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2. Models and methods for estimating the parameters of self-similar and multifractal stochastic processes

Pedepar:

1. O6'eKT BOCHIIKEHHS ~ CAaMOTIOiOHI Ta My/IbTUPPAKTAJIbHI CTOXaCTUYHI IPOLIECH B TEXHIYHMX, EKOHOMIYHUX i
6iosioriyHUX cucTemax. MeTta JoCiliIpKeHHs - po3poOKa KOMIJIEKCHOTO MiIX0y 10/10 OLiHIOBaHHSI [IapaMeTpiB
CaMOIoAi6HMX i MyIbTU(PAKTATIbPHUX BUIAIKOBUX MIPOLECIB 32 YACOBUMMU PSIAMU MaJloi JOBKMHHU, 3ACHOBAHOTO Ha
BMKOPHCTaHHI CYKyITHOCTi e()eKTUBHMX B3a€MOIIOB'SI3aHUX METO/IIiB aHaJi3y (PPaKTANBHOI Ta KOPEJISLINHOI
CTPYKTYp Ipolecy. MeTonu NOCiIP)KeHHSs - Y pO60Ti BUKOPHUCTOBYBAJIMCS METOU (PPaKTaIbHOTO,
MyJIbTAQPAKTAJIbHOTO i CTATUCTUYHOTO aHAJIi3y JaHUX [1J1s OLiHIOBaHHS (PpaKTajbHUX BIACTUBOCTEN YaCOBUX
PS7iB; METOZIU Teopii IMOBIPHOCTEN Ta BUIaIKOBUX IIPOLECIB /1715 TOOYJOBM MaTEMaTUYHUX MoZesiel
CcaMoIoAi6HUX i MybTUPaAKTAJIbHUX IIPOLIECiB; METOY HEJIiHIMHOI AMHAMIKY AJ1s1 LOCIIiI>KeHHS! BIaCTUBOCTEN
peasizalliil XaoTUYHUX NPOLIECiB; METOAM BelBJIeT-aHai3y AJ1s1 pO3pOOKU METO/IB AOCiI)KEHb aBTOKOPEJISLIiHO]
3aJIEXKHOCTI Ta (PpaKTaabHOI CTPYKTYPH YaCOBUX PsIiB; iMiTalliliHe MOZEIOBAaHHS IJ1s1 alpoballii 3alIpONIOHOBAHUX
METO/IiB i MoieJiell Ta pO3pOOKM NIPAKTUYHMX PEKOMEHAALlIN. AlapaTypa - IepCOHaIbHUI KoMIT'toTep. TeopeTuyHi i

[IPaKTUYHi pe3yJabTaTy JOCHiIKeHb -~ pO3pO0JIeHi MeTOAM NOCIiIKEHHS i MaTeMaTU4YHi MoJieJli CaMOIIOiOHUX U



MyJbTU(PaKTAIbHUX MIPOLECIB OLITBHO BUKOPUCTOBYBATH [IJIS1 MOZIEJIIOBAHHS i aHasi3y TeXHIYHUX, EKOHOMIYHUX
Ta IHIIMX CUCTEM, SIKi MalIOTh PpaKTajbHi BIACTUBOCTI. 3alIPOIIOHOBaHI B pOOOTi BIKOHHI METOAY aHai3y
(dpaKTanbHOI CTPYKTYPH JOLIIBHO 3aCTOCYBATH [1J11 MOHITOPUHTY, IiarHOCTUKY Ta IPOTHO3YBAaHHS KPUTUYHUX
SIBUIL, 1711 4aCOBUX PSAiB pi3HOI Npupoau. HaykoBa HOBU3HA - BIlepLIE 3alIPOIIOHOBAHO KOMITJIEKCHUM MiXiJ 1010
OLIiHIOBaHHSI IapaMeTpiB CaMONOAiOHUX i MysIbTU(PaAKTaIbHUAX BUMIAJKOBUX IIPOLIECIB 32 KOPOTKMMU YaCOBUMU
psanamy, sIKuii 3abe3nedye He3MilleHe iHTepBajibHE OlliHIOBaHHS IIapaMeTpa CaMOIIOIiOHOCTI; BIlepile
3aIIPOIIOHOBAHO METO/, BU3HAUYEHHSI BJIAaCTUBOCTEN MOHOPPAKTAIBHOCTI Ta MyJIbTU(PPAKTAIbHOCTI 32 BUOIPKOBOIO
(PYHKLI€I0 y3araJbHEHOTO NOKA3HMKA XEPCTa, IO J03BOJIsI€ PO3PI3HITU MOHO(PAKTabHI Ta MyJIbTU(PAKTAIbHI
MIPOLIECH 32 KOPOTKUMU YaCOBUMMU PSIJaMU; BIIEPILE 3aIIPONIOHOBAHO MOJIEJIb CTOXaCTUYHOTO MIPOLECY, KU €
€KCIIOHEHIiaJIbHUM II€PETBOPEHHSIM (PPaKTaJIbHOTO rayCiBChbKOr0 IIYMY, 110 J03BOJIsIE OTPUMATU CaMOIIOfiOHMIA
IIPOLIEC i3 3aJaHMMU [TAPAMETPOM CaMOIOAIOHOCTI Ta XapaKTEPUCTUKOIO XBOCTA PO3MOALY; BIEPIIE
3alPOIIOHOBAHO METOJ, BEVBJIET-OLiHIOBAHHS ITIOKa3HMKA XEePCTa [JIsl PSLiB Majlol JOBXWHU 3i 3HAYHUMU
TPEHAOBUMU Ta UUKIIYHUMYU KOMIIOHEHTAMHU, SIKAY 3aCHOBAHUI HA [IONIEPEIHbOMY aHaJli3i ClIeKTpa BEUBJIET-
eHeprii Ta 3acTOCyBaHHi IaKETHOTO BeBJIET-I1IEPETBOPEHHS. PO3p06sieHi MoZesi Ta METOAM aHali3y CaMOINOiOHUX
i MyZIbTU(PAKTAJIBHUX TEJIEKOMYHIKaLiTHMX [TOTOKIB Ta IPOrHO3YBaHHS [1€PEBAHTAXKEHHSI MEPEXi BIPOBAIKEHO Y
Jep>kaBHOMY MifgnpueMcTBi "3aBog iM. B. O. Manumesa". 3anpornoHoBaHi BIKOHHI METOIY aHali3y 3MiHU
MyJIbTAQPaAKTAJIbHOI CTPYKTYpPY 4aCOBUX PsiAiB BiipoBaaxeHo B TOO "MapkeT-penopt'. PeaysnbTaTu po6oTu
BMKOPHCTOBYIOTBCS I1if] YaC MOHITOPMHIY (PpaKTajIbHOI CTPYKTYpY 4aCOBUX PSAiB LiHHMX Nanepis i (piHaHCOBUX
IHIEKCIB Ta BUSIBJIEHHS iHIMKATOPIB KPM3OBUX SIBULLL BAJIIOTHUX PsifiB. Pesyibratu mociimkeHb
MYJIbTU(PaKTAIbHUX BJIACTUBOCTEN OiOMEIUYHUX CUTHAJIIB BIIPOBA)KEHO Y XapKiBCbKOMY 00JIaCHOMY KJIiHIYHOMY
OHKOJIOTITYHOMY LIeHTPi. PO3po6sieHi MeTony AOCHII)KEHHS BUMIaIKOBUX MIPOLIECIB BIIPOBAIKEHO Y HABUAJIbHUIN
npouec Ha Kapeapi NpUKIagHOI MaTeMaTUKH Y XapKiBCbKOMY HalliOHAJIbHOMY YHIBEPCUTETI pallioeJIEeKTPOHIKY.
Po3pobeHi MeToau NocinKeHHs GpaKkTajbHOI CTPYKTYpU XaOTUYHUX IIPOLIECIB BIIPOBAIKEHO y HaBYaIbHUIN
npouec B QisuKo-TeXHIYHOMY iHCTUTYTI HallioHaJIbHOTO TEXHIYHOTO yHiBepcuTeTY YKpainu "KuiBcbkuil
MOJIITEXHIYHUN IHCTUTYT". BCi pe3ysbTaTi BIIPOBAIKEHHS MiATBEPIKEHO Bif[IOBIZHNMY aKkTamu. HayKoBi
TEOPETUYHi Ta IPAaKTU4Hi pe3yJbTaTh AUCEePTaLiliHOI pOOOTU NOLITbHO BUKOPUCTOBYBATU 151 PO3B'SI3aHHS
[IPaKTUYHUX 33724 aHasli3y TeXHIYHUX, iHPpopMaliiiHuX, 6i0JIOT{YHUX Ta IHIIUX CUCTEM, SIKi MalOTh (PpaKTasbHi
BJIACTMBOCTI; [J151 MOHITOPUHTY, iarHOCTUKU Ta IIPOTHO3YBaHHS KPUTUYHUX SBUIL 32 YACOBUMMU PsiaMU Pi3HOi
IPUPOAY; 11 MOJEJIIOBAaHHS CKJIIAIHUX CUCTEM, 10 MOB's13aHi 3 UHGOPMaLiiHUMU [TIOTOKAaMH JAHUX, SKi MalOTh

IOBrOCTPOKOBY 3aJI€XHICTb, 3 METOIO aHaJIi3a Ta AOCIIIPKEHHS ONTUMAIbHUX PEXXUMIB iX QyHKI[IOHYBaHHS.

2. Object of study are self-similar and multifractal stochastic processes in technical, economic and biological
systems. The purpose of research is development of a comprehensive approach to the estimation of parameters of
self-similar and multifractal stochastic processes of the short time series, based on the using a combination of
effective inter-related methods of analysis of related fractal and the correlation structures of process. Research
methods - methods of fractal, and statistical analysis, methods of probability theory and stochastic processes,
methods of nonlinear dynamics and methods of wavelet analysis, simulation modeling. Equipment - a personal
computer. Theoretical and practical studies - proposed research methods and mathematical models of fractal
processes are useful for modeling and analysis of the technical, economic and other systems that have fractal
properties; the window methods of fractal analysis are useful for monitoring, diagnosis and prognosis of critical
phenomena for time series of different nature. Scientific innovation - first the comprehensive approach to the
estimation of parameters of self-similar and multifractal random processes from a short time series is proposed,
which provides an unbiased interval estimation of a parameter of self-similarity; first the method for determining
the of monofractal and multifractal properties using a sample function of the generalized Hurst exponent is
proposed; first the model of the stochastic process with the given parameter of self-similarity and characteristic of
the distribution tail is proposed, first the method of wavelet estimation of the Hurst exponent for the shot series
with significant trend and cyclical components is proposed, which is based on a preliminary analysis of the wavelet
energy spectrum and the using of wavelet packet transform. The developed models and analysis of fractal
telecommunication traffic and congestion prediction were introduced in the State enterprise "Plant behalf



Malyshev". The methods of window analysis of multifractal structure were introduced in company "Market-report."
The results of studies of multifractal properties of biomedical signals were introduced in Kharkiv Regional Clinical
Oncology Center. The methods of the study of random and chaotic processes were introduce in educational
process at the Department of Applied Mathematics of Kharkov National University of Radio Electronics and
Physical-Technical Institute of the National Technical University of Ukraine "Kyiv Polytechnic Institute". All results
are confirmed by the relevant implementing acts. Scientific theoretical and practical results of the thesis should be
used to solve practical problems of the analysis of technical, informational, biological, and other systems that have
fractal properties, and for monitoring, diagnosis and prognosis of critical phenomena for the time series of
different nature; for modeling complex systems related to data traffics, which have long-term dependence in order
to study the best performance.
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