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1. ,HOCJ]i,IL)I(eHHH CTATUCTUYHUX XaPAKTEPUCTHUK CKIIAOHUX MEPEXK METOAMNU iHTeJ’IeKTya.T[bHOFO aHaJIiSy JaHNX

2. The Study of Statistical Characteristics of Complex Networks by Methods of Intelligent Data Analysis

Pedepar:

1. Incepraujiiina po60Ta IpUCBIYeHa JOCiIKEHHIO CTATUCTUYHUX XapaKTePUCTUK CKJIAIHUX MEPEX Ta KJIaCTepPHOI
CTPYKTYpHU B€O-TIPOCTOPY 3 BUKOPUCTAHHSIM METO/IiB iHTE€JIEKTYaJIbHOTO aHaJli3y JaHUX, 30KpeMa po3pooLii
indopmaniitHoi TexHoIorii 17151 KIacTepu3alii JaHUX BEJIMKOTO PO3Mipy, sIKi 6ysu 3i6paHi 1 06po6JIeHi CrelialbHO
CTBOPEHUM IMPOrPaMHUM 3abe3neyeHHsIM. TaKoK BUBYEHO CTOXAaCTUYHI MaTPULL, sIKi 3aBASIKY OCOOIMBOCTSIM CBOIX
CIIEKTPJIbHUX BJIACTUBOCTEN € OCHOBHUM MaT€MaTUYHUM O0’€KTOM IpH JOCJiIPKEHH] KJIaCTEPHOi CTPYKTYpH Be6-

npocTopy. lucepTais CKIafaeTbCs 3i BCTYIY, YOTUPbOX PO3/iJiB, BUCHOBKIB, IE€PEJKY BUKOPUCTAHUX IPKEPEJT Ta



IOAATKIB. Y BCTYIi OGI'PYHTOBAHO aKTyaJbHICTh JOCTIIKEHHS, C(OOPMYJIbOBAHO METY, 3aBLaHHS, IPEIMET, 00'€KT Ta
METOAM NOCIIJI)KEHHS, BKa3aHO HAayKOBY HOBU3HY, TEOPETUYHE Ta MPAKTUYHE 3HAYEHHS OTPUMAHUX PE3yJIbTaTiB,
IIPOaHaJli30BaHO 3B'sI30K POOOTU 3 HAYKOBUMU TEMaMU. 3a3HaY€HO OCOOUCTUI BHECOK 3[100yBaya, a TaKOX
HaBeJIEHO BiZJOMOCTI IIPO anpobaliilo Ta my6Jlikallii OCHOBHUX pe3yJIbTaTiB guceprauii. [lepmuil po3nisn MiCTUTD
KJII0YOBi BilOMOCTI 3 T€Opii CKIaLHUX MEPEXK, ONIMC OCHOBHUX HAIPSIMIB IOCIIIKEHD TA 3aBAAHHS, IKUMU
3aliMaeThCs Teopisl CKIagHUX MepesX. [IpoBeneHo orisy, Ta onyc oCHOBHUX Mogenelt (Eppomma-PeHi,
Yarrca-Crporauga, bapa6ami-Ans6ept). PO3IJIsSIHYTO Ta MpoaHali30BaHO MPUKIIALY PEAIbHUX CKIAIHUX MEPEX Ta ixX
0COO6JIMBOCTI 3M1iliCHEHO K1acu@iKallilo Ta OTJIs METOIB OJHi€l 3 BasKJIMBUX TEXHIK iHTEJIEKTyaJIbHOTO aHai3y
CKJIQJHUX MEPEX — KJIACTEPHOrO aHali3y. Y Ipyromy po3fiji IUCepTaliHOTO HOCTiIKEHHS ONIMCAHO KOHIETIIi0
KPOYJIHTY SIK OHOTO i3 3ac06iB 30MpaHHs iH(popmallii, IpoBeeHO OrJIsf, iCHYIOUMX ITPOrpaMHUX 3ac0o6iB 1151
36upaHH4 iH(popmalii y Be6-nmpocTopi. [Ipyruii po3zin Mae NpuKiIagHe 3Ha4€HHs, OCHOBHMM HOTO Pe3yJIbTaTOM €
po3pobJieHe crierjianizoBaHe IporpaMHe 3abe3redyeHHs — KpoyJsep 3 BOyJOBaHMM aHAJIITUMHUM MOJYJIEM ISl
iHTeseKkTyanbHOI 06po6Ky iHpopmalii. TpeTiit po3in nprucBsiYeHU NOCiIP)KEHHIO OCBITHIX CEeIMEHTIB Be0-
npocTopy (yKkpaiHcbkoro (edu.ua), ispainbebkoro (ac.il) Ta nossebpkoro (edu.pl), inpopmaris npo siki 6ysa 3ibpaHa Ta
00po0bJIeHa 32 IOITIOMOT0I0 CaMOCTIMHO po3po6eHoi iHOopMaliliHOI TeXHOJIOTIi. 3aCTOCYBaHHS AAaHOI pO3POOKU
IO3BOJIMJIO OTPUMATH CTATUCTUYHI XapaKTePUCTUKU Ta KJIaCTePHY CTPYKTYPY BKa3aHUX BUILIE CEIMEHTIB BeO-
IIPOCTOPY Ta 37iICHUTY NOPIBHSJIBHUM aHai3. Y 4eTBEPTOMY PO3/iji po3IyIsIHYyTO NUTaHH KiacTepusallii B rpadi
Ha OCHOBIi MaTpulli CyMbKHOCTI. OCHOBHMM O0'€KTOM JOCJIIPKEHHSI € CTOXAaCTUYHA MaTpuL, 10 3a/1a€ MMOBIPHOCTI
nepexopy Ha rpadi Ta BUBHAYA€ETHCA i3 MAaTPULi CYMIPKHOCTI. Y pO3/iJi IpOaHasi30BaHO CIEKTPaJIbHi BIaCTUBOCTI
CTOXaCTUYHOI MaTpuLli i3 BpaxyBaHHSIM KJlaCTepHOI CTPYKTypu rpady. OCHOBHI TEOPETHYHI Pe3y/bTaTy PO3Liny
HACTYIIHI: 0BeJeHO (aKT 300KHOCTI BJIaCHUX 3HaYeHb MaTpulli P 32 yMOB, HaKJIaIeHUX Ha €JIEMEHTU MaTpHULli
CYMIXKHOCTI A (TeopeMa 4.3.1); BcTaHOBJIeHUH (aKT IIPO aCUMITOTUYHY €KBiBaJIEHTHICTb CIIEKTPiB MaTPULb T
I03BOJIsIE BUKOPUCTOBYBATH CTOXaCTUYHY MaTPHULIO i3 HE3aJIEXXKHMMU €JIEMEHTaMU 3aMiCTb BiATIOBiIHOI
CTOXaCTUYHOI MaTpuli P, esleMeHTH 5IKOi He € He3ayle>XKHUMU (Jiema 4.4.1); po3TisiHyTO YaCTUHHUM MifXif, [0 OLiHKA
po3Iominy eJeMeHTiB MaTpuLli P 32 yMOBM IOKa3HUKOBOTO PO3IOAiNYy €JIEeMEHTIB MaTpuli A (iemax 4.5.1 ta 4.5.2).
Po3po61eHO HOBUIT AITOPUTM I1€PEBIPKU HAJIEIKHOCTI €JIEMEHTIB (BE€PIIMH rpady) 10 OAHOTO KJIaACTepy;
11o0yJ0BaHO KpUTEPIil OL[iHKYM ONTUMAaJIbHOI KiIbKOCTi Ki1acTepiB k_opt. Ha ocHoBi MeTony MonTe-Kapiio
IIPOBEJEHO IOPiBHSHHS PO3PO0JIEHOr0 METOY OLIIHKM KiJIBKOCTI KJIaCTEPIB i3 JEeSIKMMU KJIACUYHUMU aJITOPUTMaMU,
B Pe3YJIbTaTi YOro BCTAHOBJIEHO PSIJ, IOT0O NIepeBar Ta HeMloJiKiB. Y BUCHOBKAX MiICYMOBAaHO OCHOBHI Pe3yJIbTaTH
IVCepPTaLifHOro AOCIIIpKeHHs. Y foaTKax [I0J4aHo HAayKOBi Mmy6Jlikauii, BiZoMOCTi IIpo anpobariiio pe3yJibTaTiB
nuceprauii. TeopeTnyHe 3HaueHHs. Pe3ybTaTy TEOPETUYHMX JOCIIIPKEHb, @ caMme PO3BUTKY Teopii rpadosux
IocigXeHb, CGOPMYJIbOBaHi Ta JOBEAEHI IEMU i TEOPEMU, MOXYTb BUKOPUCTOBYBATUCS IJ1s1 IOJAJIbIINX
IOCJIZIPKEHbD Y Ll rajlysi, a TakoX y HaB4aJIbHUX Kypcax Kadeap MaTeMaTUYHUX IPOGJIEM YIIPaBIliHHA i
KiGepHEeTHKU Ta IPOrpaMHOro 3abe3nedeHHs KOMITIOTEPHUX cucTeM UepHiBelbKOro HallioHaJIbHOTO YHIBEPCUTETY
imeni IOpisa ®enpkoBrya (Ta iHmmx 3BO), N0B's13aHUX 3 IHTEJIEKTYaJIbHUM aHAJi30M JaHUX, METOJUYHUX PO3POOKaAX,
HaBYaJIbHUX MOCIGHUKAX JJ151 OCBITHBOT'O MPOLIECY Ta HAYKOBO-AOCIiTHOI pOOOTH CTyAEHTIB, actipaHTiB. [IpakTuyHe
3HaueHHs. Po3pobiieHi y nucepTaniiiHiil poboTi KpoyJiep, iHpopmaniiiHa TEXHOJIOTIS Ta METO, BUSHAUYEHHS
ONITVMMAaJIbHOI KIJILKOCTi KJIaCTE€PiB MOKYTh B ITOLAJIBIIOMY BUKOPUCTOBYBATUCS IJ151 TPAKTUYHOTO TOCJiIKEHHS
CKJIAJHAX MEPEX. 3alpONOHOBAHi MiX0AU, PE3yJIbTaTh BUKOPUCTOBYIOTbCS KOMIIaHiIMU «KBaHT A3MMyT» Ta
«Qlicks B.V.». Kyt040Bi cj10Ba: Mozesb (MaTeMaTH4Ha, EKOHOMIUHA), MOJIeTIOBAHHS, TMHAMIKA, iIHTeIeKTyaJIbHUN
aHasli3 JaHux, kiacrepusauis, k-means, iHpopmaliiiiHa cucrema, iHpopmaliiiina TEXHOJIOTis, iHTeIeKTyaJIbHa
CHCTEMA, TpOrpaMHe 3a6e31e4eHHs, TECTYBAaHHS [IPOrPaMHOro 3a6e3Me4eHH s, PiBHi TeCTyBaHHS IPOrPaMHOr0
3abesnevyeHHs, crenudikallis BUMOT 10 IPOrpaMHOro 3abe3nedeHHs], QyHKLiOHaIbHI Ta He(PyHKLiOHAIbHI BUMOTU

IIO TIPOTPaMHOTO 3a6e3rneYeHHs], CTATUCTUYHI MeTOH.

2. The dissertation deals with the study of statistical characteristics of complex networks and the cluster structure
of the web space using methods of intelligent data analysis, in particular, the development of information
technology for the clustering of large data, which were collected and processed by specially created software. In
addition, stochastic matrices have been studied, which, due to their specific spectral properties, are the main



mathematical object in the study of the cluster structure of the web space. The dissertation contains an
introduction, four chapters, conclusions, a list of literature, and appendices. The introduction substantiates the
relevance of the research topic, formulates the goal, task, subject, object and research methods; indicates the
scientific novelty, theoretical and practical significance of the obtained results; presents and analyzes the link
between the current research and scientific topics. The personal contribution of the candidate, as well as
information about the approval and publication of the main results of the research are shown. Chapter 1 contains
key information on the theory of complex networks, a description of the main areas of research and tasks that the
theory of complex networks deals with. An overview and description of the main models (the Erd6s-Rényi, Watts-
Strogatz, Barabasi-Albert models) are provided. The methods of cluster analysis, an important technique of
intellectual analysis of complex networks, are classified and reviewed. Chapter 2 of the dissertation describes the
concept of crawling as one of the means of gathering information, and provides an overview of existing software
tools for collecting information in the web space. Chapter 2 has a practical value; its main result is the developed
specialized software - a crawler with a built-in analytical module for intelligent information processing. Chapter 3
deals with the study of following educational segments of the web space: Ukrainian (edu.ua), Israeli (ac.il) and
Polish (edu.pl). The information on these segments was collected and processed using a personally developed
information technology. The application of this development enables to obtain the statistical characteristics and
cluster structure of the above-mentioned segments of the web space and to carry out a comparative analysis.
Chapter 4 deals with the issue of clustering in a graph based on the adjacency matrix. The main object of research
is the stochastic matrix, which specifies the transition probabilities on the graph and is determined from the
adjacency matrix. In this chapter, the spectral properties of the stochastic matrix are analyzed, taking into account
the cluster structure of the graph. The main theoretical results of this chapter are follows: the fact of the
convergence of the eigenvalues of the matrix P under the conditions imposed on the elements of the adjacency
matrix A is proved (theorem 4.3.1); the established fact about the asymptotic equivalence of the spectra of the
matrices and allows using a stochastic matrix with independent elements instead of the corresponding stochastic
matrix P, the elements of which are not independent (lemma 4.4.1); a partial approach to the estimation of the
distribution of the elements of matrix P is considered under the condition of the indicative distribution of matrix A
elements (lemmas 4.5.1 and 4.5.2). A new algorithm has been developed for checking whether elements (graph
vertices) belong to one cluster. a criterion for estimating the optimal number of clusters k_opt is built. . On the
basis of the Monte Carlo method, a comparison of the developed method for estimating the number of clusters
with some classical algorithms was carried out. The main results of the dissertation research are summarized in
the conclusions. The appendices present scientific publications, information on the approval of the results of the
dissertation. Theoretical significance. The results of theoretical research, namely the development of the theory of
graph research, formulated and proven lemmas and theorems, can be used for further research in this field. They
can also be applied in the educational courses in Yuriy Fedkovych Chernivtsi National University, related to
teaching aids for the educational process and research. Practical significance. The crawler, information
technology, and method for determining the optimal number of clusters developed in the dissertation can be used
for further practical research of complex networks. The proposed approaches are used by the companies "Kvant
Azimuth" and "Qlicks B.V.". Keywords: model (mathematical, economic), simulation, dynamics, intelligent data
analysis, clustering, k-means, information system, information technology, intelligent system, software, software
testing, software testing levels, specification of software requirements, functional and non-functional software
requirements, statistical methods.
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