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Pedepar:

1. O6’exTOM IOCTII>KEHHS € Npolec MOOYI0BM MAaTEMATUYHOI MOZEJIi Ta METOAiB €(PeKTUBHOT'O OIIPALI0BAaHHS
LUKJIYHUX 610MeIUYHMAX CUTHAJIB B Cy4aCHUX HeiBa3UBHUX HeNpoiHTepdelicax, CuCTeMaX MEAUYHOI 1iarHOCTUKU
Ta cucremax 6iomeTpuyHoi ayreHTH(iKaLii. MeTol nucepTaniliHOro JOCIiI)KeHHS € PO3BUTOK MaTeMaTUYHUX
MoJesieil Ta MeTOiB e(PeKTUBHOTrO ONPALI0BaHHS LMKIIYHUX 6i0MeIMYHUX CUTHAJIB Y Cy4aCHUX HEiHBAa3UBHUX

HelipoinTep@deiicax, cucremax 6iomeTpruyHoi ayTeHTUdIKallii 0cOOM Ta cucTeMax MeAUYHOI IiarHOCTUKU. MeTonu



Teopii BUNIaIKOBUX IIPOLECIB Ta BEKTOPIB aJ1s1 mopesoBaHHs EET' Ta EKI' curnasis, MeTOOy MaT€MaTUYHO]
CTaTUCTHKHY, a2 CaMe, METOJI CTATUCTUYHOT'O TOUKOBOT'O Ta iHTEPBAJIbHOTO OLiHIOBAHHS 17151 TOOYZOBU METOIIB
OTIpallOBaHHs 6GioMeUYHUX IMKJIYHUX Ta Bepudikallii ix MaTeMaTUYHUX Mojesieil. MeToau CrieKTpajibHOTo
aHaJli3y CUTHAJIB [JIs1 3SMEHIIEHHS PO3MiPHOCTI 1iarHOCTUYHOTO IPOCTOPY Y HEMPOIHTepPENCHUX Ta
Kap[ioiarHOCTUYHUX cucTeMax. MeTony MallMHHOrO HaBYaHHS B 33a4ax kiuacudikaii curHasnis. Po3pobieHa y
JUCepTallii HoBa MaTeMaTU4YHa MOJeb CYyKyNHOCTI EEI' curHasiB y BUTJISZi BEKTOPa HUKIIYHUX PUTMIYHO
IIOB'SI3aHUX BUIIAAKOBUX IPOLIECIB Ta €(PEKTHBHI METOAU CTaTUCTUYHOro onpautosaHHs EET Ta EKT' curnasnis
YIOCKOHAJIIOIOTh BilOMe MaTeMaTU4He 3a0€3MeYeHHs CyYaCHUX HeiHBa3UBHUX HEMPOIHTEP(ENCiB, cucTeEM
MEeAWYHOI IJarHOCTUKU Ta cucTeM 6iomeTpuyHoi ayTeHTUdiKauii ocobu 3a ii ¢izionoriynnmu curHanamu. Ha ocHOBI
OTPUMAaHUX Y AUCEPTAaLlii HOBUX TEOPETUYHUX Ta IPUKJIAAHUX Pe3ybTaTiB, Ha MOBi Python po3pobieHo nporpamHue
3a6€e31e4eHHs [1J15 TONEPEIHbOTO Ta OCHOBHOTO (CTaTUCTUYHOIO Ta CIIEKTPaJIbHOI0) PUTMOAIAIITUBHOTO
OTIPALIOBAHHS LUKJIIYHUX 6i0MEeANYHNX CUTHAJIB, 2 TAKOX [JIs1 TPOBEAEHHS Ipouenypu Kiacudikarii i3
BHMKOPHCTaHHSIM TUIIOBUX 3aC006iB MamnHHOro HaByaHH# (k-Nearest Neighbors, Linear SVM, Decision Tree,
Random Forest, Multilayer Perceptron, Adaptive Boosting, Naive Bayes) B HeiHBa3MBHUX HepOiHTEP(ENCHUX
CHACTeMax Ta CUCTeMax 6iomeTpruyHoi ayreHTUdiKalii ocoou 3a EKI'. HoBusna: Briepie po3po6seHo Ta
BepruQiKOBaHO HOBY MaTeMaTUYHy MOJeJIb CYKyITHOCTI efekTpoeHuedanorpadiynux (EEL') curuanis i3 pisHux
BiZlBEZIeHb (€JIEKTPOZiB), 3apEECTPOBaHUX B YMOBax 6araTopa3oBoro MNOBTOPEHHSI MEHTaJIbHUX KEPYIOUUX BILJIMBIB
olepaTopa HeiHBa3MBHOIO HEMPOIHTEP(ENCyY, y BUIVISIAI BEKTOPA LUKJIIUHAX PUTMIYHO MIOB'SI3aHUX BUIIAAKOBUX
IIPOLIECiB; BIiepuie, 06rPYHTOBAHO METOAM iX PUTMOQIAIITUBHOTO CTATUCTUYHOTO OIPALIOBAHHS, IO [1aJI0 3MOTY
cpopMyBaTH MHOKMHY [TOTEHLIIMHO YyTIMBUX JO MEHTAJIbHOIO BILJIMBY ollepaTopa HelpoiHepdecy
inpopmaruBHux xapaktepuctuk EEI' curHanis; Bnepiie po3po6yieHo BUCOKOeDEKTUBHUN PUTMOAIANITUBHUI METO],
6iomeTpuyHoi ayreHTUdiKaLii ocobu 3a ii EKT', 30kpema, 3a nume ogHum nukaom EKT'; Briepiie o6rpyHTOBaHO
OTITUMaJIbHi BeKTOpHU iH(POPMATUBHUX O3HAK B HEMPOiHTEPDENCHUX CUCTEMAX Ta B CUCTEMAaX Oi0OMeTPUYHOI
ayrenTudikauii ocoou 3a EKI'. PeaysnbraTy gucepTaliliHOro NOCiIKEeHHSs BIPOBaIKEHO Y HaByaabHUI IIpoliec
TepHOMiNIBCBKOTO HALLiOHATIBHOIO TEXHIYHOTO YHiBepcUuTeTy iMeHi IBana I[1ys10s1 Ta B HAYKOBO-AOCIiIHY POOOTY
TepHOMiNBCHKOrO HAlLiOHAIBHOTO MEAUYHOTO yHiBepcuTeTy iMeHi 1. SI. ['op6adeBcbkoro. Chepa BUKOPUCTAHHS:
Me[IMYHa AiarHOCTUKA (YHKIIOHAJIBHOTO CTaHy CepL JIOAUHHY, @ TAKOK CUCTEeM JUHAMIYHOi 6ioMeTpU4HOI

ayreHTUdiKauii ocobu 3a ii 6ioMeAMYHUMY UUKIIYHUMY CUTHAJIaMHU.

2. The object of the research is the process of building a mathematical model and methods of effective processing
of cyclic biomedical signals in modern non-invasive neurointerfaces, medical diagnostic systems and biometric
authentication systems. The aim of the dissertation research is the development of mathematical models and
methods of effective processing of cyclic biomedical signals in modern non-invasive neurointerfaces, biometric
personal authentication systems and medical diagnostic systems. Methods of the theory of random processes and
vectors for modeling EEG and ECG signals, methods of mathematical statistics, namely, methods of statistical
point and interval estimation for building methods of processing biomedical cyclical and verification of their
mathematical models. Methods of spectral analysis of signals to reduce the dimensionality of the diagnostic space
in neurointerface and cardiodiagnostic systems. Methods of machine learning in signal classification problems.
The dissertation developed a new mathematical model of the set of EEG signals in the form of a vector of cyclic
rhythmically connected random processes and effective methods of statistical processing of EEG and ECG signals
improve the well-known mathematical support of modern non-invasive neurointerfaces, medical diagnostic
systems and systems for biometric authentication of a person based on his physiological signals. Based on the new
theoretical and applied results obtained in the dissertation, software was developed in the Python language for
preliminary and basic (statistical and spectral) rhythm-adaptive processing of cyclic biomedical signals, as well as
for the classification procedure using typical machine learning tools (k-Nearest Neighbors, Linear SVM, Decision
Tree, Random Forest, Multilayer Perceptron, Adaptive Boosting, Naive Bayes) in non-invasive neurointerface
systems and systems of biometric authentication of a person based on ECG. Novelty: for the first time, a new
mathematical model of a set of electroencephalographic (EEG) signals from different leads (electrodes), registered
under the conditions of multiple repetition of the mental controlling influences of the operator of a non-invasive



neurointerface, in the form of a vector of cyclic rhythmically connected random processes, was developed and
verified for the first time; for the first time, the methods of their rhythm-adaptive statistical processing were
substantiated, which made it possible to form a set of informative characteristics of EEG signals potentially
sensitive to the mental influence of the neuroinerfess operator; for the first time, a highly effective rhythm-
adaptive method of biometric authentication of a person based on his ECG was developed, in particular, based on
only one ECG cycle; for the first time, the optimal vectors of informative features in neurointerface systems and in
systems of biometric authentication of a person based on the ECG were substantiated. The results of the
dissertation research were implemented in the educational process of the Ternopil National Technical University
named after Ivan Pulyu and in the research work of the Ternopil National Medical University named after I. Ya.
Gorbachevskii. Scope of use: medical diagnostics of the functional state of the human heart, as well as systems of
dynamic biometric authentication of a person based on his biomedical cyclical signals.
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IloBHe HafIMeHyBaHHﬂ IOPUOHUYHOL 0COOH: [HCTUTYT TesleKOMyHiKalliii i r106a1bHOTO iHpOpMAILiiTHOTO

IIPOCTOPY

Kopg 3a €IPIIOY: 26022051

Micue3HaxoaKeHHS: YoKOI0BCKUIA 6ynbBap, 6yz. 13, Kuis, 03186, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: HanjonanbHa akageMid HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuit

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI

TOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aCilaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuk Bigginy YKpIHTEI, mpo €

BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBO1

OisIIBHOCTI

Kamox IOpiit IBaHOBUY

Kamox IOpiii IBaHOBrY

Byuin Poman AHppiftoBry

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



