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

Pedepar:

1. Inceprauiiina po60Ta NPUCBSIYEHA JOCTIIKEHHIO CTATUCTUYHUX XapaKTePUCTUK CKIIAAHUX MEPEeX Ta KIaCTePHOI
CTPYKTYpHY B€O-TIPOCTOPY 3 BUKOPUCTAHHSIM METO/IiB iHTeJIeKTYaJIbHOTO aHali3y JaHUX, 30KpeMa po3pooLii
iHopmaiitHoi TexHOIOrii AJ1 KIacTepu3aallii JaHUX BEJIMKOTo po3Mipy, siki 6ysu 3ibpaHi i1 06pobJieHi criewiaJbHO
CTBOPEHUM MPOTpaMHUM 3abe3nedeHHIM. TakoX BUBUEHO CTOXAaCTUYHI MaTpHuLli, 5IKi 3aBASIKA OCOOJIMBOCTSIM CBOIX
CIEKTpaJIbHUX BJIACTUBOCTEN € OCHOBHMM MAaT€MATUYHUM O0'€KTOM ITPU JOCJIiIPKEHHI KIIACTEPHOI CTPYKTYPU Be6-
npocrtopy. Juceprauis CKIagaeTbCs 3i BCTYIY, YOTUPbOX PO3[ijliB, BUCHOBKIB, [IEPEJIIKYy BUKOPUCTAHUX JIKEPEJI Ta
IOJATKIB. Y BCTYIi OGI'PYHTOBAHO aKTyaJbHICTh JOCIIXEHHS, COOPMYJILOBAHO METY, 3aBLAHHS, IPEIMET, 00'€KT Ta
METOIY OOCJIIPKEHHS, BKA3aHO HAaYKOBY HOBM3HY, TEOPETUYHE Ta MPAKTUYHE 3HAYEHHS OTPUMAHUX PE3YJIbTATIB,

IIPOaHaJIi30BaHO 3B'SI30K POOOTU 3 HAYKOBUMU TeMaMU. 3a3Ha4Y€HO OCOOUCTUI BHECOK 3[100yBaya, a TaKOX



HaBeJIEHO BiJOMOCTI IIPO anpoballilo Ta my6Jlikallii OCHOBHUX pe3yJIbTaTiB guceprauii. [lepmuil po3nisn MiCTUTb
KJII0YOBi BilOMOCTI 3 TeOpii CKIagHUX MEPE3K, OIIMC OCHOBHUX HAIPSIMIB IOCII>)KEHDb Ta 3aBAAHHS, IKUMU
3alIMa€eThCS TEOPisl CKIaIHUX Mepex. [IpoBeneHo orJisy Ta onuc OCHOBHUX Mofenelt (Eppoma-Peni,
Yarrca-Crporauga, bapa6ami-Ans6epr). PO3IJISIHYTO Ta MpOaHali30BaHO MPUKIIALY PeaIbHUX CKIAHUX MEPEX Ta ix
ocobamBoCTi 3nificHeHo kinacudikaliio Ta Orja] MeTOAiB O/iHi€el 3 BaXKJIMBUX TEXHIK iHTEJIEKTyalbHOTO aHai3y
CKJIQJHUX MEPEX — KJIACTEPHOrO aHali3y. Y Ipyromy po3fiji IUCepTaliiHOro SOCTiIKEHHS ONMCAHO KOHIEIII0
KPOYJIHTY SIK OZHOTO i3 3ac006iB 30MpaHHs iH(popMmallii, IpoBeEeHO OIJIsf, iCHYIOUMX [TPOrPaMHUX 3ac06iB 1151
36upaHHs iHpopmauii y Be6-mipocTopi. [Ipyruii po3zin Mae npukiiagHe 3Ha4e€HHS,, OCHOBHUM HOTO Pe3yJIbTATOM €
po3pobJieHe crieljianizoBaHe IporpaMHe 3abe3ledyeHHs! — KpoyJsep 3 BOyJOBaHMM aHAJIITUMHUM MOJIYJIEM ISl
iHTeseKkTyanbHOi 06po6KY iHpopmalii. TpeTiil po3ia NprUcBsiYeHUI NOCiIP)KEHHIO OCBITHIX CEIMEHTIB BE0-
pocTopy (yKpaiHcbkoro (edu.ua), ispainbebkoro (ac.il) Ta nossepkoro (edu.pl), inpopmanis npo ski 6ysa 3ibpaHa Ta
06po6eHa 3a JOIOMOI0I0 CAMOCTINHO po3pobiieHoi iHdopMaliiiHOI TexHOJIoTil. 3aCTOCYBaHHS JaHOI pO3POOKU
IO3BOJIMJIO OTPUMATH CTATUCTUYHI XapaKTePUCTUKU Ta KJIAaCTEPHY CTPYKTYPY BKa3aHUX BUIIE CEIMEHTIB BeO-
IIPOCTOPY Ta 3LiMICHUTY NOPIiBHSAJIBHUM aHali3. Y 4eTBEPTOMY PO3/iji po3IJIsIHYyTO NUTaHHS KiacTepusalii B rpadi
Ha OCHOBi MaTpulli cyMbKHOCTI. OCHOBHUM O6'€KTOM JIOCIIIIPKEHHS € CTOXaCTUYHA MaTpULS, O 33/1a€ MMOBIpHOCTI
nepexopy Ha rpadi Ta BUSHa4aeThCs i3 MaTpuLli CyMDKHOCTI. V po3isii mpoaHasizoBaHO CIIEKTPaJibHi BIaCTUBOCTI
CTOXaCTUYHOI MaTpulli i3 BpaxyBaHHSIM KJIaCTePHOI CTPYKTypu rpady. OCHOBHI TEOPETHYHI Pe3y/bTaTy PO3Liny
HACTYIIHI: [OBeJEeHO (aKT 300KHOCTI BJIaCHUX 3HaY€Hb MaTpuli P 32 yMOB, HaKJIaIEHUX Ha €JIEMEHTU MaTPHULIi
CyMDKHOCTI A (TeopeMa 4.3.1); BCTaHOBIEHMI (aKT [P0 aCUMIITOTUYHY €KBiBaJIEHTHICTb CIIEKTPiB MaTpUllb Ta
II03BOJIsIE BUKOPUCTOBYBATH CTOXaCTUYHY MaTPULIO i3 HE3aJIEXKHMMU €JIEMEHTAMU 3aMiCTh BiIIOBiIHOI
CTOXaCTUYHOI MaTpulli P, e1eMeHTH 5IKOi He € He3a/IeXKHUMU (Jiema 4.4.1); po3TysiHyTO YaCTUHHUM MifXif, [0 OLiHKA
PO3MOiy eIeMEHTIB MaTpuli P 32 yMOBU IOKa3HMKOBOTO PO3INOiNy eJleMeHTiB MaTpuli A (iemax 4.5.1 ta 4.5.2).
Po3po6s1eHO HOBUI aJITOPUTM E€PEBIPKU HaJIESKHOCTI eJIEeMEHTIB (BepIIrH rpady) 10 OLHOr0 KIacTepy;
11o6y0BaHO KpPUTEPIil OL[iHKM ONTUMAaJIbHOI KiIbKOCTi Kiactepis k_opt. Ha ocHoBi MeTony MoHTe-Kapiio
IIPOBEJEHO MOPiBHSHHS PO3PO0JIEHOr0 METOY OLIIHKM KiJIbKOCTI KJIaCTEPIB i3 NEeSIKMMU KJIACUYHUMU aJITOPUTMaMU,
B PE€3YJIbTATi YOro BCTAHOBJIEHO P, MIOT0 II€PEBAr Ta HEMNOJIIKIB. Y BUCHOBKAX IiICYMOBAHO OCHOBHI PE3YJIbTATH
IYiCepTalifHOro AOCIiIpKeHHs. Y foaTKax [104aHo HayKoBi My6Jlikalii, BifoMOCTi IIpo anpobaliilo pe3yJbTaTiB
nuceprauii. TeopeTnyHe 3Hau€HHs. Pe3ybTaTy TEOPETUYHUX AOCIIIPKEHb, @ CaMme PO3BUTKY Teopii rpadposux
IoCTimKeHb, cOOPMYJIbOBaHI Ta JOBEJEHI JIEeMU i TEOPEMU, MOXXYTb BUKOPUCTOBYBATUCS IJIs1 MOJAJIBIINX
IOCJIiIKeHb Y LIiif rajysi, a TakoXK y HaBYaJbHUX Kypcax Kadenp MaTeMaTUYHUX ITPOGJIeM YIIpaBiIiHHA i
KiGepHETHKHU Ta IPOrpaMHOro 3a6e3nedeHHs] KOMITIOTEPHUX cUCcTeM UepHiBelbKOro HallioOHaJIbHOTO YHIBEPCUTETY
imeni IOpis @enproBuya (Ta iHmux 3BO), N0B's13aHUX 3 iHTEJIEKTyaIbHUM aHaJIi30M JaHUX, METOIUYHUX PO3POOKaX,
HaBYaJIbHUX NOCIOHMKAX /1J11 OCBITHBOTO IIPOLIECY Ta HAYKOBO-IOCIiHOI POGOTH CTY[EHTIB, acipaHTiB. [IpakTuyHe
3HaueHHs. Po3pobiieHi y nucepTaniiiHiil po6oTi KpoyJep, iHpopmalliiiHa TEXHOJIOTIS Ta METO], BUBHAUYEHHS
ONTUMAJIbHOI KiJIbKOCTi KJIaCTE€PiB MOXKYTb B II0[1aJIbIIOMY BUKOPHUCTOBYBATUCS /111 TPAKTUYHOTO JOCJIiIKEHHS
CKJIQJHUX MEPeX. 3arpoIroHOBaHi NiIX0U, Pe3yJIbTaTh BUKOPUCTOBYIOTbCS KOMIIaHiIMU «KBaHT A3UMyT» Ta
«Qlicks B.V.». Kyt040Bi cj10Ba: Mozesb (MaTeMaTH4Ha, EKOHOMIUHA), MOJIe/IIOBAHHS, JMHAMIKA, IHTeIeKTyaJIbHUN
aHasli3 JaHux, kiacrepusauis, k-means, iHpopmaliiiiHa cucrema, iHpopmaliiiina TEXHOJIOTiS, iHTeIeKTyabHa
CHCTEMa, TpOrpaMHe 3a6e3Me4eHHs, TECTYBAaHHS [IPOrPaMHOro 3a0e3Me4eHH s, PiBHi TeCTyBaHHS IPOrPaMHOr0
3abe3nedyeHHs, crenndikalis BUMOT 4O IIPOrpaMHOro 3abesneyeHHs], QyHKIiOHAIbHI Ta HeDYHKIiOHAIbHI BUMOTU

IIO TIPOTPaMHOTO 3a6e3reYeHHs], CTATUCTUYHI MeTO!.

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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