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1. O6'exT mOCTiIKeHHs ~HeCTallioHAPHI OAHOMIPHI IIpoiiecu B 6ioMeguYHUX crucTemMax. MeTa JoCimKeHHs -
PO3po06Ka afarTUBHUX METOMIB HeJiHINHOI CTilikoi dinbTpalii 6ioMeIMYHUX CUrHaJiB, BUCOKOEe(EKTUBHUX B
CKJIaJHAX YMOBAaX BIJIUBY aJUTMBHOIO HECTALliOHAPHOTO i aAUTUBHOTO Ta MYJIbTUILIIKATUBHOTO LIYMiB 3 HEBiJOMOIO
IyCIepciero Ta HasIBHICTIO BUKU/IIB i METO/IiB HeJliHiHOI CTilKOI (pinbTpauii 17151 yCyHEHHS pyXOBUX apTe(akKTiB 3
HEBiJOMUMH BJIACTUBOCTSIMU. MeTOIU IOCIiIKEeHHS: TeOPis HEeNiHIMHUX CTiIMKUX OLIiHOK, T€OPis MIMOBIPHOCTI Ta
MaTeMaTu4Ha CTaTUCTUKA, MeTOAU HeJliHiiHOi cTifikoi dinbTparii, MeTon MonTe-Kapso, imiTaliliHe MoAeiOBaHHS.
TeopeTuyHi Ta MPaKTUYHi pe3yJIbTaTU JOCIiIKEHHS: PO3PO0JIEHI METOAM JIOKAJIbHO-aJANITUBHOI CTIMKOi (PinbTparli
17151 06POOKY OJIHOBUMIPHUX CUTHAJIIB i3 3a37a71erinp HEBiIOMUM i DiI3HUM XapaKTepOM CHUTHAJY O3BOJINIIN
NiABUIIMTY €(PEeKTUBHICTb B yMOBaX aIUTUBHOI HECTAlLliOHAPHOTO, JUTUBHOTO Ta MYJIbTUIIJIIKATUBHOIO IIYMiB i
MaJloi IMOBIPHOCTI BUKHMJiB, CYTTEBO MOJIMNIINUTHA TOYHICTh BUMiIPIOBaHHSI TPUKYTHOTO i 1apaboJiyHOTro
€KCTPEMYMiB, 326€311eYUTU BUCOKY sIKiCTb QinbTpauii EKT'; 3arrponoHoBanuil MeToz, i po3po6yieHni ajalTUBHUMA

BEKTOPHUII HeJiHIHUI PiIbTP [03BOINIIN BUIATIUTH HU3bKOAMILIITYJHUX apTedakTy 6e3 iCTOTHMX CIIOTBOPEHb



iH(OPMATUBHOIO KOMIIOHEHTH, IPUAYIIUTH LIyM, 30€pErTy IOOAUHOKI 3MiHM B CUTHAJaX, [OB'I3aHUX 3
noBTopioBaHuMU nofismu (uukay EKT, BUKIMKaHI IOTeHLiann MO3KY), IO L03BOJIMJIO MOJIIIIUTH SIKICTh CUTHAITY
L7151 aHasi3y, posIli3HaBaHH4 Ta kiacugikauii. Haykosa HOBU3Ha - BIEpIle 3alIpOIIOHOBAHO METO], YCYHEHHS
HU3bKOAMILTITYIHUX apTe(aKTiB B OJHOKaHaIbHOMY curHaii EKT', sKuil I'pyHTY€eTbCS Ha MPUHLNII BEKTOPHO]
HeJliHilHOI (pinbTpalii, o 703BOINI0 aBTOMAaTUYHO B peajbHOMY 4aci ycyBaTy apTedakTH, He BpaXOBYIOUU
iHdopmauii npo ix BJIaCTUBOCTI; OTPMMaB NIOAAJIBIINI PO3BUTOK METO], BEKTOPHOI HeJliHiliHOI dinbTpalii, B sKomy,
Ha Bi]MiHY BiJl iCHYIOUUX, IIPY BU3HAYEHHI PE3yJIbTYI04OIO BEKTOPA 3aCTOCOBYETHCS NTapaMeTp aganTarii -
CTaTUCTUYHUI KPUTEPil NepeBiPKU CYMHIBHUX BapiaHT, IO JO3BOJIMJIO B Pa3i HABHOCTI Y BUOIPLIi CUTHAJIB 3
apTedakTaMy BUKOHYBATU yCiu€He yCepelHEHHs, 10 Ja€ MOXKJIMBICTb BUKJIIOUMTH BILJIMB apTedakTy Ha
PEe3yJIbTYIOUNIA CUTHAJI, BMEHIIUTH IIYM i 30€pErT MOOJMHOKI 3MiHM B CUTHAJIAX, [TOB'I3aHUX 3 IOBTOPIOBAHUMU
[OJiSIMU; OTPUMAB NOJAJIbIIAY PO3BUTOK METOJ, JIOKAJIbHO-aJAITUBHOI CTiliKOi (inbTpallii 3 >KOpCTKUM"
IIEPEMUKAHHSIM NIaPaMEeTPiB Y YaCTUHI BUKOPUCTAHHS HEJIHINHUX TiOpUAHUX (PiIbTPIB 3 €KCTPANOIIOI0YMMUI
cybanepTypaMu B SIKOCTi KOMIIOHEHT, 1110, Ha BiMiHY Bifi iCHYIOUMX, JO3BOJIMJIO TOKPAIIATH JIOKaJbHI 1 iHTerpasbHi
IIOKa3HUKY €(EKTUBHOCTI B yMOBAX aIUTUBHOIO HECTALIiIOHAPHOTO ¥ aJUTUBHOIO Ta MYJIbTUILJIIKATUBHOTO IIYMIB i
MaJloi IMOBIpPHOCTI BUKUZB i 320€3[1€4NTH BUCOKY SIKiCTb 06p0o6ku EKI'; oTpuMainy noganbmnil pO3BUTOK MOZEI
HeJIiHIAHYX CTIKUX (PiNbTPIB B YaCTUHI OOIPYHTYBaHHS iX BJIaCTUBOCTEH, 5IKi, Ha BiTMIiHY Bif icHyl04MX, JAIOTh
MOXJIMBICTb J7151 JAHOi CUTHAJIBHO-3aBa/loBOI CUTYyallii BUGMpaTu Haitbinbm nigxoasmuit ¢ineTp. Haykosi Ta
[IPaKTHUYHi pe3yabTaTU JUCEPTaLifHOI pOOOTH MOXKYTb OyTA BUKOPUCTaHI B CUCTEMAX MOHITOPUHTY JIsI
3a6e311e4eHHs] BUCOKOI SIKOCTi IPUYIIE€HHS HECTAL[ilOHAPHOTO IIYMY, 3 METOI0 YCYHEHHSI apTe(aKTiB 3 HEBIJOMUMU

BJIACTUBOCTSIMM [OJ151 aBTOMATU30BAHUX CUCTEM aHaJIi3y 6iOM€ILI/I‘-IHI/IX CUTHAaJIiB.

2. The object of the research is non-stationary 1D processes in biomedical systems. The purpose of the dissertation
is design of adaptive methods for nonlinear robust filtering of biomedical signals effective in complex conditions of
presence of additive non-stationary and additive and multiplicative noises with unknown variances and impulses
as well as methods of nonlinear robust filtering for removal of movement artifacts with unknown properties.
Methods of research: Theory of nonlinear robust estimates, theory of probability and mathematical statistics,
methods of nonlinear robust filtering, Monte-Carlo method, numerical simulation. Theoretical and practical
research results: designed methods of locally adaptive robust filtering for processing 1D signals with a priori
unknown and different behavior have allowed increasing the efficiency of denoising in conditions of additive non-
stationary, additive and multiplicative noises and impulses with small probability, considerable improving accuracy
of measuring parameters of triangular and parabolic extrema, providing high efficiency of ECG denoising. The
proposed method and the designed adaptive vector nonlinear filter have allowed removing low amplitude artifacts
without introducing sufficient distortions of information component, to suppress noise, to preserve changes in
signals dealing with periodic events (cycles of ECG, brain evoked potentials). This allowed improving the signal
quality for analysis, recognition and classification. Scientific novelty - first the method for removal of low
amplitude artifacts in one-lead ECG is proposed that exploits principle of vector nonlinear filtering; this has
allowed to automatically remove artifacts in real time without taking into account information on their properties;
the method of vector nonlinear filtering has been further advanced, this method, in opposite to existing, the
adaptation parameter (statistical criterion for checking suspicious variants) is used for determining the resultant
vector, this has allowed to carry out trimming in the case of presence of signals with artifacts in data sample, This
provides possibility to eliminate the influence of an artifact on resulting signal, to suppress noise and to preserve
eventual changes in signals dealing with events that repeat; the method of locally adaptive robust filtering with
hard switching of parameters has been further advanced in the sense of applying nonlinear hybrid filters with
extrapolating subapertures as their component, in opposite to existing, this has allowed improving local and
integral indicators of filtering efficiency in conditions of additive non-stationary, additive, multiplicative and
impulse noise with small probability and to provide high quality of ECG processing; models of nonlinear robust
filters have been further advanced in the part of backgrounding their properties that, in opposite to existing, allow
selecting the most suitable filter depending upon a given signal-noise situation. Scientific and practical results of
the thesis can be used in monitoring systems for high efficiency suppression of non-stationary noise, to remove



artifacts with unknown properties in automatic systems of biomedical signal analysis.
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