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1. lucepraniiina po60oTa MpucBsYeHa 3HaxXO/I’)KEHHIO BifIcTaHel! MiXX BUMIiPIOBaHHSIMU JIAHUX, SIKi ITpeICTaBJIeHi
4aCOBUMHU PsZlaMU, Ta BU3HAYEHHIO ONITUMAaJIbHOI KiJIbKOCTi KJIaCTEPiB HAa OCHOBI BJIACHUX 3HaY€Hb CTOXaCTUYHOI
marpuui rpaga. Jucepranist CKIafaeTbCs i3 BCTYIY, TPbOX PO3[ijliB, BUCHOBKIB Ta NEPEJiKy BUKOPUCTAaHUX JKEPeJL.
Y BCTymi OGTPpYHTOBAHO aKTyasIbHICTh TEMU JOCIiIKeHHs, C(OOPMYJIbOBAHO METY, 3aBIAHHS, IPEIMET, 00'€KT Ta
METOJIY LOCJiIPKEHHS], BKa3aHO HAyKOBY HOBU3HY, [IPaKTUYHE 3HAYEHHS OTPUMAHUX Pe3yJbTaTiB, 3B'130K pOOOTH 3

HayKOBHUMMU JIOCJIJI)KEHHSIMU Ta OCOOMCTUI BHECOK 37100yBaya, a TaKOXX HaBENIEHO JIaHi PO Te, Jie NOMOBigaInCh,



06roBOPIOBAIMCH Ta 6yJIM OIyOJIiIKOBaHI OCHOBHI pe3ysbTaTu gucepTalii. Y nepuomy po3nisi 3miiicCHeHO OrJIsy
HayKOBOI JliTepaTypH, IPHUCBSIYEHOI LOCHIIPKEHHIO YaCOBUX PSITIiB, 30KpeMa, BU3HAUEHHIO METPUK IOiOHOCTI MixK
4aCOBMMMU PSAJIaMU Ta MIIXOOU IO KjacTepu3alil JaHuX, gKi IpefCTaBieHi y BUTJIAl HECTPYKTYPOBAHUX TUILIB
IaHUX. JleTaJbHO IPOaHali30BaHO XPOHOJIOTiI0 PO3BUTKY HAyYKOBUX MiXOMiB O 3aa4 KjaacTepusalii, knacudikauii,
3MEHIIEHHs1 PO3MiPHOCT] YacoBuX psaiB. Po3nin 1 Binobpaskae 3arasbHUN OIJISL PO3BUTKY HAyKOBUX OCIIiIKEHb
IIpU [OCJIiIP)KeHH] 4acoBUX PSZiB Ta iCHYIOUi METPUKH 1151 BCTAHOBJIEHHS ITOIGHOCTI MK YyacoBUMU psigamu. Tyt
HaBeJIEHO METO M OCIiIPKEHHS] CTPYKTYPHHUX CTPUOKIB Y 4aCOBUX PSiax Ta 3p00JIEHO OIJIsif, HAYKOBUX
IOCJIIKEHb, SIKi CTOCYIOTbCSI HEIIEPEPBHUX 4YaCOBUX PsAiB. Bubip onTMMabHOI KiJIBKOCTI K1aCTePiB IPpY MOALII
IAHWX Ha TPYIY TaKOX IIPeJCTaBIeHo y po3aisi 1. ¥ Ipyromy pospisi 3anpornoHOBaHO BU3HAYATH N1OLi6HICT 260
BiZICTaHb MI’K 4aCOBMMHM PSJaMU 32 JOIIOMOTIOI0 MOZEJIEN YaCOBUX PALiB. 3alIpOIIOHOBAHUI aJITOPUTM [1JIS1
BCTAHOBJIEHHS NTOJiOHOCTI BOX HAOOPIB aHUX BUKOPUCTOBYE NIAapaMETPU MOJEJI, a HE caMi BUMipIOBaHHS. Y
SAKOCTI MOZEeJIEN YaCOBUX PALIB PO3IJISHYTO cTauioHapHi ARMA mogeni. OTprMaHuii alrfOPUTM TIOPIBHIOETLCA 3 yKe
iCHylIOUMMHU METPUKaMU 3HaXOKEHHS BifiIcTaHel Y BUIIAJKYy 301/IblIeHHs] BUMIPIOBAaHb YaCOBOT'O PSy Ta Y BUIIAAKY
3POCTaHHSI KiJIbKOCTi BUKUIiB Y BXiITHOMY 4aCOBOMY psii. OTpUMaHUil aJITOPUTM Ma€ MEHIY 00YUCIIOBAIbHY
CKJIaAHiCTh, HK anroputMu EBkiiga, DTW ta ERP. 3anporoHoBany BificTaHb MOKHA BUKOPUCTOBYBATH [JI1
KJlacTepusallii CUJIbHO 3allyMJIEHUX JAaHWUX. HayKoBYy HOBHU3HY BUCHOBKIB, 3pDO0JIEHHMX HA OCHOBI OTPUMAaHUX Y
Ipyromy po3fiijii pe3ysbTaTiB, PO3KPUBAIOTh TaKi MOJIOKEHHS: ONMCaHO AJITOPUTM [J151 3HAXOIPKEHHS BiICTaHi MK
4aCOBMMHU PsiJaMU Ha OCHOBI MOZ€JIEN YacOBUX pAiB. OTpUMaHa BiICTaHb € OiJbIll CTIKOIO 4O BUKUAIB Y 4aCOBUX
psizax. Y BUNaAKy 30i1bLUIeHHS KiJIbKOCTi BUKU/IIB 3aITPOIIOHOBAHUI Y AUCEPTALITHOMY JOCJIiIKEHHI aJIFOPUTM Jjae
Kpalli pe3ysbTaTy (BifHOCHA oXK16Ka 3pocTae jJorapudmiyHo), Hixk aHasoriyHi anroputmu (EBKIIinoBa BifiCTaHb,
ERP, DTW) 171 3HaXxokKeHHs BiCTaHi Mk YaCOBUMU psAZlaMU (BifHOCHA MTOXUOKa 3pOCTAE JIiHIIHO).
3arpoIrOHOBaHMI METO/, 3HAXOIKEHHS BifCTaHi MiXK BUMIPIOBAaHHSAMM YaCOBOTO PAAY AA€ Kpallli pe3yIbTaTy [Jis
BEJIMKUX YaCOBUX PSIiB, KOJIU KiyibKicTh BuMiptoBaHb T >1000. JJo TOro 5k 064MCIIIOBaibHA CKIIANIHICTh OTPUMAHOTO
aJITOPUTMY € MEHIIOIO 32 064U CIIOBAJIbHY CKJIaHICTDb YKe iCHYIOUMX ajJrOPUTMIB. ¥ TPETbOMY PO3[ijli PO3IJISHYTO
npob6seMy KiacTepu3aliii Ha rpadax Ha OCHOBI BJIaCHUX 3HaY€Hb CTOXAaCTUYHOI MaTpuLi rpada. JJoseneHo, mo
BJIACHI 3HaY€HHS CTOXAaCTUYHOI MaTpuli A1 Benukux rpadis (N >100) noginsoTbCs HA TPU IPYIN, OJHA i3 SIKUX €
BM3HAYaJIbHOIO [ YMCa KiacTepiB y rpadi. BukopucToByoun Teopiio BUNaIKOBUX MaTpUllb, BIasocs MOKas3aTy,
1110 ACUMIITOTUYHMM PO3IOALI NiArPyNy AiMCHUX YaCTHH BJIACHUX 3HAY€Hb CTOXACTUYHOI MaTpulli rpady
ONMCYETLCS HAMliBKOJIOBUM PO3M0AiNoM Birnepa. BUKOpUCTaHHS CTOXaCTUYHUX MAaTPULLb JAJI0 3MOTY TOYHO
JIOKasi3yBaTH BJIaCHi 3HaYEHHS, IO BiJl[IOBiAAIOTH 32 KiJIbKICTh KJIACTEPIB, 4Or0 He BAABAIOCS 3pOOUTH /11 MaTpULb
cyMixkHOCTi. OCHOBHI IIpUNYIIIEHHSI MO/ZEJIi MOB's13aHi 3 BJIACTUBOCTSIMU IMCKPETHUX JIaHIIIOTiB MapKoBa, 110
IO3BOJISIE PO3MIUPUTH 00J1aCTh 3aCTOCYBAHHS OTPMMAHUX PE3yJIbTATiB HA OibIll IIMPOKUH Kjlac 00'eKTiB.
TeopeTrunuHi pe3ybTaTi epeBipeHi Ha KacTepusalii 4acoBUX pAIiB, o onucyoTh BapTocTi N = 470 akuiit S&P500
B niepiop 3 2013 mo 2018 poky. HaykoBy HOBU3HY BUCHOBKIB, 3p00JIEHUX Ha OCHOBI OTPUMAaHUX y TPETbOMY PO3LiJi
Pe3yJbTaTiB, PO3KPUBAIOTh TaKi IIOJIOXKEHHS: Y pOOOTi 3alIpOIIOHOBAHO HOBUI METO]], BUBHAUEHHSI ONTUMAaJIbHOI
KiJIbKOCTi KJIaCTePiB IIpy KJlacTepu3sanii 06'eKTiB, 0 3aJaI0ThCSl HECTPYKTYPOBAaHUMU JaHUMU (Tpadamu Ta
JaCOBMMHU PsiJaMU) HA OCHOBI CIIEKTPaJIbHOTO aHaJi3y CTOXAaCTUYHOI MaTpuli faHoro rpady. BukopucrtoByiouu
meTton MoHTe-Kapiio, Bgasnocs [1oKasary, 110 3allpOIIOHOBAHUN METOZ, 1a€ Kpallli Pe3yJIbTaT! 11 BU3HAYEHHS

OIITVMMAaJIbHOI KIJILKOCTI KJIaCTEPiB y NMOPIBHAHHI 13 IEIKMMU KIIACUYHUMU METOIAMMU.

2. The dissertation work is devoted to finding the distances between data measurements, which are represented
by time series, and determining the optimal number of clusters based on the eigenvalues of the stochastic matrix
of the graph. The dissertation consists of an introduction, three sections, conclusions and a list of used sources.
The introduction substantiates the relevance of the research topic, formulates the goal, task, subject, object and
research methods, indicates the scientific novelty, the practical significance of the results obtained, the
connection of the work with scientific research and the personal contribution of the recipient, and also provides
data on where the main results of the dissertation were reported, discussed and published. In the first section, a
review of the scientific literature devoted to the study of time series, in particular, the determination of similarity
metrics between time series and approaches to clustering data, which are presented in the form of unstructured



data types, is carried out. The chronology of the development of scientific approaches to the problems of
clustering, classification, and dimensionality reduction of time series is analyzed in detail. Chapter 1 presents a
general overview of the development of scientific research in the study of time series and existing metrics for
establishing similarity between time series. Methods for studying structural jumps in time series are presented
here, and an overview of scientific research related to continuous time series is provided. The selection of the
optimal number of clusters when dividing the data into groups is also presented in section 1. In the second section,
it is proposed to determine the similarity or distance between time series using time series models. The proposed
algorithm uses model parameters rather than the measurements themselves to establish the similarity between
two data sets. Stationary ARMA models are considered as time series models. The resulting algorithm is compared
with already existing metrics for finding distances in the case of an increase in time series measurements and in
the case of an increase in the number of outliers in the input time series. The resulting algorithm has lower
computational complexity than the Euclidean, DTW, and ERP algorithms. The proposed distance can be used for
clustering highly noisy data. The scientific novelty of the conclusions drawn on the basis of the results obtained in
the second section is revealed by the following provisions: An algorithm for finding the distance between time
series based on time series models is described. The resulting distance is more robust to outliers in the time series.
In the case of an increase in the number of emissions, the algorithm proposed in the dissertation research gives
better results (the relative error increases logarithmically) than similar algorithms (Euclidean distance, ERP, DTW)
for finding the distance between time series (the relative error increases linearly). The proposed method of finding
the distance between time series measurements gives better results for large time series when the number of
measurements T >1000. In addition, the computational complexity of the obtained algorithm is lower than the
computational complexity of already existing algorithms. In the third section, the problem of clustering on graphs
based on the eigenvalues of the stochastic matrix of the graph is considered. It is proved that the eigenvalues of
the stochastic matrix for large graphs (N >100) are divided into three groups, one of which is the determinant for
the number of clusters in the graph. Using the theory of random matrices, it was possible to show that the
asymptotic distribution of the subgroup of the real parts of the eigenvalues of the stochastic matrix of the graph is
described by the semicircular Wigner distribution. The use of stochastic matrices made it possible to precisely
localize the eigenvalues responsible for the number of clusters, which could not be done for adjacency matrices.
The main assumptions of the model are related to the properties of discrete Markov chains, which makes it
possible to expand the scope of the obtained results to a wider class of objects. The theoretical results were tested
on the clustering of time series describing the values of N = 470 S&P500 shares in the period from 2013 to 2018.
The scientific novelty of the conclusions drawn on the basis of the results obtained in the third section is revealed
by the following provisions: The paper proposes a new method for determining the optimal number of clusters
when clustering objects given by unstructured data (graphs and time series) based on the spectral analysis of the
stochastic matrix of the given graph. Using the Monte Carlo method, it was possible to show that the proposed
method gives better results for determining the optimal number of clusters in comparison with some classical
methods.
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