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Tywuy A.M. Metonrka noOy0BH 1HTEIEKTyaIbHOT CUCTEMH aHalli3y JaHUX Ha
OCHOBI HelpoHHUX Mepexk. — KBamidikariiina HaykoBa mpalisd Ha MpaBax pyKOMHCY.

Huceprariss Ha 3700yTTS HAyKOBOTO CTymneHs JoKTopa ¢urocodii 3a
crieriayibHIcTIO 123 — KOMIT'IOTepHa 1HXKeHepis (Tainy3b 3HaHb 12 — iHdOpMaIiitHi
TexHosorii). — Jlep:kaBHMiI yHIBEpCHTET TelleKOMYHiKaliidi MiHicTepcTBa OCBITH 1
Hayku Ykpainu, Kuis, 2021.

HucepramiiiHa poO0oTa MPUCBAYEHA AaKTyaJlbHIN HAYKOBIM 3aj1adi po3poOKu
METOJMKH NMOOYIOBU IHTEJIEKTYaIbHOI CUCTEMH aHaJI3y JaHUX HA OCHOBI HEMPOHHUX
Mepex. TemaTuka gucepTanifHoro JOCI1HKEHHS BIANOBIIa€ THMYaCOBOMY CTaHIAPTY
Ta ()axOBUM KOMIIETEHTHOCTSM OCBITHbO-HAayKOBOI MPOrpaMH MiJTOTOBKU JTOKTOPIB
dbimocodii 3 KoM’ IOTEPHOI 1HX)eHepil JepKaBHOTO YHIBEPCUTETY TEJIEKOMYHIKAIliH
MiHictepcTBa OCBITHM 1 Hayku YKpaiHu, a came: (yHAaMEHTAIbHUM HayKOBUM
JOCTIKEHHSIM TEOPETHKO-METOIOJIOTIUHNX, HAYKOBO-METOJIWYHUX Ta MPHUKIATHUX
3acajl MIABUIICHHS €(QEKTUBHOCTI I1HHOBAIIHHOT Ta BUPOOHWUYOI MISIILHOCTI
HiAMPUEMCTBA, a TaKOX BIOCKOHAJICHHIO MPOIECY 3a0e3MeUYeHHs] BIPOBAIKECHHS
HOBITHIX 1H(GOpPMAIIITHUX TEXHOJIOT1H Ha 00’ €kTax 1HPOPMAIIIHHOT JISITBHOCTI.

Jlns1 3a0e31eueHHS 3aJJaHNX BUCOKUX BUMOT JIO KIJIBKICHUX 1 IKICHHX ITOKa3HUKIB
o0poOKku 1H(oOpMallii, MO € mnporecoM IHPOPMAIIHHOT B3aEMOMAIT TEXHOJOTTYHHUX
MpoIIeCiB  Cy4aCHUX MIANPUEMCTB 1  OpraHizaiii, HeoOXiJHa peami3allis
1HTENIEKTYaJIbHOI CUCTEMU aHaJi3y JaHUX.

J7is MOCSTHEHHS 1HOTO 3aBJaHHS HEOOXIHO CIIPOEKTYBAaTH TaKy CHCTEMY, sIKa
Oyze CTIWKOIO 0 BiIMOB, MAaTH MOKJIMBICTH /10 aBTOMAaTUYHOTO BiJHOBJICHHS, OyTH
0aliTy>kOI0 1O TOTpPAIITHHS 3allyMJICHUX [aHUX Ta TOKa3yBaTU pE3yJNbTaTH Yy
MPUITHATHOMY JUTsI KOPUCTYBaya BUTJISIII.

VY po6oTi mpoBeIeHO MOPIBHSUIBHUN aHa13 TEXHOJIOTH, K1 BUPIIIYIOTh 3aa4y

aHali3y HAKOMMYEHMX JaHUX, U0 OTPUMYIOTh MIANPUEMCTBA y MPOLECI CBOET



nistmeHOCTI. OHAK po3poOIi METOMIB 1 MporpaM I aHaji3y NaHuX, SKI MOXKYTb
11eHTU(iKyBaTH TOTEHIITHO KOPHUCHY, aje HesBHY iHopMallito, MPUALUIIEThCS HE
Oararo yBaru. OTpumaHHs 1i€i 1HQOpPMAIT MOXKE JAATH KUTTEBO BAXIMBUI IMITYJIbC
HAYKOBHM JIOCHIKCHHSIM B 1HIIMX oOnacTsx. Lleit HeTpuBianbHUN BUTAT HESIBHO,
paHilie HeB1JIOMOi 1 MOTEHIIIHHO KOPUCHOT 1H(dopMallii 3 BeIuKkuX 0a3 JaHUX BiAOMHI
SK THTEJIEKTYaJlbHUN aHaji3 JaHuX a00 BUSBIICHHS 3HAHb.

OpHa 3 BUMOT JI0 IHTEJIEKTYaIbHUX CHCTEM BUSBIICHHS 3HAHb — €(DEKTHUBHICTH 1
MacitaboBaHicTb. PoOoTa 3 nyxe BeIMKUMH 0a3aMu JaHUX BUMarae e(eKTHBHUX
aJTOPUTMIB, @ HETOYHICTh 1 YACTO HEMOBHOTA JAaHUX CTBOPIOE JI0JATKOBI MPOOJIeMHU
IIpY OTPUMAaHHI IPUXOBAaHMX 11a0J0HIB. HaBueHi HepOHHI Mepex1 3JaTHI FTeHEepyBaTH
MPUXOBaHI 3HAHHA 3 JJAHUX: CTBOPIOETHCS MOKJIMBICTh MPOTHO3YBAaHHS, KiIacudikairii
Ta poO3MI3HaBaHHA 00pa3iB, ajie iX JIOTIYHA CTPYKTypa 3 TPAAULIMHUM M1IXO0J0M
3JIMIIAETHCS IPUXOBAHOIO BiJl KOPUCTYBAya.

VY auceprariiiitiit po6oTi chopMyIHOBAaHO BUMOTH JIO CYYaCHUX CUCTEM aHaJi3y
JaHUX IS OOIPYHTYBaHHSI BHUOOPY MaTeMaTHYHOTO amapary sjpa aHaJiTUYHOI
CUCTEMHU, PO3POOJICHO HOBUI METO]I HEJIIHIMHOT HOpMaTi3allii JaHuX, SKUH MOJIsIrae y
MOCTYMNOBINA peaiizallii mepeTBOPEeHb HaJl JaHUMH 13 3MIHHUM THUIIOM HEJIHIHHOCTI,
JOCITIJIKEHO, K1 HEMPOHHI MEPEXi MaloTh IMepeBary HaJ TPATUIIAHUMU METOJaMHU
MaTEeMaTUYHOI CTAaTHUCTHKU Ta TEXHIYHOTO aHali3y JUisi BU3HAUEHOI 3a/iayi, oOpaHO
ONTUMAJIbBHY TOMOJIOTIIO 1 apamMeTpu oOpaHOi TEXHOJIOT1i, po3p00JIEHO HOBUM MiAX1]
70 SIBHOTO OTPUMAHHS TPAaBWJI BiJl HABYECHOI HEUPOHHOI MEPEXi, KU TOJATAE y
rpynyBaHHI BX1IHUX TapaMeTPIB Ta aKTUBHOCTI HEHPOHIB, PO3p0o0sIeHO 1H(DOpMAIIITHY
TEXHOJIOT1I0 BU3HAYEHHS MOIIYKY MPaBHI (PYHKIIOHYBaHHS JOCIII)KYBAHOTO 00’ €KTa
B SIBHIM (pOopMi HA OCHOBI OOPOOKH pAly EMIIPUYHUX JTaHUX 3a JOMOMOTO0 armapary
HEHPOHHOI MEpexi.

Memorw naHOi muceprallli € ONTHUMI3AIlis MPOIECY BUSBICHHS MPUXOBAHUX
3aKOHOMIPHOCTEH, IO MICTATHCS B 0a3ax JaHUX 3a JOMOMOIOI0 BJIOCKOHAJICHOI

METOJUKH OOPOOKHU JTaHHUX.



JIJist MOCSATHEHHS 111€1 MeTH HeOOX1THO BUPIIINUTHU TaKi 3a0aui:

1. Bu3HaunTy BUMOTHM [0 CyYaCHHX AQHAIITHYHUX CHCTEM, BHUXOMSYU 3
MPEICTABIICHUX BHUMOT, JII1 OOIPYHTYBaHHS BHOOpPY MaTEMaTHYHOIO amapary sjapa
AHATITUYHOI CHCTEMHU.

2. Po3po6utu Meto monepeaHL01 00pOOKU TaHUX, IO aHATI3YIOThCS.

3. [IpoBecTn AOCIIKEHHs] HA OCHOBI MTOOYI0BH aJITOPUTMY aHATI3y JIaHHX,

BUKOPHCTOBYIOUH 00paHy HEHPOMEPEKEBY TEXHOJIOTIIO.

4, OO6partu onTUMaIbHY TOMOJIOTIIO 1 TapaMeTpu 0OpaHOT TOIOJOTII.
5. Po3po6uTy anropuT™ BUSIBIICHHS 3HAHb B aHAJII30BAHUX JaHUX.
6. Po3pobutn mporpamHy peanizaiiio 1H(OOpPMaIItHOT TEXHOJOTIl IS

IMITAIiHHOT'O MO/ICITFOBAHHSI MPOIIECIB CHCTEMH.

Memoou oocnioxcenns. Pe3ynbTaTi NpOBEECHUX 1 IPEACTABICHUX B JUCEPTALlil
JOCIIJIKEHb OTPUMaHl 3 BUKOPHCTAaHHSIM METO/IB CHUCTEMHOIO aHali3zy, Teopii
1H(dopmarrii, Teopii KIMOBIPHOCTEH, METOAIB CTATUCTUYHOTO aHAJI3y, KOMOIHATOPUKH,
HEHPOMEPEKEBOI0 MOJIETIOBAHHS, KJIACTEPHOrO aHajizy, onTuMizalii, (hopmamizarii
Ta METO/I1B IMHAMIYHOTO MPOTPaMyBaHHS.

Hayxoesa nosusna oucepmauyii':

1. Brnepiie po3po6iieHO MeTon HENIHIMHOI HOopMami3aiii JaHuX, SKUAN
IPYHTYETHCS Ha TOCIIJOBHOMY BUKOHAHHI MEPETBOPEHBb 3MIHHOT'O TUITY HEIHIHHOCTI.

2. YI0CKOHAJIEHO  aNrOpuUTM  HaBYaHHS HEUPOHHOI  MeEpexi, SKHi
BIIPI3HAETBCSA BIJ ICHYIOUHMX 3aCTOCYBaHHSAM METOAYy 3aJaHHSA aJallTUBHUX
napameTpiB.

3. HalyB moianpioro po3BUTKY aJrOpPUTM BUSIBJIICHHS MPUHLHUIIB poOOTH
TECTOBOT CUCTEMH Ha HaBUYCHIN HEHPOHHIN MEpeXi, SIKUI BIAPIZHAETHCS BiJl ICHYIOUUX
rpynyBaHHSM BXIJHUX MapaMeTpiB 1 aKTUBHOCTI HEUPOHIB MEpexi.

4, Po3pobneno iHbopmariiitHy TEXHOJIOTII0 BU3HAYEHHS 3aKOHOMIPHOCTEH B
HAKOMWYEHUX JaHUX Ha OCHOBI METOIY HEJIHIMHOI HOpMaJi3allii, METOJIMK HaBYaHHS

Ta BUSIBJICHHS IPUHIIUIIB pOOOTH CUCTEMHU.



Ilpakmuuna yinnicms pooomu monsrae B po3pooO1li hopMabHOI METOO0JIOT I,
sKa J03BOJIIE BHUKOPUCTOBYBATH ii B OaraThoX oprasizaiisx. Jlucepraiis MiCTUTBH
KOHKPETHI TMPAaKTUYHI PEKOMEHJAIlli 3 BHUKOPUCTAHHS 3alpONOHOBAHOI B HIN
METOJONIOTIi 1 TpPUHOMIB B PpI3HUX MNPUKIAAHUX obOnactax. BmpoBamkeHHs
IPOrpPaMHOTO 3a0€e3MeUeHHs AaHAIITUYHOT CUCTEMHU, CTBOPEHOTO B paMKax AMCepTallii,
MOe OyTH BUKOPHCTAHO JJIsl aBTOMAaTH3allli aHATITHIHOT pOOOTH.

3acmocysanns pe3yromamie pobomu. Pe3ynbraTu HayKOBUX JOCHTIKEHb OYIIH
BUKOpHCTaHI Ha Kadenapl iHdopMaliHUX CHCTEM Ta TexXHoJorii HaBuanbHO-
HAyKOBOTO 1HCTUTYTY 1H(OpMaUIiHUX TeXHONOriH JlepaBHOro yHIBEPCUTETY
TEJIEKOMYHIKaIIi}l 1]l 4aC BUKOHAHHS HayKOBO-IOC1HOT poO0TH Ha Temy «Po3pobOka
CUCTEMHU aKTUBHOTO YIIpaBIiHHS 4eprolo nakeriB B Mepexkax TCP/IP 3 BukopuctaHHsIM
REM-perynsaropie» (Ne 0119U101284, AYT, m. KuiB), rocnaoroBipHux poOiT
«AHaji3 pUHKY Ta JIOCHI[UKEHHS TEpPCHEKTUB  PO3BUTKY  KOMII FOTEPHO-
iHpopmariiitnoro obnagnanas» (AYT, M. KuiB) ta «JlocnimpkeHHss oOpoOku
TpPaeKTOPHOI 1H(OpMaIlli B BUMIPIOBAIbHO-00UKCTIOBaIbHUX cucteMax» (AYT, m.
KuiB), BpoBamkeHi y BHpoOHMuMii mpouec Ha migmpuemctBax TOB «XYABEU
VYkpaina», TOB «IIIIUJI YA», TOB «Ai Ti J>xu» Ta B HaB4aJIbHOMY IIpoOIlECi
Jlep>xaBHOTO yHIBepcUTeTy TelekomyHikallii (Kuis).

OcHOGHI NONIOJCEHHSL OIS 3AXUCTY:

1. Bnepme po3po6iieHO MeToa HENMIHIMHOI HOopMai3aulii JaHuX, SKUAW
IPYHTYETHCS Ha MOCIiJOBHOMY BUKOHAHHI MIEPETBOPEHBb 3MIHHOT'O THUITY HETIHIHHOCTI.

2. YI0CKOHAJIEHO  aNrOpUTM  HaBYaHHS HEUPOHHOI MeEpexi, SKHM
BIIPI3HSAETHCS BIJ ICHYIOUHMX 3aCTOCYBaHHSIM METOJY 3aJaHHsA aJalTUBHUX
napameTpiB.

3. HalyB noianbioro po3BUTKY aJrOPUTM BUSIBJIIEHHS NMPUHLHUIIB poOOTH
TECTOBOT CUCTEMH Ha HaBUYCHIN HEHPOHHIN MEpEeXKi, IKUI BIAPI3HAETHCS B/l ICHYIOUUX

rpynyBaHHSM BXITHUX MapaMeTpiB 1 aKTUBHOCTI HEHPOHIB MEpPEXKi.



4, Po3po6neno iHpopMaliiliHy TEXHOJOT1I0 BU3HAYEHHS 3aKOHOMIPHOCTEH B
HAKOMMYEHUX JaHUX HAa OCHOBI METOAY HEIHINHOI HOpMai3allii, MeTOJUK HaBYaHHS
Ta BUSBJICHHS IPUHIIUIIB POOOTH CUCTEMHU.

Tematuka mucepramiitHoi poOOTH 1 OTpUMaHi pe3yiabTaTH Oe3MmocepeTHBO
BIIMOBIZAIOTh MPIOPUTETHOCTI PO3BHUTKY 1HGOpPMALIMHUX Ta KOMYHIKAIIHHUX
TexHoJori B Ykpaini 10 2021 p. 3rigHo 13 3akoHoM Ykpainu «lIpo mpiopurterHi
HampsIMM PO3BUTKY Hayku 1 TexHikm», Bim 11.07.2001 No 2623-III, 31 3miHamu
BHECEHMMH 3riIHO 13 3akoHOM Ykpainu «[Ipo HaykoBy Ta HayKOBO-TEXHIUHY
TisTbHICTBY BiJ 26.11.2015 Ne 848-VIII. lucepTraniiina poboTa BUKOHaHA BIJIIOBITHO
70 TUTaHIB HAYKOBOI 1 HAayKOBO-TEXHIYHOI MISUIBHOCTI Jlep>KaBHOTO YHIBEPCUTETY
TEJEKOMYHIKaIlli 1 € YaCTUHOIO JIOCHI/KEHb B paMKaxX HayKOBO-IIOCHIJIHOI POOOTH
«Po3pobka crucTeMH aKTUBHOTO YINpaBlliHHS 4depror makeTiB B mepexax TCP/IP 3
BukopuctanHaM REM-perynaropis» (Ne 0119U101284, AVYT, m. KuiB), a Takox
TOCIIJIOTOBIPHUX POOIT «AHaNI3 PUHKY Ta JOCIIKEHHS TEPCIEKTUB PO3BUTKY
KoM roTepHO-iH(popMmariitHoro obnagnanas» (AYT, m. KuiB) Ta «JlocmimkeHHs
00OpoOKHM TpaekTOpHOi 1H(OpMaIi B BHUMIPIOBAIHHO-OOUYHUCIIOBAIBHIUX CHUCTEMAX)
(AVYT, m. Kuis).

Knrwouosi cnosa: iHdopMmariiifHi TEXHOJIOT1I, IITYYHUNU I1HTEJEKT, HEHPOHHI
MEepeXi, KiIacTepu3allisi, 1HTeICKTYaJIbHUM aHaIi3 JIaHWX, BHSABJICHHS 3HaHb, BEJIHUKI

JTaHl.



ANNOTATION

Tushych A.M. Methods for building an intelligent data analysis system based on
neural networks. — Qualifying scientific work as a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 123 — computer
engineering (area of knowledge 12 — information technology). — State University of
Telecommunications of the Ministry of Education and Science of Ukraine, Kyiv, 2021.

The dissertation work is devoted to the urgent scientific task of developing a
methodology for constructing an intelligent data analysis system based on neural
networks. The topic of the dissertation research corresponds to the temporary standard
and professional competence of the educational and scientific program for the training
of doctors of philosophy in computer engineering of the State University of
Telecommunications of the Ministry of Education and Science of Ukraine, namely:
fundamental scientific research of theoretical and methodological, scientific and
methodological and applied foundations of increasing the efficiency of innovative and
production activities enterprises, as well as improving the process of ensuring the
introduction of the latest information technologies at the objects of information
activities.

To ensure the specified high requirements for quantitative and qualitative
indicators of information processing, is the process of information interaction of
technological processes of modern enterprises and organizations, it is necessary to
implement an intelligent data analysis system.

To achieve this goal, it is necessary to design a system that will be resilient to
failures, be able to automatically recover, be indifferent to noisy data and show the
results in a form acceptable to the user.

The paper provides a comparative analysis of technologies that solve the problem
of analyzing the accumulated data that enterprises receive in the course of their

activities. However, little attention has been paid to the development of methods and



programs for data analysis that can identify potentially useful but implicit information.
Obtaining this information can provide a vital impetus for research in other areas. This
nontrivial extraction of implicit, previously unknown and potentially useful information
from large databases is known as data mining or knowledge discovery.

One of the requirements for intelligent knowledge discovery systems is
efficiency and scalability. Working with very large databases requires efficient
algorithms, and inaccuracies and often incomplete data creates additional problems
when retrieving hidden patterns. Taught neural networks are able to generate hidden
knowledge from data: the ability to predict, classify and recognize patterns is created,
but their logical structure with the traditional approach remains hidden from the user.

The dissertation work formulates the requirements for modern data analysis
systems to justify the choice of the mathematical apparatus of the core of the analytical
system, a new method of nonlinear data normalization is developed, which consists in
the gradual implementation of transformations on data with a variable type of
nonlinearity, it is investigated which neural networks have an advantage over traditional
methods of mathematical statistics and technical analysis for a specific task, the optimal
topology and parameters of the selected technology have been chosen, a new approach
has been developed to explicitly obtaining rules from a trained neural network, consists
in grouping input parameters and neuron activity, an information technology has been
developed for determining the search for the rules of functioning of the object under
study in an explicit form on based on processing a number of empirical data using a
neural network apparatus.

The purpose of this dissertation is to optimize the process of revealing hidden
patterns contained in databases using improved data processing techniques.

To achieve this goal, it is necessary to solve the following tasks:

1. Determine the requirements for modern analytical systems, based on the
presented requirements, to justify the choice of the mathematical apparatus of the core

of the analytical system.



2. Develop a method for preprocessing the data being analyzed.

3. Conduct a study based on the construction of a data analysis algorithm
using the selected neural network technology.

4, Select the optimal topology and parameters of the selected topology.

5. Develop an algorithm for identifying knowledge in the analyzed data.

6. Develop a software implementation of information technology for
simulation of system processes.

Research methods. The results of the research carried out and presented in the
dissertation were obtained using the methods of systems analysis, information theory,
probability theory, methods of statistical analysis, combinatorics, neural network
modeling, cluster analysis, optimization, formalization and dynamic programming
methods.

Scientific novelty of the thesis:

1. For the first time, a method of nonlinear data normalization based on the
sequential execution of transformations of a variable type of nonlinearity has been
developed.

2. Thealgorithm for learning the neural network has been improved, it differs
from the existing ones by the application of the method for setting adaptive parameters.

3. Entered the further development of the algorithm for identifying the
principles of the test system on a trained neural network, which differs from the existing
grouping of input parameters and the activity of neurons in the network.

4, An information technology has been developed for determining patterns in
the accumulated data based on the nonlinear normalization method, teaching methods
and identifying the principles of the system's operation.

The practical value of the work lies in the development of a formal methodology
that allows it to be used in many organizations. The dissertation contains specific
practical recommendations on the use of the proposed methodology and techniques in



various applied fields. The implementation of the analytical system software, created
within the framework of the dissertation, can be used to automate analytical work.

Application of work results. The results of scientific research were used at the
Department of Information Systems and Technologies of the Educational and Scientific
Institute of Information Technologies of the State University of Telecommunications
when performing research work on the topic "Development of a system for active
management of packet queue in TCP / IP networks using REM regulators"” (No.
0119U101284, FLS., Kyiv), contractual works "Analysis of the market and research of
prospects for the development of computer information equipment” (FLS., Kyiv) and
"Study of processing trajectory information in measuring and computing systems"
(FLS., Kyiv) , introduced into the production process at the enterprises of Huawei
Ukraine LLC, PIPL UA LLC, ITG LLC and in the educational process of the State
University of Telecommunications (Kyiv).

Basic provisions for protection:

1. For the first time, a method of nonlinear data normalization based on the
sequential execution of transformations of a variable type of nonlinearity has been
developed.

2. Thealgorithm for learning the neural network has been improved, it differs
from the existing ones by the application of the method for setting adaptive parameters.

3. Entered the further development of the algorithm for identifying the
principles of the test system on a trained neural network, which differs from the existing
grouping of input parameters and the activity of neurons in the network.

4.  Aninformation technology has been developed for determining patterns in
the accumulated data based on the nonlinear normalization method, teaching methods
and identifying the principles of the system's operation.

The topic of the dissertation work and the results obtained directly correspond to
the priority of the development of information and communication technologies in

Ukraine until 2021. According to the Law of Ukraine "On priority directions of



development of science and technology", dated July 11, 2001 No. 2623-111, as amended
in accordance with the Law of Ukraine "On scientific and scientific and technical
activities" dated November 26, 2015 No. 848-VIII. The dissertation was completed in
accordance with the plans of scientific and scientific and technical activities of the State
University of Telecommunications and is part of the research within the framework of
the research work "Development of an active packet queue management system in TCP
/ IP networks using REM regulators” (No. 0119U101284, FLS., Kyiv), as well as
contractual works "Analysis of the market and research of prospects for the
development of computer-information equipment" (FLS., Kyiv) and "Study of
processing trajectory information in measuring and computing systems" (FLS., Kyiv).

Keywords: information technology, artificial intelligence, neural networks,

clustering, data mining, knowledge discovery, big data.
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