOBAHOTO CHUTHATY BKJIIOYAE HACTYIHI €Taru
[4,5]:

— HopmMami3zaiist curHany, curaain EKI npuBoguthes no aianazony [0,1]

ECG(t,)—min(ECG)

ECGun (1) = rax (ECG)—min(ECG) ©)
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— OlHapU3aIlis CUTHAITY, IEPETBOPEHHS HA O1TOBY MOCIIOBHICTh
0, ECG,.(t)<@
(ti ) = . (7)
1, ECG,,(t)=0;

— (pazoBa Moy HECy4Ooi, 61TOBA MOCIIAOBHICTh Kepye (ha30i0 HECYUOTO
CUTHAJY:
s(t;)=cos(2-7-f,-t,+7-b(t)), (8)

ne f, —necyua wacrora, I'm; b(t) — dasosuii 6ir — b(t;)€{0,1}.

[TIporniec dopmyBanHss DKM curnamy Ha ocHoBi cuHTeTHuyHOro EKI'—
CUTHAJy MPEJCTABICHO HA PUCYHKY 2.
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Pucynoxk 2 — Ipouec popmyBanuss ®KM curnany

Haenenuii anroputm no3soisie neperBoputd EKI'—curnan Ha OiHapHy
MOCIIIOBHICTb. J{JIs1 IbOTO CUTHAN MOMEPEAHBO HOPMAITI3YETHCSA, 00 OTpUMAaTU
3HAYEHHS, MPUJIATHI JJIs TOPOroBOi O1HApHU3ALlli.
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