O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0824U002614
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpauii: 16-07-2024

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. byuiit PomaH AHnpiftoBAY

2. Roman A. Butsiy

KBasmigikamis:

InenTudgikarop ORCID ID: 0000-0002-8415-8635

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi cHeniaJabHOCTI: 113

Ha3zBa HayKoOBOIi cIeniaJbHOCTI: [puKia/jHa MaTeMaThKa

FaJIy3b / ralesi 3HAaHb. MaTreMaTHvKa Ta CTaTUCTHKA

OcBiTHBO-HayKOBa IMporpama 3i CeniaJbHOCTI: MaTeMaT4He MOZEIIOBAHHS Ta OGYNCIIIOBAIBHI

MeTOoau

Jdara 3axucTy: 08-08-2024

CrneniaJbHICTh 32 OCBITOIO: KOMIT'IOTEpPHA iHXKEHepis

Micue po6oTu 3400yBayva:
Kopg 3a €IPIIOY:
Micue3Haxoa KeHHS:
®opma ByracHOCTI:

Cdepa ynpasiriHHS:

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYUEHOI pagH (Pa30Boi Cleliagai3oBaHOi BYE€HOI pazu). 1O 26.255.009

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOH: [HCTUTYT TesleKOMyHIKaLil i r106a1bHOTO iHbOpMaLiitHOTO
IPOCTOPY

Kopg 3a €IPIIOY: 26022051

Micue3HaxoaKeHHS: YoKOoT0BCKuUil 6ynbBap, 6yz. 13, Kuis, 03186, Yrpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT TesleKOMyHiKawjii i r106a1bHOTO iHdOpMaLiitHOTO

IIPOCTOPY
Kopg 3a €IPIIOY: 26022051

Micue3HaxoaKeHHS: YoKOI0BCKuUil oysbBap, 6ya. 13, Kuis, 03186, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 20.54.07

Tema guceprauii:
1. MogentoBaHHS Ta MeTOM €(DEKTUBHOTO OIPAIIOBAHHS IUKJIIYHUX CUTHAJIIB B HEHPOiHTepdEeNCHUX Ta

KapZiofiarHOCTUYHUX CUCTEMAX

2. Modeling and Methods for Effective Processing of Cyclic Signals in Neurointerface and Cardio-diagnostic
Systems

Pedepar:

1. O6’exTOM [IOCTII>KEHHS € ITpoliec MOOYI0BM MaTeMaTUYHOI MoJiesli Ta MeTOZiB e(peKTUBHOT'O OIIPAlI0BAaHHS
LMKJIIYHUX 6i0MEeINYHUX CUTHAJIIB B Cy4YaCHUX HEiBa3MBHUX HelpoiHTepdericax, cucTeMax MeJUyHOl AiarHOCTUKHU
Ta cucTeMax 6iomeTpuyHOi ayTeHTudiKaii. MeToo nucepTauiiHoOro NOCHiIKEeHHS € PO3BUTOK MaTEMaTUIHUX
MoJeJsiell Ta MeTOAiB e(PeKTUBHOTrO OIPALIOBAHHS IUKIIYHUX 6i0MEeIUYHNX CUTHAJIB y Cy4aCHUX HEiHBAa3NBHUX
HelipoinTepgericax, cucremax 6ioMeTpuyHoi ayTeHTUdiKallii ocoou Ta cucTemax MeJU4Hoi AiarHOCTUKU. MeTonu
TeOoPpii BUINIaIKOBUX IIPOLIECIB Ta BEKTOPIB AJ1sl MopentoBaHHs EET' Ta EKI' curnasnis, MeTooy MaTeMaTUYHO]
CTaTUCTHKH, a CaMe, METOJI CTATUCTUYHOTO TOUYKOBOT'O Ta iHTEPBAJIbHOTO OLiHIOBAHHS 17151 TOOYOBU METOIIB

OTIpallOBaHHS 6iOMeUYHUX IMKJIIYHUX Ta Bepudikarii ix MaTeMaTUYHUX MOjiesieil. MeToay CrieKTpajibHOTO



aHaJIi3y CUTHAJIB [JIs1 3SMEHIIEHHS PO3MiPHOCTI 1iarHOCTUYHOTO IPOCTOPY Y HEMPOiHTepPENCHUX Ta
Kap[ioiarHOCTUYHUX cucTeMax. MeTony MallMHHOIO HaBYaHHS B 33fja4ax kiuacudikaii curHasnis. Po3pobieHa y
IUcepTalii HoBa MaTeéMaTU4YHa MOJeb CYKyNHOCTI EET’ curHasiB y BUIJIi BEKTOpa HUKIIYHUX PUTMIYHO
IIOB'SI3aHUX BUIAAKOBUX NPOLECIB Ta €(PEKTHUBHI METOAU CTaTUCTUYHOro onpauosaHHs EET Ta EKT' curnainis
yIOCKOHAJIIOIOTh BiloMe MaTeMaTUYHe 3a0€3MeYeHHs Cy4aCHUX HEeiHBa3MBHUX HENPOiHTEP(QEIiCiB, cucTeM
MeJIMYHO]I JiarHOCTUKHU Ta cUCTeM GiomeTpruyHoOi ayTeHTUdiKalii ocobu 3a ii ¢isionoriynumu curnanamu. Ha ocHOBI
OTPUMAaHUX Y AUCEPTAallii HOBUX TEOPETUYHUX Ta IPUKJIAAHUX PE3YJIbTaTiB, HA MOBi Python po3pobieHo nporpamue
3a6e311e4yeHHs /1J1s IONePeIHbOTO Ta OCHOBHOT'O (CTATUCTUYHOIO Ta CIEKTPAJIbHOTO) PUTMOALANITUBHOTO
OTIPAlIOBaHHS LUKJIIYHUX 6i0MEeINYHNX CUTHAJIB, @ TAKOX [JIs1 TPOBEIeHHS ITpoLenypu Kiaacudikarii i3
BHMKOPHCTaHHSIM TUIIOBUX 3aC06iB MamMHHOro HaByaHHs (k-Nearest Neighbors, Linear SVM, Decision Tree,
Random Forest, Multilayer Perceptron, Adaptive Boosting, Naive Bayes) B HeiHBa3MBHMX HEMPOiHTEP(PENCHUX
CUCTeMax Ta cucTeMax 6iomeTpuyHoi ayreHTudikauii ocoou 3a EKI'. HoBusHa: Bnepuie po3po6yeHo Ta
BepruQikoBaHO HOBY MaTeMaTUYHy MOJeJIb CYKyITHOCTI efekTpoeHuedanorpadiynux (EEI') curnanis i3 pisHux
BiZlBEZI€Hb (€JIEKTPOZiB), 3aPEECTPOBAHUX B YMOBax 6araTopasoBoro NOBTOPEHHSI MEHTAJIbHUX KEPYIOUUX BILJIMBIB
oIreparopa HeiHBa3UBHOTO HeWpoiHTepdeicy, y BUIJISAI BEKTOPA UUKIIYHUX PUTMIYHO MOB'I3aHMX BUMAJIKOBUX
IIpOLIeCiB; BIieplle, 0GIPYHTOBAHO METOAU iX PUTMOAAANTUBHOTO CTATUCTUYHOTO OIPALIOBAHHS, 1[0 TAJI0 3MOTY
copMyBaTH MHOKMHY [TOTEHLIIMHO YyTJIMBUX JO MEHTAJIBHOIO BIIJIMBY ollepaTopa Helpoinepdecy
inpopmatuBHux xapaktepuctuk EEI' curHasnis; Bnepie po3po6sieHo BUCOKOe(DEKTUBHUN PUTMOQIANITUBHUI METO],
6iomeTpryHOi ayTeHTUPiKaLii ocobu 3a ii EKT, 30kpema, 3a nuie ogHum nukaom EKI'; Bnepiie o6rpyHTOBaHO
OTITUMaJbHi BEeKTOpHU iH(POPMATUBHUX O3HAK B HEMPOiHTEepDENCHUX CUCTEMAX Ta B CUCTEMax 6i0OMeTpUYHOI
ayreHTudikauii ocoou 3a EKT. PeaysnbTaTy AucepTaliiiHOro JOCiIKEHHS BIPOBAIKEHO Y HaBYaIbHUI IIPOLieC
TepHOMiNbCHKOTO HAliOHAJIBHOTO TEXHIYHOTO yHiBEpCUTETY iMeHi IBaHa [1ymtos Ta B HAyKOBO-[IOCJIiIHY pOOOTY
TepHOMiNIbCHKOTrO HalliOHAJILHOI'O MEIMYHOTO yHiBepcuTeTy imMeHi 1. 5. ['opbaueBchkoro. Chepa BUKOPUCTAHHS:
MeMYHA AjarHoCcTuKa QyHKIiOHAJIBHOTO CTaHy CepLs JIIOAMHY, a TAKOXK CUCTEM IMHAMIYHOI 6ioMeTpUYHO]

ayreHTUdikauii ocobu 3a ii 6ioMeIMYHUMY 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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dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi

Biacue IpizBume Im's Ilo-6aThKOBI Kasmox Opiii [BaHOBIY
TOJIOBH paju

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI Kasmox tOpiii IBaHOBHY
rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY Byuiit Poman AnzipifioBuy

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




