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MoBga guceprariii:
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1. Mogeni, MmeToau Ta iHpOpMalliiiHi TEXHOJIOTIi paHHBOTO BUSIBJIEHHS PO3JIaJlHAaHb B HECTAlliOHAPHUX

KBa3inepioguyHux npouecax

2. Models, methods and information technologies for the early detection of disorders in nonstationary
quasiperiodic processes

Pedepar:

1. O6’exTOM OCTiIKEHHS € HECTal[iOHapHi KBasinepiognyHi npouecu B yMoBax iHpopMaliliHOI HEBU3HAYEHOCTI.
Mero1o nucepTaniitHoi po60TH € CTBOPEHHS MOZesiel, MEeTOiB Ta iHpopMaLiitHUX TEXHOJIOTIH 1151 pAHHBOTO
BUSIBJIEHHS] HEAIUTUBHUX PO3JIalHAHb B HECTAl[iOHAPHUX KBa3inepioanyHux npouecax. [IpoBeneHi TOCaiIKeHHs
I'PYHTYIOTBCSI HA METOJIaX CUCTEMHOTIO aHali3y, 3arajlbHOi TeOpii CUCTEM, TEOPETUKO-MHOKUHHOMY ITiIXOI],
METOMAaX aHajli3y YaCOBUX PSJIiB Y YACTOTHIl, 4aCOBill Ta YACTOTHO-4YaCOBiil 06JIACTSIX, HEUITKOTrO F-riepeTBopeHHs,
dpaxTanbHOrO aHaJi3y, METOax HeJliHIMHOI IMHaMIKK, MEeTOZax Teopii rinpoAuHaMiky, METOax MaTeMaTUIHOI
di3uKy, METOAaX 00UYMCIIIOBAJIbBHOTO iHTEIEKTY, METOOMYHUX OCHOBax 1100y 10BY iHpOpMaLIifHUX TEXHOJIOTIH.
PesynbTaTu Ta ix HOBU3HA: BIleplIe 3alIPOIIOHOBAHO TEOPETUKO-MHOXXUHHY MOJI€JIb IIPOLIECiB OOPOOKM Ta aHai3y
reTepOreHHUX JAHMUX HeCTal[iOHAapHUX KBa3iNepioguyHNX NPOLECiB, SIKa MICTUTh (YHKLI iHTeIeKTyalbHOI

HiATPUMKYU IPUMHSTTS PillleHb Ta MJIaHyBaHHS BTPy4YaHb HA OCHOBI METO/IiB YU CEJIbHOTO MOJIEJIIOBaHHS Ta



CYKYITHOCTI MaTEMAaTUYHUX MOZEJIEN HA OCHOBI HEMPOHHUX MEPEXK, 110 JA€ 3MOTY Peali3yBaTu KOMILJIEKCHUI
niAxin go nigBUILEHHS SIKOCTi paHHBOTO BUSIBJIEHHS PO3JIaJiHaHb; PO3P0O0JIEHO MaTeMaTU4HY MOJeJIb iHTerpaabHOi
03HaKM CTaHy HECTal[iOHapHUX KBa3iNepioguyHMX NPOLECIB 3 ypaxyBaHHSM CyKyIIHOTO BIJIMBY CTATUYHUX Ta
IVHAMiYHUX TIapaMeTPiB 30BHIIIHbOTO CEPENOBUILQ, IO 1A€ MOXKJIMBICTb BUSIBJISITY BJIACTUBOCTI PO3JIaJJHAHB, SKi
NIOB’3aHi 3 HECTAL[iOHAPHICTIO Ta KBa3iNepiogU4HiCTIO; PO3PO6JIEHO METOJ, CUHTE3Y iHTerpajbHOrO KPUTEPIIo
OLiHIOBaHHS CTPYKTYPHY HECTAlLliOHAPHUX KBA3iNepioguYHUX MPOLECIB LIJISIXOM ITOCJIiIOBHOTO BUBHAYEHHS
iHTepBaJiB CTaJI0CTi Ta KPUTUYHOTO 3HAYEHHS iHTErpajbHOI O3HAKU CTaHY HECTALiOHAPHOTO KBA3ilepiogu4yHOro
IIPOLIECY, L0 AO3BOJISIE 3a0€3M1€UYNTH ITPOTHO3YBAHHS CTPYKTYPHUX PO3JIaiHaHb B YMOBAax HEMNOBHOI iHpopMallii mpo
CTaH IpOoLEeCy; PO3POOIEHO METO, PAHHBOTO BUSIBJIEHHS PO3JIafjHaHb B HECTALiOHAPHUX KBa3iNepioguIHUX
IIpoLecax Ha OCHOBI HEMPOHHUX MEPEX ONIOPHUX BEKTOPIB, 1[0 MiCTUTh €Tall¥ BUBHAYEHHS BJIACTUBOCTI JIiHINHOI
HEpO3[iIbHOCTI JaHUX, TIApaMeTPiB peryssipu3allii Ta 3BOPOTHbBOI IIMPUHY pafiianbHOiI 6a3ucHOi PyHKLII gapa i3
BUKOPUCTAHHSM IIPOLELyPU KPOC-Balifiallii 3a JOIIOMOTOX0 T€HETUYHOIO AJITOPUTMY, 110 LO3BOJISIE MiABUIIATU
TOYHICTb BUSIBJIEHHS PO3JIaJlHaHb Ta 3MEHIINUTH BUTPATU PECYPCIB HA YCYHEHHS PO3JIa/IHAHb; 3alIPOIIOHOBAHO
MmeToy, QinpTpalii aHomanill HecTalliOHapHUX KBa3iNepiofAUYHUX PsiiB HA OCHOBI 3rOpTajlbHOI HEMPOHHOI Mepexi
IJIMOMHHOIO HaBYaHH4, LIJISIXOM IIEPETBOPEHHS OAHOMIPDHUX MACHUBIB HECTAL[iOHAPHUX KBa3illepiogUYHUX PAIiB Y
IBOMIpHI MacuBu 300pakeHb Ta 00YUCIIEHHS ONITUMAJIBHOTO 3HAUeHHs [TapaMeTpy PO3IiNbHOI 3IaTHOCTI i3
3aCTOCYBAaHHSIM aHCaMOJIIO I€PeB PillleHb, 110 [1a€ MOXJIUBICTb BifilbTPyBaTH [IOMUJIKY peeCTpaliii JaHUX.
YI0CKOHa/IeHO MeTOoJ, iMITalliiHOTO MOJI€/II0BaHHS IPOCTOPOBO-4aCOBUX XapaKTEPUCTUK 6araTOBUMIpHUX
HEeCTalijOHApHUX KBa3iNepioguyHrX YaCOBUX PAAIB IPEIMETHOI raiysi, KUl Ha BiIMiHY BiJ iCHYIOYMX MICTUTD eTan
3aBJIaHHS HECTAl[ilOHaPHUX IPAHUYHUX YMOB, IO JJ03BOJIS€ 3a6€311eYNTU 6araToBMMIpHE Bi3yaslbHe IPeICTaBI€HHS
HECTallioHAapHOTO KBa3iNepioAUYHOro psiy Ta 3a MOro [OMOMOTOI0 JIOKAJi3yBaTU MiCLI€3HAXO)KEHHS PO3JIaJjHaHb;
METO/I OLiHIOBAHHS aHAJITUYHOI HEOJHO3HAYHOCTI FeTEPOreHHOI iHpopmaliii, IKuil Ha BiIMiHY Bif] iCHyIOUMX
MiCTUTD eTanu ineHnTudikauii TNy JaHUX Ta KIacy HeBU3HAYEHOCTI, JOaBaHHS SIKUX JA€ 3MOTY MiABUILUTU
TOYHICTb PAaHHBOT'O BUSBJIEHHS PO3JIaIHAHb B HECTALlIOHAPHUX KBa3iNepioguyHux npouecax. OTpumas MoAaibIni
PO3BUTOK METOJ, BUBHAYEHHS iHPOPMAaTUBHUX O3HAK PO3JIafjHAaHb HECTALiOHAPHUX KBa3iNepioguYHMUX PSAiB, IKUN
BiZpi3HAETLCA HAABHICTIO €TalliB HEYITKOI allpOKCUMallii, BUBHAYEHHS CIIEKTPAJIbHMX KOMIIOHEHT Ha OCHOBI
MozM(diKOBaHOI0 KOBapialillHOro MeTOy Ta OL[iHIOBaHHS XaOTUYHOI CKJIaJJ0BOi IIPOLIECY, 10 Y CYKYITHOCTI J1a€e
MOXJIMBICTb HNiIBUIIATYA €(PEKTUBHICTb PAHHBOTO BUSIBJIEHHSI pO3JalHaHb. Pe3ysbTaTi po60TH anipo6OBaHo i
BIIPOBA/I’KEHO B JIIKYBAJIbHO - 4ialrHOCTMYHUH IIPOLEC MiCbKOI KiiHi4HOI ikapHi N2 30, M. XapKiB, XapKiBCbKOTO
HAyKOBO-TIPAaKTUYHOTO LIEHTPY XBOPOO ByXa, ropJjia, HOCa, XapKiBCbka MEIMYHA aKaieMisl MiCc/IsSAUIIIIOMHOI OCBIiTH,
KJIiHi4HOi JikapHi «PeodaHnis» JepskaBHoro YnpasiinHas CripaBamy, M. Kuis, crangapTtu «ISCOANA», B HAyKOBY
IisnbHiCTL IHCTUTYTY IpO6IEM MaIMHOOYAyBaHH iM. A.M. Ilinropnoro HaujionanbHoi Akagemii Hayk, M. Xapkis, B
HAyKOBO-ZOCIiTHY Po60Ty «P0o3pobka MeTon01I0rii i MaTeMaTHYHNX MOJieJIel CoLialbHO-€KOHOMIYHNUX CUCTEM IIPU
peaizauii KoHenji ix cTiikoro po3BUTKY» y HaBYaJIbHUI ITpoliec Kadenpu MporpaMHoi iHxkeHepii XapKiBCbKOTro
HalliOHAJILHOT'O YHIBEPCUTETY PallioeIEKTPOHIKN.

2. The object of the research is nonstationary quasiperiodic processes in the conditions of information uncertainty.
The purpose of the thesis is to create models, methods and information technologies for the early detection of
nonadditive disorders in non-stationary quasiperiodic processes. Research methods: methods of system analysis,
the general theory of systems, the theory-plural approach, methods of analysis of time series in frequency, time
and frequency-time domains, fuzzy F-transformation, fractal analysis, methods of nonlinear dynamics, methods of
the theory of hydrodynamics, methods of mathematical physics, methods of computational intelligence ,
methodical bases of construction of information technologies. Results and their novelty: for the first time a
theoretical multiplicity model of processes for processing and analysis of heterogeneous data of nonstationary
quasiperiodic processes is proposed, which contains the functions of intelligent decision support and intervention
planning on the basis of numerical simulation methods and a set of mathematical models based on neural
networks, which enables to realize a complex approach to improving the quality of early detection of disorders; the
mathematical model of the integral sign of the state of nonstationary quasiperiodic processes is developed taking
into account the combined influence of static and dynamic parameters of the external environment, which makes



it possible to detect the properties of disruptions which are related to nonstationary and quasiperiodicity; the
method of synthesis of the integral criterion for evaluating the structure of nonstationary quasiperiodic processes
by sequential determination of the constancy intervals and the critical value of the integral sign of the state of a
nonstationary quasi-periodic process is developed, which allows to provide forecasting of structural disruptions in
the conditions of incomplete information about the state of the process; The method of early detection of
disorders in nonstationary quasiperiodic processes which based on neural networks of reference vectors and
contains stages of determining the property of linear undivided data, regularization parameters and inverse width
of the radial-base function of the core using a cross-validation procedure using a genetic algorithm, which allows
to improve the accuracy of detection disorders and reduce the cost of resources to eliminate disorders; the
method of filtration of anomalies of nonstationary quasi-periodic series based on the deep convolutional neural
network is proposed, by converting one-dimensional arrays of nonstationary quasiperiodic series into two-
dimensional arrays of images and calculating the optimal value of the resolution parameter using a decision tree
ensemble, which makes it possible to filter out data registration errors. The method of numerical simulation of
spatio-temporal characteristics of multidimensional nonstationary quasperiodic time series is improved, which,
unlike the existing ones, contains the phase of the task of nonstationary boundary conditions, which allows
providing a multidimensional visual representation of a nonstationary quasiperiodic time series and, through it,
localize the location of disorders; the method of estimating the analytical ambiguity of heterogeneous information,
which, unlike the existing ones, contains the stages of identifying the type of data and the class of uncertainty, the
addition of which allows to improve the accuracy of the early detection of disorders in nonstationary quasiperiodic
processes. The method for feature extraction of nonstationary quasiperiodic series, which differs by the presence
of phases of fuzzy approximation, determination of spectral components on the basis of the modified covariance
method and estimation of the chaotic component of the process, which in aggregate gives an opportunity to
increase the efficiency of early detection of disorders, has been further developed. The results of the work have
been tested and implemented in the medical and diagnostic process of the city clinical hospital N2 30, Kharkiv,
Kharkiv Scientific and Practical Center of ENT disorders, Kharkiv Medical Academy of Postgraduate Education,
Clinical Hospital "Feofaniya" of the State Department of Affairs, Kyiv, standards of ISCOANA, in the scientific work
of the Podgorny Institute for Mechanical Engineering Problems National Academy of Sciences of Ukraine, Kharkiv,
in the research and development work "Development of methodology and mathematical models of socio-economic
systems in the implementation of the concept of sustainable development”, in the educational process of the
department of software engineering Kharkiv National University of Radio Electronics.
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