O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0823U101894
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 19-12-2023

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Haka3y MOH / Haka3y 3aKJazy: MinictrepcTBo ocBiTH i Hayku YKpaiHu
YEPHIBEIILKVI HALIOHAJIBHUY YHIBEPCUTET imeni IOpia ®enpkosraa HAKA3S Bin 8 ciuns
2024 poky N27 npo Bugaudy gumsoma nokropa ¢inocodii Kuirninpkiit TeTsHi BacuniBhi

I1. BizomocTi npo 3100yBaya

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Knirniupka TeTsHa BacuniBHa

2. Knignitska Tetyana V

KBasmi¢ikamis:

Inentudikarop ORCID ID: He 3actocosyerbcs
Bupg, nucepranii: nokrop dinocodii
AcmipanTtypa/JlOKTOpaHTypa: tak

IIIu¢p HayKoBOi CIeniaIbHOCTI: 113

Ha3Ba HayKOBOi cHIeniajIbHOCTI: [IpukiajgHa MaTemarrka
l'amy3b / rasysi 3HaHB. MaTeMaTvKa Ta CTATHCTHKA

OcBiTHBO-HayKOBa Mporpama 3i creniaJabHOCTI: 38612 Ipuknagua matemaruka (113 Tlpuknazgua

MaTeMaTHKa)

Jdarta 3axmCTy: 22-12-2023
CreniaJbHICTh 32 OCBITO¥O: CTaTHCTHKA
Micue po6oTu 3400yBayva:

Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma ByracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIndp cneuniasnizoBaHoOi BY€HOI pasu (Pa3oBoi cIeniaaizoBaHoi BYeHO1 pagu):. 1d 76.051.037 (ID
2714)

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0C00H: UepHiBellbKuil HallioHa/IbHUIA yHiIBEpCUTET imeHi FOpis

denpkoBUYa

Kopg 3a €IPIIOY: 02071240

Micue3HaxoaKeHHS: ByJ1. Kouto6uHcekoro, 6ya. 2, YepHisii, 58012, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: UepHiBellbkuil HallioHa/IbHUIT yHiIBEpCUTET imeHi FOpis
denproBrYa

Kopg 3a €IPIIOY: 02071240

Micue3HaxoaKeHHS: ByJ1. Kouto6uHcbKoro, 6ya. 2, YepHisii, 58012, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo aucepTaiiiio
MoBga guceprTaliiii: Vkpaincbka
Koau TemaTHYHHUX PyOPHK: 27.43.17, 83.77.23, 83.77.29, 83.77.31, 27.43.15

Tema gucepranii:
1. OuiHky mapameTpiB aBTOPETrPECITHUX MOJIEJIEN

2. Autoregressive models parameters estimations

Pedepar:

1. Incepraniiina po60oTa IpUCBIYeHa 3HAXOIKEHHIO BifiIcTaHe!l MK BUMipIOBaHHSIMU JAaHUX, SIKi [Ipe[iCTaBIeHi
YaCOBMMHU PSLAMU, Ta BUBHAYEHHIO ONTUMAaJIbHOI KiJIbKOCTI KJIACTEPiB HA OCHOBI BJIaCHUX 3HAY€Hb CTOXACTUYHOI
marpuui rpada. JucepTanisi CKIafaeTbCs i3 BCTYIY, TPbOX PO3[ijliB, BUCHOBKIB Ta N1€PEJiKy BUKOPUCTAaHUX JKepeJl.
Y BCTymi OGTPYHTOBAHO aKTyasIbHICTh TEMU NOCJIIKEHHS, C(POPMYJIbOBAHO METY, 3aBIAHHS, IPEMET, 00'€KT Ta
METO[IY LOCJiIKEeHHs, BKa3aHO HAayKOBY HOBU3HY, [IPAaKTUYHE 3HAYEHHS OTPUMAHUX Pe3yJbTaTiB, 3B'130K poOOTH 3
HayKOBUMM [IOCJIiIPDKEHHSIMU Ta OCOOUCTUI BHECOK 37100yBaya, a Tako>XX HaBeleHO JaHi Npo Te, [e [ONOBiAaINCh,
06roBOPIOBANMCH Ta Oy OIy0JIiIKOBaHI OCHOBHI pe3ysIbTaTy gucepTallii. ¥ nepumomy po3aisi 34iiiCHEHO OIS
HayKOBOI JIiTepaTypH, IPHUCBSIYEHOI LOCTIIPKEHHIO YaCOBUX PSTIiB, 30KpeMa, BU3HAYEHHIO METPUK MOIOHOCTI MixK

4aCOBMMU PSJIaMU Ta MiIXOIU O KIacTepu3alii JaHuX, gKi IPeICTaBleH] y BUTJIl HECTPYKTYPOBAHUX TUIIIB



JaHuX. [leTasbHO [IpOaHai30BaHO XPOHOJIOTiI0 PO3BUTKY HayKOBUX IiNIXOIB 0 33724 KiacTepusalii, kinacudikariii,
3MEHIIEHHs] PO3MIPHOCT] 4acoBuX psaiB. Po3nin 1 Binobpaskae 3arasbHUM OIJIs PO3BUTKY HayKOBUX JOCIiIKEHb
IIpU [OCJIiIP)KeHH] YacoBUX PsAiB Ta iCHYIOUi METPUKH JJ1s1 BCTAHOBJIEHHS ITOAIGHOCTI MK 4yacoBUMHU psigamu. Tyt
HaBeJIEHO METOU AOCIiIPKEHHS] CTPYKTYPHHUX CTPUOKIB y 4aCOBUX PSIax Ta 3p0OOJIEHO OIJIsif, HAYKOBUX
IOCJIiIPKEHB, 5IKi CTOCYIOThCSI HEIIEPEPBHUX YaCOBUX PsifiiB. Bubip onTuMasnbHOI KiJIbKOCTI KJIacTepiB py MO
IAHWX Ha TPYIU TaKOX IIPeJCTaBIeHo y po3aisi 1. Y npyromy pospisi 3anpornoHOBaHO BU3HAYaTH N10Ji6HICT 260
BiZICTaHb Mi’K YaCOBMMM PSJaMU 32 JOTIOMOTOI0 MOeJiel YaCOBUX PsZiB. 3alpOIIOHOBAHUII aJITOPUTM [1J1s1
BCTAHOBJIEHHS NOJiOHOCTI ABOX HAOOPiB IaHUX BUKOPUCTOBYE MapaMeTpu MO, a He camMi BUMIpIOBaHHSL. Y
SIKOCTi MOZ,€JIe YaCOBUX PSJiB PO3IJISIHYTO cTalioHapHi ARMA mogeni. OTpuMaHuUii aifOPUTM TIOPIBHIOETLCS 3 yKe
iCHylIOUMMHU METPUKaMU 3HaxOJ)KEHHS BificTaHell y BUNIAJKYy 36i/1blIIeHHS] BUMiPIOBaHb 4aCOBOI'O PSAy Ta Y BUMATKY
3POCTaHHS KiJIbKOCTi BUKUIIB Y BXiTHOMY 4aCOBOMY psifii. OTpUMaHMil aJITOPUTM Ma€ MEHIIY 00YUCIIOBAIbHY
CKJIaAHICTh, HiK anroputMu EBkiiga, DTW ta ERP. 3anporoHoBany BiCcTaHb MOKHA BUKOPUCTOBYBATH [1J11
KJlacTepusallii CUJIbHO 3alllyMJIEHUX JaHUX. HayKoBYy HOBHU3HY BUCHOBKIB, 3p00JIEHMX Ha OCHOBI OTPUMAaHUX Y
IpYyromy po3fijii pe3ysbTaTiB, PO3KPUBAIOTh TaKi MOJIOKEHH: ONIMCaHO aJITOPUTM [J151 3HAXOIPKEHHS BiICTaHi MK
4aCOBMMHU PsilaMU Ha OCHOBI MOZieJiell yacoBUX psfiB. OTpruMaHa BiiCTaHb € 6iIblI CTIMKOIO 10 BUKUIIB Y YaCOBUX
psanax. Y BUManKy 30i1bLIIeHHS KiJIbKOCTI BUKUIB 3aIIPOIIOHOBAHUI Y AUCEPTALiiHOMY AOCIIIPKEHH] aJlrOpUTM A€
Kpalli pe3ysbTaTy (BifHOCHA TOoXU6Ka 3pocTae jorapudmiyHo), Hixk aHasoriyHi anroputmu (EBKinoBa BifiCTaHb,
ERP, DTW) 1715 3HaXxoykKeHHs BiiCTaHi MK Y4aCOBUMU psAflaMU (BifHOCHA MTOXUOKA 3POCTAE JIiHIIHO).
3arporOHOBaHMI METO/I, 3HAXOIKEHHS BifiCTaHi MIXK BUMIPIOBAHHSAMM YaCOBOTO DALY Aa€ Kpallli pe3ysIbTaTy [jis
BEJIMKUX YaCOBUX PSITIiB, KOJU KijibKicTh BuMiptoBaHb T >1000. JJo TOro sk 064nCiioBasbHa CKIAIHICTh OTPUMaHOTO
JITOPUTMY € MEHIIOIO 33 064U CII0BAJIbHY CKJIAHICTDb YK€ iCHYIOUMX aJITOPUTMIB. Y TPETbOMY PO3[ijli PO3IJISIHYTO
npobsieMy KjacTepu3allii Ha rpadax Ha OCHOBI BJIaCHUX 3Ha4Y€Hb CTOXaCTUYHOI MaTpuLi rpada. JJoseneHo, mo
BJIACHI 3HaY€HHS CTOXaCTUYHOI MaTpuLi ajis Besnukux rpadis (N >100) noninsioTbcs HA TpU IPYIIN, OJHA i3 SIKUX €
BM3HAYaJIbHOIO [1J1 YMCa KaacTepiB y rpadi. BukopucToByoun Teopiio BUNaIKOBUX MAaTpUllb, BIas0Cs OKa3aTy,
110 ACMMIITOTUYHMN PO3IOLLI NiArPYNY AiCHUX YaCTHH BJIACHUX 3HAY€Hb CTOXACTUYHOI MaTpulli rpady
OIMCYETHCS HAMIBKOJIOBUM PO3MOZinoM BirHepa. BUKOpUCTaHHS CTOXaCTUYHUX MaTPUIlb 1aJI0 3MOTY TOYHO
JIOKasizyBaTH BJlaCcHi 3HaY€HHS, 110 BiJI[IOBiAAIOTh 32 KiJIbKICTh KJIaCTEPiB, 4Or0 He BAABaI0Cs 3pOOUTH /11 MaTpULlb
CcyMiHOCTi. OCHOBHI IpUNYIIEHHSI MOZEJ MOB's13aHi 3 BJIACTUBOCTSIMU JIUCKPETHUX JIAHIIIOTiB MapKoBa, 1110
IO3BOJISIE PO3MUPUTH 06JIACTh 3ACTOCYBaHHS OTPMMAHUX PE3YyJIbTATiB Ha GiJIbIl IIMPOKUH KJ1ac 06'€KTiB.
TeopeTuyHi pe3ysbTaTy NepeBipeHi Ha KIacTepu3alii 4acoBUX PsLiB,mo onucyoTh BapTocTi N = 470 axnint S&P500
B niepiof 3 2013 no 2018 poky. HaykoBy HOBU3HY BUCHOBKIB, 3p0O0JIEHUX Ha OCHOBI OTPMMAaHUX y TPETbOMY PO31iJi
Pe3yJbTaTiB, PO3KPUBAIOTh TaKi IIOJIOKEHHS: Y pOOOTi 3alPOIIOHOBAHO HOBUY METOJ], BUBHAUYEHHSI ONTUMAJIbHOI
KiJIBKOCTi KJIaCTePiB IIpy KJlacTepusalii 06'eKTiB, 0 3aaI0ThCSl HECTPYKTYPOBaHUMU JaHUMU (rpadamu Ta
YacOBMMHU PsiJaMU) Ha OCHOBI CIIEKTPaJIbHOTO aHasli3y CTOXaCTUYHOI MaTpulli JaHoro rpady. BukopucrtoByiouu
MmeToJ, MoHTe-Kapsio, BAanocs 1okasaTH, 1110 3allpOIIOHOBAHUI METOJ Ja€ Kpallli pe3yJIbTaTH [ BU3HAYEHHS

OIITVMMAaJIbHOI KJILKOCTI KJIaCTEPIB y MOPIBHAHHI 13 IEIKUMU 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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