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AHOTAIIA

Yepeoniuenko O. KO. MeTof0JI0TI4HI OCHOBH CTBOPEHHS 1HTEIEKTyaJIbHOI
iH(opMaIIiitHOT TEXHOJIOT1T MOHITOPUHTY aKTyaJIbHUX JaHUX B CHCTEMax yIIpaB-
ninHs. — KBamidikaiiitna HaykoBa mpariis Ha IIpaBax pyKOIHUcCy.

Hucepraiiisi Ha 3100yTTS HAYKOBOTO CTYIEHS JOKTOpa TEXHIYHUX HAyK 3a
cuemianbhicTio 05.13.06 «Iadopmariiiiai Texnonorii» (122 — Komm’totepHi Hay-
ku). — HamionanbHUl TEXHIYHUIN yHIBEpCUTET «XapKiBCHKHM MOJITEXHIYHUN 1H-
CTUTYT», Xapkis, 2021 p.

06 ’exm docniddicenHss — IPOLIECH TIOITYKY, 300py Ta BUIOOYBaHHS aKTyallb-
HUX JaHUX y PO3MOAUICHOMY 1H(OpMaliifHOMY MPOCTOpi Ui BUPIIICHHS 3a/ad
YIPABIIHHS B COLIIOTEXHIYHUX CUCTEMAX

IIpeomem Oocnioxcennss — MOJIeI1, METOJU Ta 1HTEIEKTyallbHA 1H()OpMaITiii-
Ha TEXHOJIOT1 MOHITOPUHTY aKTyaJIbHUX JaHUX B 3a/1a4ax YIpaBIiHHSA.

JlucepTalito MPHUCBSIYEHO BUPIMIEHHIO CKIAJHOI HAyKoBOi mpoOiemMu
PO3B’A3yBaHHS MPOTUPIUUS MIXK MPAarHEHHSM HAyKOBOTO OOIPYHTYBaHHS MpPUIiH-
ATTA €(EeKTUBHUX YNPABIIHCHKUX PIIIEHh MEHEIHPKMEHTOM CKJIQJHUX COIIOTEXHIY-
HUX CUCTEM Ta BIJCYTHICTIO METOAOJIOTTYHUX OCHOB MOHITOPUHTY aKTyaJIbHUX Ja-
HUX B PO3MOJIIJIEHOMY 1HPOPMALIIHTHOMY IPOCTOPI 32 JOMOMOTO0 1HTEJIEKTYaIbHOT
TEXHOJIOT1i, BUKOPUCTAHHS $IKOi 3a0€3MeYnTh OOIPYHTOBAHICTh Ta €(EKTHUBHICTD
BUKOHAHHS 3aBJIaHb YIIPABIIHHS B COLIIOTEXHIYHUX CUCTEMAX.

VY BcTyni OOIpYHTOBAHO aKTyallbHICTh TEMH AMCEpTAallli, 3a3HAYEHO 3B’SI30K
poOOTH 3 HAyKOBUMH TeMaMHd, CHOPMYIHOBAaHO METy W 3ajadi JOCIHIIKEHHS,
MIPEICTABICHO 00’ €KT, MPEAMET 1 METOAM TOCIHIKEHHS, PO3KPUTO HAYKOBY HOBH-
3HY Ta MPAKTUYHE 3HaY€HHS OTPUMAHUX PE3yJbTaTiB, HABEJECHO 1H(POPMAIIIIO PO
iX IpakTUYHE BUKOPUCTAHHS, alpoOaIlito Ta BUCBITICHHS Yy MyOJiKaIlisax.

VY nmepmomy po3aini MPoOBEACHO aHa3 METOAOJIOTTYHUX OCHOB CTBOPCHHS
1H(OpMaIIHHUX TEXHOJIOT1M MOHITOPUHTY JaHUX B CHUCTeMax yrpasiiHHA. [Ipose-
JICHO aHaJli3 JIITEPATypHUX JKEpes Ta aHATITUYHUN OrJIsij] ICHYIOUMX MOJeNen Ta
MeToAIB 300py Oi3Hec-iHpopMallii A MIATPUMKHA MPOLECY NMPUUHATTS PIILIEHb,
MIPOAHANI30BaHi iX HEAOJIKH Ta nepeBaru. JisubHICTh OUIBIIOCTI MiANPUEMCTB Oa-
3Y€ThCSl HA 3HAYHOMY apXiBl €JIEKTPOHHOI JOKyMeHTallii. 1{s qoxkymeHTariisi cTBo-
PIOEThCSL HA OCHOBI ()YHKIIIOHYBaHHS Ta sBjsie coO0oto Oi3Hec-iHpopmartiro. [Ipo-
BEJICHO aHaJi3 3a7a4l e(eKTUBHOTO YIIPABIiHHS MIAMPUEMCTBOM B YMOBAX HEIOB-
HOTH 1H(pOpMarltii. B pe3ynbrari aHATITHYHOTO OTJISITY BUSIBIECHO, 1110 1ICHYIOUI Mij-
X0Iu 10 300py Ta mepepoOku Oi3Hec-iH(popMallii po3riiaaTh iHpopMalliro 3ara-
JIOM SIK TOJIOBHUHM €JeMEHT OyJb-sKO1 3 (PyHKLINH ympaBiiHHSA, 1110 TOTpeOye CKO-
POYEHHS Yacy Ha MPUUHATTA YIPaBIIHCHKUX PIIIEHb Ta MiJBULICHHS aKTyaJlbHOCTI
iH(opMallii B cucteMax MPUUHATTS PIIICHb.
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[IpoBenenuil anani3 iCHyIOYMX MIAXOAIB J0 YNPaBIIHHS CKJIaJHUMHU CHCTE-
MaMH JIO3BOJIMB MPOBECTH KiacH(]iKallito TUIIIB CHCTEM YIPABIIHHSA Ta BIIOKpE-
MUTH CUCTEMY YIPABIIHHS, KA XapaKTePU3YEThCSI BUCOKUM CTYIEHEM OOJIIKY 1H-
dbopmariii 13 30BHINIHBOTO cepeAoBHUIlla. MOHITOPUHT aKTyalbHUX JAHUX € 0CO0-
JUBHUM BHUJOM 1H(pOpMAIiHHO-aHAITUYHOI pOOOTH, IO J03BOJISIE€ 30HMpaTH PI3HO-
01uHy O13Hec-1HdOopMallil0 Ta BUKOPUCTOBYBATH ii JuIs 1iJIel yrpapiiHHSA. B pobo-
Tl TIOKA3aHO, 10 BHUPIIMICHHS 3a7adl MIATPUMKH MPUNAHATTS pPIlIEHb B CHCTEMax
yIpaBIiHHSA 00YMOBJIIO€ BU3HAYECHHS BEJIMKOTO Ta MAJIOTO KiJ MPUUHSITTA pillieHb
Ta PO3IJIAIa€ MOHITOPUHT SIK CAMOCTIHHY 3a/1ady MPUUHSATTA PillICHb.

3po0eHO BUCHOBKH MIOJ0 HEOOXITHOCTI YyJOCKOHAJIECHHS METOJOJIOTTUHUX
OCHOB MOHITOPHUHTY aKTyaJbHUX JaHUX 3 ypaxyBaHHSAM CYYacHMX TEHACHITIN
ynpasiiHHsa. Bunineno nactymnsi npobiaemu s BupimieHHs. [lepiioro 1 HaitOuIbIn
1ICTOTHOIO TIPOOJIEMOIO € Te, 10 KoJIocanbH1 00csru iHdopmartii B [HTepHeT yckiia-
JTHIOIOTH TIOIIYK 1 BUOIp MilicHO HeoOxigHuX BigoMocTeit. Cami o cob1 HeoOpoO-
JIeH1, Hey3arajbHeH1 1 HeTlepeBipeHi JaHl He MOXKYTh 3a0€3MeUnTH SKICHY TATPH-
MKY TIpU OPUUHATTI pimieHb. [pyroro npobiemoro € te, mo iHpopMmaiis B [HTEP-
HET Ma€ SIBHO BUPAKECHUW AUHAMIYHHUI XapakTep: 1H(popMalis po3MilLyeThCs, MO-
TU(pIKy€eTbCs 1 BUJAISIETbCs. TpeTs nmpobiema, siIKy He0OX1IHO BUPIIIUTH, aBTOMa-
TUYHE BUJA00YBaHHS MOHATH 3 (pOpMai30BaHUX MAcHBIB 1H(OpMaIi 1 HECTPYKTY-
POBaHUX TEKCTIB. YeTBEpPTOIO MPOOIEMOIO0 € HEOOX1IHICTh BUSIBIICHHS HEOUYEBU]I-
HUX 3aKOHOMIPHOCTEH 1 3B’s13KiB. TakuM YMHOM, B pOOOTI BU3HAYEHO AKTyaJIbHY
HAyKOBO-TIPUKIIAJIHY MPOOJIeMy po3poOKH METOIB, MOjelel Ta 1H(opMaIliiHOl
TEXHOJIOT1i MOHITOPUHTY aKTyaJIbHUX JIaHUX B CHUCTEMax YIMpPaBIiHHA, 1110 Ha OC-
HOBI cuHEprii iHpopMalii 13 BHYTPINIHIX Ta 30BHINIHIX JKEPEN JaHUX JO3BOJIHTH
3a0e3neunTy e(PeKTUBHICTD YIIPABIIHHS B CKJIAHUX COIIOTEXHIYHUX CUCTEMaX.

VY npyromy po3niiii MpoOBEAEHO aHaji3 BIACTUBOCTEH pO3MoiieHoro iHdop-
MaIliifHOTO TMPOCTOPY MOHITOPUHTY aKTyalbHUX JaHHX. 3a JIOMOMOTOI0 3aco0iB
KOHIIENITYaTbHOTO MO/JICTIOBAHHSI PO3POOJICHO y3arajlibHEHY CTPYKTYpPY CHUCTEMHU
MOHITOPHHTY aKTyaJlbHHUX JaHWX. PO3IIISIHYTO KOHIIENTYyajlbHI OCHOBU CTBOPEHHS
CUCTEM MOHITOPUHTY aKTyaJbHUX JAHUX Y PO3MOAUICHOMY iH(OpMaLiiHOMY MpO-
CTOp1 /IS BUPIIIEHHS 3aJ1a4y YIPaBJIIHHS B COIIIOTEXHIYHUX cUcTeMax. Buxousuu 3
TOTO, IO TPAAMIIIHI CUCTEMU MOHITOPUHTY OpPIEHTOBaH1 Ha 30i1p JaHUX 13 BHYT-
PIIIHIX JPKeper, T03a YBAaro CUCTEMH YMPAaBIIIHHS 3aJUIIAIOTHCS JaH1 13 30BHIIII-
HIX Kepes. ToMy 3ampornoHOBaHO JOTIOBHUTH ICHYIOUUH MIAX1J 10 MOHITOPUHTY
3a paXyHOK peai3allii CHCTeMH MOHITOPUHTY Ha OCHOBI CHHEPTIi iH(popMaIii.

Po3po6iieno BepOanbHUIl ONMUC KOHUEMIIT MOHITOPUHTY aKTyaJbHUX JaHUX
JUTsl BUPIIIICHHS 3aB/IaHb YIPABIIHHS B CKJIQJHUX COI[IOTEXHIUYUX CHUCTEMaX, KU
0a3yeThcsa Ha 300pi TpbOX THUIIB iH(OpMaIi: 1HPopMaIlis PO pe3yJbTaTH AisIb-
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HOCTI, fIKa MICTUTBCS y BHYTPIIIHIX 1HQOpMaLIMHUX pKepenax; iHdopmalis mpo
CTaH 30BHINIHBOTO O13HEC-CEepPEIOBUINA, SIKa MICTUTHCS Y BIAKPUTOMY JOCTYINl B
Mepexi [aTepHet; iHpopMarlis Tpo pe3yabTaTUBHICTh JISUIBHOCTI SIK BioOpakeH-
HS Yy 30BHIITHLOMY 1H(OpMaIIfHOMY POCTOPI.

HaxonuyenHs BeIMKUX OOCSATIB JaHUX BHUMAara€ HOBUX 1HCTPYMEHTIB iX 00-
poOku. CyyacHl CUCTeMHM YINPaBIIHHA JI03BOJISIOTH B aBTOMATH30BAHOMY PEKHMI
3a0e3MevyyBaTy MPOILECH MiATPUMKH MPUUHATTA pillleHb HEeOOXiTHOIO 1H(OopMalli-
€10. Bukopucranus amapaTy Teopii KaTeropiil /uisi mojaHHs KOHTEHTY iHpopMma-
IIHOTO MPOCTOPY J103BOJISIE ONEPYBATH PI3HOPIAHUMHU 00’ €KTaMU 3 BUKOPUCTaH-
HSIM 3arajlbHUX MEXaHi3MiB 1 IHCTpPYMEHTIB. BUKOpHCTaHHS JAaHOTO MiIXOMy HO-
3BOJISIE BUPOOUTH 3arajibHl IpaBWia 1 peanizyBaTu iX I pOOOTH 3 JAOBUIBHUMHU
TUTIAMU KOHTEHTY. 3alpOIIOHOBAHO KAaTETOPHY MOJI€NIb CUCTEMU MOHITOPUHTY aK-
TyaJIbHUX JJaHUX.

Y TpeThoMy po3/iIi HaBEeASHO MOC Ui (OpMai30BaHOTO OIKCY Mpolie-
CiB MOIIYKY Ta 300py iH(}opmaIlli, po3po0IeHO MOJEIb JKEpeia JaHuX, MOJEb
300py JaHUX 3 BEO-CTOPIHKHM Ta MOJEJb 1HTerpalli iHpopMmallii, IKy OTpUMaHO 3
PI3HHX JDKEpeN JaHUX, 3alpONOHOBAHO MOJIENb €KCTPAKIIIi Ta i1eHTH (1Kl 3HaHb
Ha OCHOBI 00pOOKHM TEKCTOBOI 1H(opMaIllii. MOHITOPUHT PO3IIIAIAETHCS K MPOLIEC
Oe3nepepBHOro 300py Ta BHIOOYBaHHS aKTyaJbHUX JAHHUX, KOPHUCHHUX JJISI BHUPI-
HIEHHS MEeBHOI 3a/1a4l ynpaBiaiHHSA. 3alpOIIOHOBAHO KOHUENTYalIbHY MOJIEIb MOHI-
TOPUHTY aKTyaJIbHHUX JIAHUX, BUAUICHO TPU CKIIAJOBI JAJI MATPUMKH MPOLECY MO-
HITOPUHTY: MOJIEJIb TIOIIYKY JHKEpell, MOJeNb BUA00YBAHHS JaHUX Ta MOJIEIb OIli-
HIOBaHHSI OTpUMaHoO1 iHpopMaliii. Moiens NomyKy JKepes po3riIsgacThCsl BIAHO-
CHO JI0 TIOIIYKY JKEpeN y Po3MoiyieHoMy 1H(QOpMaIliiHOMY MPOCTOPI, 30KpeMa B
Mepexi [HTepHer. 3ampornoHoBaHO MOAENb TeMaTHYHOTro moiyky. OriHka BeO-
CTOPIHKM Ha TpeAMET i1 BIAMOBIIHOCTI MOJEII JKepesa JaHUX BHU3HAYAETHCS 3a
HASIBHICTIO PI3HUX KOMOIHAIIIN CIB Yy BIAMOBIAHMX KOMOIHAIISX €JIEMEHTIB BeO-
CTOPIHKH.

BBeneHno GiHapHe BiTHOIIEHHS HEPO3PI3ZHEHOCTI R, MOKa3aHo, 10 BOHO € Bi-
JTHOTIICHHSIM TOJICPAHTHOCTI, SKIIIO BOHO Pe(IEKCHMBHO Ta CHUMETpu4yHO. BimgHo-
ImeHHsT R moka3ye TOJIEpaHTHICTh MOHITOPUHTOBOI 1H(OpMaIlii, sika mpercTaBieHa
B TEKCTOBOMY BHTJISI/II, BIIMOBITHO IO OHTOJIOTIYHOTO OMHUCY 00’ €KTIB MOHITOPUH-
ry. Jlane BiJHOIIEHHS 103BOJIsIE BUKOHYBATH OMeEpallii He 3 OKPEMHMH €JIeMEeHTa-
MU YHIBEPCYMY, a 3 KJIacTepaMu TOJEPAaHTHHUX elieMeHTiB. [Hdopmartis, ska mic-
TUTHCS Ha BeO-pecypcax, 3a3BHYail XapaKTepusye CTaH 00’ €KTy MOHITOPHUHTY Y
HESIBHOMY BUTJISAI, 110 OOYMOBIIIOE HEOOXITHICTh BUSHAYCHHS 3HAYCHB 1H/IUKATO-
PIB MOHITOPUHTY Ha OCHOBI OIIIHKM XapaKTePUCTHUK, BUAOOYTUX 3 TEKCTOBOI 1H(]O-
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pmartii. Bupimenns 3agau 300py dakrorpadiunoi iHdopMmailii 0a3yeTbest Ha Mojie-
75X 1HpopMaliitHoro hakTorpadgiyHOro MOIIYKY Ta €KCTPaKIli JaHUX.

B po6oti po3pobsieHo MeTo 300py Ta iaeHTUdikamii iHGopMarii s miaT-
PUMKH TPUHHATTS PIllIeHb 3a paxyHOK dopmaizailii 1HTeIeKTyaIbHUX IPOIECIB
CIIpUHHATTS 1HPOpMaIlii Ha OCHOBI KOMIUIEKCY €TaJIOHHUX MoJieiel Jijis 300py Ja-
HUX 13 30BHIIIHIX JKEPEI, IO J03BOJIUIIO 3MEHIIUTH OOCSATH JaHUX, a TAaKOX ypa-
XyBaTl JMHAMIKY WpPOIECY. 3alpolOHOBAHO MOJENb MOJAaHHS OHTOJIOTTYHUX
3HaHb Ha OCHOBI iAeHTU]iKaI]l pakTorpadiunoi iHpopMallii, gKa JO3BOJSIE 3HUZH-
TH 3aJIeKHICTh Bl Cy0’€KTHBI3MY €KCIIEPTHHX OI[IHOK MpPHU BUPIIIECHHI 3aBJaHb
yrpaBmiHASL. Po3p001eHO0 KOMIUIEKCHUH TAX11 10 OHTOJIOTIYHOTO OMKCY MPOIIECiB
MOTITYKY, 300py Ta OIIHIOBAHHS aKTyaJlbHUX JaHWX 3 BUKOPUCTAHHIM KOMILICKCY
€TaJIOHHUX MOJICIIEH.

VY deTBepTOMY PO3/LI1 PO3TISHYTO METOI0JIOTIUHI OCHOBU MTOOYI0BU METO-
JTy MOHITOPUHTY aKTyaJIbHUX JIaHUX JUIsl BUKOHAHHS 3aBJaHb YIIPABIIHHSI HA OCHO-
Bl BUJ0OYBaHHs JaHUX 3 BeO-/pKepes Ta 1HTerpaii BHYTPIIIHbOI Ta 30BHINIHBOT
iH(popmarrii. 3anpornoHoBaHO 0araToareHTHY peati3allilo po3po0JIeHUX Mojelei
MOIIYKY, 300py Ta OI[IHIOBAaHHS MOHITOPUHIOBUX JAHUX. 3aCTOCYBaHHSI ar€HTHOT
napajurMy J103BOJIsi€E BUKOPUCTOBYBATHU MapayelibHy 0OpOoOKYy JaHMX, IO € MIAT-
PYHTSIM 117151 3a0€31€UYEeHHSI CBOEYACHOCTI 1H(popMarlii.

JIJist 3MEHIIEHHS] YaCOBOTO 1HTEPBAIIy PO3pPaXyHKH BIANOBIIHUX aJITOPUTMIB
00poOKHU JTaHMX MOBUHHI BUKOHYBATHCS OHOYAacHO. B poOOTI moka3zaHo, 1o AJis
peaizallii aropuTMiB 300py JaHUX MOHITOPUHTY MOTPIOHO 0OpaTH TaKuil po3Mo-
JIJT oTepariiii Mi>k cepBepaMu MapajebHUX O0YMCIICHb, KU 3a0e3neuye MiHiMa-
JHbHUW Yac BUKOHAHHS aJITOPUTMY, 110 3a0€3MEYUTh CBOEYACHICTH 1H(OpMaIli.
3MEHIIIeHHS Yacy BUKOHAHHS MOKe OyTu 3a0e3MedeHe TaKOXK IMUISXOM Miadopy
Kpanoi 00uncCIIoBaIbHOI cxeMH. B po0oTi mokazano, 1o 3ade3nedyeHHs eeKTuB-
HOCTI MOHITOPUHTY aKTyaJIbHUX JaHUX PEalTi3yeThCs IUIIXOM KOPETyBaHHS mapa-
MeTpiB mporecy. st BUpilieHHs 3a7a4l ONTUMI3alli mpoiecy 300py AaHUX 3a-
MIPOTIOHOBAHO METOJI IMiIBUIIICHHS PEJICBAHTHOCTI, SIKUM 0a3y€eThCS HA 3aCTOCYBaH-
HI MeToay AehOopMOBaHUX KOH(Irypaliid, 110 BUMAra€ CTaTUYHOrO JUCKPETHOTO
TIO/TAHHSI POIECY MOHITOPHHTY.

VY m’aroMy po3aiii po3po0JIeHO OCHOBHI MPUHIUITM CTBOPEHHS OararoareH-
MIT030BaHI Ha B3a€MOJIII0 areHTIB, SIKI CKJIAJIal0Th OCHOBY peai3allii mporpaMHoi
CUCTEMHU MOHITOPHHTY aKTyaJbHUX JAaHUX. 3alpOMOHOBAHO (OpMaIIbHY apXiTEeK-
Typy areHra, ska mnependavae nmogaHHs (yHKIIi areHTa Ha OCHOBI MOTO MEHTallb-
HOI MOJIeN, 331aH0T KOMITApaTOPOM. 3arporOHOBAaHO OaraTomapoBy areHTHY MO-
JieNb SIK OCHOBY CTBOPEHHSI 1HTEJIEKTYaJIbHUX CHUCTEM MOHITOPUHTY JJii BUKOHAH-
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HS 3aBJIaHb YIPABIIIHHAS HA OCHOBI OHTOJIOTTYHOTO OIMKUCY MPOIIECIB MOITYKY, 300py
Ta OIIHIOBAaHHA aKTyaJbHMX JaHUX. Ha OCHOBI MOPIBHSUIBHOTO aHaN3y OOpaHO
areHTHO-OpPIEHTOBAHY MapaJurMy JUJIs peanizallii CHCTeMH MOHITOPUHTY aKTyallb-
HUX JaHuX. PopMajnbHa apxIiTEKTypa areHTa — 1€ 1HCTPYMEHT, SIKUW J03BOJISE
MIPOCKTYBATH TMOBEIHKY areHTa 13 BUKOPUCTAHHAM YITKHX (hOpMaTbHUX METOJIB.
AOcTpakTHa apXiTEKTypa areHTa 3aJa€ThCsl Yepe3 OMUC CepeOBUINa, B IKOMY (Y-
HKITIOHY€ areHT, CIPUHHATTSA areHTOM IIbOTO CEPEIOBHUINA Ta Horo mismMu. 3amadi
MOILIYKY JDKEpeN JaHuX, 300py Ta BUMIPIOBAHHS JEKOMIIO30BaHI Ha B3a€MOIIO
areHTIB, SKI CKJIAJal0Th OCHOBY MPOTpaMHOi peatizallii MeToAy MONIyKy Ta 300py
JaHUX MOHITOpHHTY. [IpH3HaYeHHS KOXXHOTO THUITy areHTa JIETaJIbHO OMUCAHO Y
poOOTI.

Jlist po3poOKH MPOTPaMHOT CUCTEMU BUKOPUCTAHO MOBY MPOTpaMyBaHHS
Java Ta 3acrocoBaHi marrepHu mpoektyBaHHs Tuiy GoF, mabiaon Dependency
Injection, mpuniunu SOLID ta Clean Architecture. OcHOBHUMU TepeBaraMu Ta-
KOTO MIAXOAY €: HE3aJeKHICTh Bl (GPEHMBOPKIB Ta KOHKPETHUX 010J110TEK; Jer-
KICTh y TECTYBaHHI — 013HEC MpaBuja MOXKYTh OyTH IIPOTECTOBaH1 OKpeMo, O6e3 Ko-
pUCTYyBalbKOro 1HTepdelcy, 0a3 JaHUX TOIIO; HE3AIEKHICTh KOPHUCTYBALIBKOTO
1HTEpPeicy — BinoOpakeHHsI MOXe OyTH 3MIHEHHM O€3 BIUIMBY Ha 1HII KOMIIOHE-
HTH CHCTEMH, IO 3HIDKYE IAHCU BUHUKHEHHS MOTEHIIIMHUX MOMIIIOK; HE3aJexk-
HICTb Bij muiatopmu — O13HeC NMpaBuiia He MPUB’A3aH1 10 0COOIUBOCTEN KOHKPET-
HOT MIaTGOpMHU; HE3ATIEKHICTh 0a3 JaHUX — O13HEC JIoTiKa JOJATKy HE MPUB’sI3aHa
JI0 KOHKPETHO1 0a3u JaHUX, [0 1a€ MOXJIUBICTS ii 3MIHU y Oy/Ib-IKUH MOMEHT Ya-
cy 0e3 BIUIMBY Ha 1HIII CKJIAJI0BI CUCTEMHU. 3alpONOHOBAHO €TAJOHHY MOJIETh 1H-
TeporepadeTbHOCTI KOMIIOHEHTIB 1H(OPMAIIITHOT TEXHOJIOT1 MOHITOPUHTY aKTya-
JHHUX AaHuX. B poOoTi 00rpyHTOBAHO 3aCTOCYBAaHHS MIKPOCEPBICHOT apXIiTEKTypH
Ta HAIMCAHHS OKPEMHUX MOIYJIB CHCTEMHU SIK HE3aJEKHHUX IMpOorpam, BUKOHAHHS
AKuX Oyjie 0OpOOIISITHCS areHTHOIO MIaT(OPMOIO.

Takum yrHOM, B poOOTI po3po0ieHo 1H(GOpMaIiIiHY TEXHOJIOT1H0 MOHITOPH-
HTY aKTyaJbHUX JaHUX y PO3MOJAUICEHOMY 1HQOpPMAaLIHHOMY MPOCTOP1 AJisi BUKO-
HaHHS 3aBIaHb YIPAaBIiHHS IUITXOM BUKOPHCTAHHS 0araToareHTHOI apXiTeKTYpH,
110 Ja€ MOKJIMBICTh KOMIUIEKCHOTO BUPILIEHHS 3a]]a4l MOHITOpUHTY. P0o3pobiieHo
MPOTOTHUIT TIPOTPAMHOI CUCTEMH MOHITOPHHTY aKTyaJIbHUX JaHUX Ha OCHOBI arcH-
THO-OPI€HTOBAHOI MapaJUTMU MPOTPAMYBAHHS 13 BUKOPUCTAHHIM BIAKPUTHX TPO-
rpaMHHX 3ac00iB: areHTHO1 Tiatgopmu JADE, TexHoorii 7ocTymy Ta yrnpaBimiHHSI
kem-am’sitTio Ehcache, penakropy onrtosnorii Protégé.

VY moctoMy po3auTi HaBEIEHO PE3yJIbTaTH €KCIEPUMEHTIB, PE3yJIbTaTH all-
polarriii Ta BnpoBaKeHHS 1H(GOpPMALIHHOT TEXHOJOri Ta OKpeMux ii eramiB Ha
MPUKJIAJIl 3aBJaHb MOIIYKY, 300py Ta BUAOOYBaHHS JAaHWUX JJIS IIJIeH YIpaBIiHHS.
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Sk mpuknaza 3agavi nmomyky iHdopmaii y posnoaineHomy iHbopMaiitHoMy mpo-
CTOp1 Ha OCHOB1 PO3POOJICHUX MOJIeIIeH MONIYKY JKEpell JaHUX Ta MPOTrpaMHOT CH-
cTeMHu OaraToareHTHOI MiIaThOpMH PO3TIISIHYTO MOIIYK JHKEepeN aHUX II0A0 pe-
3yJIbTATUBHOCTI HayKOBO1 AisiibHOCTI 3BO. Po3pobiieHi B poOOTI MeTOAM €KCTpak-
i 1HdopMartii anpoOoBaHO Ha 300pi MApKETHHIOBOI iH(MOpMaIlii 3 TOPTiBEILHUX
MaiJIaH4MKIB, 110 pO3TaIIoBaHi y Mepexi [aTepHer. B poOoTi ekciepruMeHTaaIbHO
JOCITIIKEHO, 0 00poOKa TEKCTOBOI iH(GOpMAIlii Ta BUSHAYCHHS MHOXKHHH KITIO-
YOBHX CIIiB, SIKA OMHCYE TPYMy MOTIOHUX TOBApiB HAJA€ MOXKJIUBICTH aBTOMATH3Y-
BaTH Mpollec KiacTepu3alii iHpopMaIiitHux 06’ €KTIB Ha OCHOBI JIIHTBICTUYHOI 00-
pOOKH 1X TEKCTOBOTO Omucy. B poOoTi HaBeeHO pe3ynbTaTH €KCIIEPUMEHTIB IIIO0
nouyky iH@opmarnii, BunoOyBaHHs (akTiB 3 TEKCTOBOI 1H(popmallli, (GopMyBaHHS
KJIACIB TOJIEPAHTHOCTI 1H(OpPMAIIHHUX 00’ €KTIB TOMIO.

Po3pobiieni Mmozeni, MeToau Ta iHQOpMalliifHa TEXHOJIOTIS anpoOoBaHi Npu
BUPIIIEHH] MPAKTUYHUX 3aBJaHb MOHITOPUHTY aKTyalbHUX AaHuX. OTpuMaHi Teo-
peTUYHI Ta MPAKTUYHI pe3ynbTath BuUkopucrtaHi y IlyOmiyHOoMy AKiiOHEpHOMY
Tosapucti «bAHK ®OPBAPJI» (M. KuiB); TOB XapkiBcekuii Texniunuit Llentp
Ouinkn  «EKCIIEPTYC» (M. Kym’sHebk, XapkiBcbkoi 0011.);  HaykoBo-
nociigHomy teHtpi 30poitnnx Cun Ykpainu «JlepxaBuuii okeanapiym» (M. One-
ca); TOB «kKPEIUT TVY IO» (m. KuiB); TOB «Caiitoc» (M. XapkiB) Ta BIpoBa-
JUKEH1 y HaBYaJIbHUI Ipoliec Ha Kadenpl mporpamMHoi iHxeHepii Ta iHpopmariii-
Hux TexHousorii ynpasiinag HTY «XIII».

VY nopaTkax HaBEeIEHO aKTH Ta JIOBIIKHM IIOJIO BIPOBAKEHHS PE3yJIbTATIB
JTCEPTALIHOTO JTOCTIKEHHS, CITUCOK ITyOJIIKaIli 3a TEMOIO JTHUCepTaIlii Ta J0/1a-
TKOBHI MaTepiall 0 PO3iJiiB poOOTH.

Knrouosi cnosa: indopmariiiitna TeXHOJIOTisl, MOHITOPUHT, OaraToareHTHa CH-
cTeMa, MOUTYK Ta BUAOOYBAHHS JaHUX
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SUMMARY

Cherednichenko Olga. Methodological fundamentals of creation of intellec-
tual information technology of monitoring of relevant data in management sys-
tems. — Manuscript.

Thesis for scientific degree of Doctor of Technical Sciences in specialty
05.13.06 — Information Technologies (122 — Computer Sciences). — National
Technical University “Kharkiv Polytechnic Institute”, Ministry of education and
science of Ukraine, Kharkiv, 2021.

Object of research - processes of search, collection and extraction of actual
data in the distributed information space for the decision of problems of manage-
ment in sociotechnical systems.

Subject of research - models, methods and intelligent information technolo-
gy for monitoring actual data in management tasks.

The dissertation is devoted to solution for a complex scientific problem of
solving the contradiction between the desire to scientifically substantiate effective
decisions making by management of complex socio-technical systems and the lack
of methodological bases for monitoring actual data in a distributed information
space using intelligent technology, the use of which will ensure the validity and
efficiency of management tasks fulfilment in socio-technical systems. .

The introduction substantiates the relevance of the dissertation topic, indi-
cates the connection of work with scientific topics, formulates the purpose and ob-
jectives of the study, presents the object, subject and methods of research, reveals
the scientific novelty and practical significance of the results, provides information
on their practical use, testing and coverage in publications.

In the first section the analysis of methodological bases of creation of infor-
mation technologies of data monitoring in management systems is carried out. The
analysis of literature references and analytical review of existing models and meth-
ods of collecting business information to support the decision-making process,
their disadvantages and advantages are analyzed. The activities of most companies
are based on a large archive of electronic documentation. This documentation is
based on operation and it is business information. The analysis of the problem of
effective enterprise management in the conditions of incomplete information is
carried out. The analytical review found that existing approaches to the collection
and processing of business information consider information in general as a key
element of any of the management functions, which requires reducing time for
management decisions and increasing the relevance of information in decision-
making systems.
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The analysis of existing approaches to the management of complex systems
allowed to classify the types of control systems and to separate the control system,
which is characterized by a high degree of accounting for information from the ex-
ternal environment. Monitoring of actual data is a special type of information-
analytical work that allows you to collect diverse business information and use it
for management purposes. The thesis shows that solving the problem of decision
support in management systems determines the definition of large and small deci-
sion-making circles and considers monitoring as an independent decision-making
task.

Conclusions are made on the need to improve the methodological basis for
monitoring actual data taking into account current management trends. The follow-
ing problems have been identified for solution. The first and most significant prob-
lem is that the vast amount of information on the Internet makes it difficult to find
and select the information you really need. Raw, non-aggregated and unverified
data alone cannot provide quality decision support. The second problem is that the
information on the Internet is clearly dynamic: information is posted, modified and
deleted. The third problem that needs to be solved is the automatic removal of con-
cepts from formalized arrays of information and unstructured texts. The fourth
problem is the need to identify non-obvious patterns and connections. Thus, the
thesis identifies a topical scientific and applied problem of developing methods,
models and information technology for monitoring relevant data in management
systems, which based on the synergy of information from internal and external da-
ta sources will ensure effective management in complex socio-technical systems.

In the second section the analysis of properties of the distributed information
space of monitoring of actual data is carried out. With the help of conceptual mod-
elling the generalized structure of the system of monitoring of actual data is devel-
oped. The conceptual bases of creation of systems of monitoring of actual data in
the distributed information space for the decision of problems of management in
sociotechnical systems are considered. Based on the fact that traditional monitoring
systems are focused on collecting data from internal sources, the management sys-
tem ignores data from external sources. Therefore, it is proposed to supplement the
existing approach to monitoring through the implementation of a monitoring sys-
tem based on information synergy.

A verbal description of the concept of monitoring relevant data to solve
management problems in complex socio-technical systems is developed, which is
based on the collection of three types of information: information on performance,
which is contained in internal information sources; information on the state of the
external business environment, which is publicly available on the Internet; infor-
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mation on the effectiveness of activities as a reflection in the external information
space.

The accumulation of large amounts of data requires new tools for their pro-
cessing. Modern management systems allow automated mode to provide decision
support processes with the necessary information. Using the apparatus of category
theory to represent the content of the information space allows you to operate on
heterogeneous objects using common mechanisms and tools. Using this approach
allows you to develop general rules and implement them to work with arbitrary
types of content. A categorical model of the current data monitoring system is pro-
posed.

The third section presents models for a formalized description of infor-
mation retrieval and collection processes, a data source model, a web page data
collection model and a model for integrating information obtained from different
data sources, and a model for extracting and identifying knowledge based on text
processing. Monitoring is seen as a process of continuous collection and extraction
of relevant data useful for solving a specific management task. The conceptual
model of monitoring of actual data is offered, three components for support of pro-
cess of monitoring are allocated: model of search of sources, model of extraction
of data and model of estimation of the received information. The source search
model is considered in relation to the search for sources in a distributed infor-
mation space, in particular on the Internet. The model of thematic search is offered.
The evaluation of a web page for its compliance with the data source model is de-
termined by the presence of different word combinations in the corresponding
combinations of web page elements.

A binary indistinguishability relation R is introduced, it is shown that it is a
tolerance relation if it is reflexive and symmetric. The ratio R shows the tolerance
of the monitoring information, which is presented in text form, according to the
ontological description of the monitored objects. This relationship allows you to
perform operations not with individual elements of the universe, but with clusters
of tolerant elements. The information contained on web resources usually charac-
terizes the state of the object of monitoring in an implicit form, which necessitates
the determination of the values of monitoring indicators based on the assessment of
characteristics extracted from textual information. The solution of problems of col-
lecting factual information is based on models of information search and data ex-
traction.

The thesis develops a method of collecting and identifying information to
support decision-making by formalizing intellectual processes of information per-
ception based on a set of reference models for collecting data from external
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sources, which allowed to reduce data and take into account the dynamics of the
process. A model of presenting ontological knowledge based on the identification
of factual information is proposed, which allows to reduce the dependence on the
subjectivity of expert assessments in solving management problems. A compre-
hensive approach to the ontological description of the processes of search, collec-
tion and evaluation of relevant data using a set of reference models has been de-
veloped.

The fourth section discusses the methodological basis for building a method
of monitoring relevant data to perform management tasks based on data extraction
from web sources and the integration of internal and external information. Multi-
agent implementation of the developed models of search, collection and evaluation
of monitoring data is offered. The application of the agent paradigm allows the use
of parallel data processing, which is the basis for ensuring the timeliness of infor-
mation. To reduce the time interval, the calculations of the respective data pro-
cessing algorithms must be performed simultaneously. The thesis shows that for
the implementation of monitoring data collection algorithms it is necessary to
choose such a distribution of operations between parallel computing servers, which
provides the minimum execution time of the algorithm, which will ensure the time-
liness of information. Reducing execution time can also be achieved by selecting
the best computational scheme. The thesis shows that ensuring the effectiveness of
monitoring of relevant data is realized by adjusting the process parameters. To
solve the problem of optimizing the data collection process, a method of increasing
relevance is proposed, which is based on the application of the method of de-
formed configurations, which requires a static discrete representation of the moni-
toring process.

The fifth section develops the basic principles of creating a multi-agent sys-
tem for searching, extracting and interpreting information. These tasks are decom-
posed into the interaction of agents that form the basis of the software system for
monitoring current data. The formal architecture of the agent is offered, which
provides the representation of the function of the agent on the basis of its mental
model, given by the comparator. A multilayer agent model is proposed as a basis
for creating intelligent monitoring systems to perform management tasks based on
the ontological description of the processes of search, collection and evaluation of
relevant data. Based on the comparative analysis, an agent-oriented paradigm was
chosen for the implementation of the monitoring system of actual data. Formal
agent architecture is a tool that allows you to design agent behavior using clear
formal methods. The abstract architecture of the agent is given through the descrip-
tion of the environment in which the agent operates, the agent's perception of this
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environment and its actions. The tasks of searching for data sources, collecting and
measuring are decomposed into the interaction of agents that form the basis of the
software implementation of the method of searching and collecting monitoring da-
ta. The purpose of each type of agent is described in detail in the thesis.

To develop the software system, the Java programming language was used
and design patterns such as GoF, Dependency Injection template, SOLID princi-
ples and Clean Architecture were used. The main advantages of this approach are:
independence from frameworks and specific libraries; ease of testing - business
rules can be tested separately, without a user interface, databases, etc .; Ul inde-
pendence - the display can be changed without affecting other components of the
system, which reduces the chances of potential errors; platform independence -
business rules are not tied to the specifics of a particular platform; database inde-
pendence - the business logic of the application is not tied to a specific database,
which allows you to change it at any time without affecting other components of
the system. The reference model of interoperability of components of information
technology of monitoring of actual data is offered. The thesis substantiates the use
of microservice architecture and writing individual system modules as independent
programs, the execution of which will be processed by the agent platform.

Thus, the information technology of monitoring of actual data in the distrib-
uted information space for performance of management tasks by use of multiagent
architecture is developed in the work that gives the chance of the complex decision
of a monitoring problem. A prototype of a software system for monitoring up-to-
date data based on an agent-oriented programming paradigm using open source
software has been developed: the JADE agent platform, Ehcache access and cache
management technology, and the Protégé ontology editor.

The sixth section presents the results of experiments, the results of testing
and implementation of information technology and its individual stages on the ex-
ample of tasks of search, collection and extraction of data for management purpos-
es. As an example of the problem of information retrieval in the distributed infor-
mation space on the basis of the developed models of search of data sources and
the software system of the multi-agent platform the search of data sources concern-
ing efficiency of scientific activity of university is considered. The methods of in-
formation extraction developed in the work were tested at the collection of market-
ing information from trading platforms located on the Internet. It has been experi-
mentally investigated that the processing of textual information and the definition
of a set of keywords that describe a group of similar products makes it possible to
automate the process of clustering information objects based on the linguistic pro-
cessing of their textual description. The thesis presents the results of experiments
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on information retrieval, extraction of facts from textual information, formation of
tolerance classes of information objects, etc.

Developed models, methods and information technology are tested in solv-
ing practical problems of monitoring actual data. The obtained theoretical and
practical results are used in Publichnomu Aktsionernomu Tovarystvi «BANK
FORVARD» (Kyiv)); TOV Kharkivskyi Tekhnichnyi Tsentr Otsinky
«EKSPERTUS» (Kupiansk, Kharkivskoi obl.); Naukovo-doslidnomu tsentri Zbro-
inykh Syl Ukrainy «Derzhavnyi okeanariumy» (Odesa); TOV «KREDYT TU Yu»
(Kyiv); TOV «Saitos» (Kharkiv) and implemented into the educational process at
the Department of Software Engineering and Information Technology Manage-
ment NTU "KhPI".

The appendices contain acts and certificates on the implementation of the re-
sults of the dissertation research, a list of publications on the topic of the disserta-
tion and additional material to the sections of the work.

Keywords: information technology, monitoring, multi-agent system, data
retrieval and extraction.
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