AHOTALIA

Jo6ooa II.II. Metonu Ta mnporpamui 3aco0u oOpoOKM JaHUX UU(PPOBOTrO
nBiiHuKa  koHpalWHMeHTY  YOpHOOWIBCBHKOI  aTOMHOI  €JIEKTPOCTaHIli.  —
KBanidikamiitHa HaykoBa Ipallsd Ha MpaBax pPyKOIHCY.

JHucepTaltiist Ha 3700yTTS HAYKOBOTO CTYIEHs 10KTOpa (utocodii 3 rany3i 3HaHb
12 Tudopmamiitni TexHomorii 3a cnemiaipHicTIO 121 IHXkeHepis mnporpamMHoOro
3abe3neyeHHsa. — HamioHanbHuil TexHiuHMM YyHiBepcuTeT Ykpainu «KuiBchbkuit
MoMiTeXHIYHUHN 1HCTUTYT iMeHi [ropst Cikopcekoro», Kuis, 2023.

Hucepratiitna po6ota npucBsiueHa po3poOili HAyKOBO-METOJUYHUX M1XO/1B 10
cTBOpeHHs nudposoro apiiHuka HoBoro 6e3neunoro koHdaiinmenty YAEC.

ABapiss Ha ueTBepTOMYy peakTopi YOpHOOMIBCHKOI aTOMHOI €JIeKTPOCTaHIIIl
(YAEC) B kBiTHI 1986 porii cTana ogHier0 3 HAKOUIBIIMX TEXHOTEHHUX aBapii B icTOPii
JIOICTBA. 3 METOIO 3aXKUCTY HACEJICHHS Ta OTOUYIOYOro CepeIOBUIIA HaJl 3pYUHOBAaHUM
yeTBepTUM eHeproodiokoM YAEC Oyno 30ynoBaHo crieriajabHy CIopyay, 0 OTpuMaia
Ha3By O0’ekT « YkpuTTsi». OHaK MIaHOBUM TepMiH ekciuryaraiii O0’ekTy « YKPUTTSI»
(OY) cranoBuB nuie 30 pokiB, TOMYy 3 JOIMOMOTOI CBITOBOTO CITIBTOBApUCTBa OYyJO
noOy10BaHO HOBY 3axucHy cropyny «Hosuii 6e3neunnii kondaiument» (HBK).

HBK € yHiKaabHOIO BEJIMKOIO CKJIAJHOK CHCTEMOIO MiABUIIEHOI HEOE3NeKH 3
m1aHoBUM TepMmiHoM ekcrutyatanii 100 pokiB. OCHOBHOIO METOIO (PYHKI[IOHYBaHHS
HBK € 3axuct HaceneHHs ¥ TOBKIUIS BiJ MIKIJJIMBOTO PaJi0AKTUBHOTO 3a0pyIHEHHS
Ta 3a0e3MeueHHs] BUKOHAHHS poOIT 3 mepeTBopeHHss OY Ha eKoJIoriyHO Oe3neyHuit
00’ekT. B pe3ynbrari BIUNIMBY PI3HOMAHITHUX (DaKTOPIB (METEOPOIOTiUHI, pajialiiiyi,
poOOTH MO JEMOHTaXXY HecTaOUIbHUX KOHCTpYyKuUiM OY Tta inmi) B HBK BuHUKaIOTH
MPOIECH, IO 30UIBIIYIOTh KIJBKICTh Ta CKIAJHICTh €KCIUTyaTallliHUX 3aaa4 1
BUMAararoTh OIEPAaTUBHOTO MPUUHATTS PIlIEHh IEPCOHAIOM Ha OCHOBI aHami3y
MOTOYHUX Ta HAKOMMYEHUX 1ICTOPUYHUX NaHuX. OJHIE€I0 3 TaKUX 3a7a4 € YNpaBJIiHHS

BeHTWISIIHHUME ycTaHOBKaMu HBK mij BIJIMBOM MEBHOTO BITPOBOTO HAaBAHTAKEHHSI.
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[lutanHsiM MoJenmOBaHHSA, aBTOMaru3alli ympasiiHHsS mnponecamu HBK,
PO3BUTKY #oro iH(MOpMAIIMHUX CHUCTEM MPHUCBAYEHI pOOOTH TAaKUX YKPATHCHKHUX Ta
3akopaoHHux BueHuX sk IL.I. Kpykoscekuii, €.B. [Janromko, [1.I. Cxiaapenko, B. O.
Kpacnos, A. B. Hocoscrkuii, B. M. Pynbko, B. M. Illep6ina, B.I'. bariii, A.O. Ci308,
. B. ®enopuenko, A.O. Xonomiok, €.M. Ilucemennuii, Pobept Yoppen, Jxozed
Kapcon, Knayc lInaitnep, XKan-XKak 'abpiens Bernd Kratz, Florian Wieduwilt Ta 1ixmi.

BuzHaroun HayKoBY 1 MPAaKTUYHY LIHHICTh HASIBHUX POOIT, CIiJ 3a3HAYUTH, 11O
1CHYI0Y1 MOJIEN1 IO3BOJISIFOTH MPOrHO3YBAaTH Ta OLIHIOBATH pi3HI xapakTtepuctuku HBK,
OJlHAK BOHHU HE YTBOPIOIOTH €JAMHOI I1HTETPOBAHOI CHUCTEMHU MOJCIIOBAHHS.
Indopmarniiini cuctemu HBK peanizytoTs ynpaBmiHHS HOTO MpoliecaMu, OJHAK AEsKl
nporecu (HampuKiIad, YNPaBIIHHSI BEHTWISAIIE0) MOTPeOyIOTh aBTOMAaTH3aIlli Ta
3a0e3MeueHHss MIATPUMKH OPUHHATTA pimieHb. KpiM TOro, HasBHI i1H(}OpMaliifHi
CUCTEMHM MalOTh HEAOCTaTHI MOXIUBOCTI it 3D Bigyamizamii iH@opmaiii Ta
MPOTHO3YBaHHS.

Takum YMHOM, BUHUKAE MPOTUPIUUS MK 301IBIIIEHHSIM KIIBKOCTI Ta CKIaAHOCTI
3amay o0poOku nanux npu ekcruryarainii HBK B yMoBax oOMekeHMX MOMKIIMBOCTEH
Horo iHdoOpMalIMHUX CHUCTEM Ta MOTPEOOI0 B 3MEHILICHHI Yacy Ha MNPUAHSITTS
OOTpyHTOBaHUX pIIIEHb NEPCOHAJIOM MpPH BHPIIICHH] LHUX 3ajad. BpaxoByrouu
Cy4YacHHI CTaH METO/IIB Ta 3aC001B MPOTPaMHOI 1HXKEHEPIi, B SIKOCTI 0a30BOT KOHIIEMIIIT
BUPIIICHHS [[LOTO MPOTUPIYYS Ta BIAMOBIIHOTO PO3BUTKY 1H(GOPMAIIHHUX TEXHOJIOT1H
HBK B ocsixHOMYy MaitOyTHbOMY Oyiia 00paHa TEXHOJIOT1s HU(POBUX ABIMHUKIB.

[Ipobnemaruill po3poOKH Ta 3aCTOCYBaHHS LHU(PPOBUX ABIMHHUKIB MPUCBAYCHI
poootu Cynemu €. C., quuku LLA., Grieves M., Traar G., Karner M., Kritzinger W.,
Henjes J., Sihn W., M.Grieves, J.Vickers, A.Saddik, H. Zhang, Madni Azat M., Madni
C., I'aspunka €.B., CaBenbeBa M.B. Ta Oararbox iHmux. [ludposi nBiitHUKEU
3aCTOCOBYIOTBCSl I 1HTEJNEKTyali3alil YHpaBiIlHHSA EKCIUTyaTall€lo 00’ €KTIB,
HaBYaHHS TEpCcoHaNy, Bi3yamizamis 1HdoOpMalii, NPOrHO3yBaHHS, MIATPUMKHU

MPUMHATTS pIllIeHb, 3aNI00ITaHHsT HAJ3BUYAWHUX CUTyallld Ta iX mojonaHHio. IcHye
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JIOCTaTHbO BEJIWKA KUIBKICTh MPOTPaMHHUX MPOAYKTIB sl MOOyAOBH IU(POBUX
nBifHUKIB. OJgHAaK HA CbOrOJHI BIACYTHI y3arajibHEHI KOMIUIEKCHI HayKOBI1
JTOCHIIPKEHHS B Taty31 1HXKEHepil MporpaMHOro 3a0e3nedeHHs, 1o GopMyroTh HTICHE
OaueHHsI TpoOJIEeMaTUKU CTBOPEHHS MU(POBUX JBIMHUKIB HAJABEIUKHUX, pajlaliiiHO 1
sa/iepHO HeOe3neuHux 00'ekTiB, skuM € equnuil y cBiTi HBK HAEC, Tomy akTyanbHUM
€ BHUPIIICHHS HAYKOBOTO 3aBAAaHHS 3 PO3POOKU apXITEKTYpH, METOAY 1 MPOrPAMHOTO
3abe3rneueHHs 00poOku ganux mudposoro AsiitHnka HBK YHAEC.

Meroto auceptaniiHoi poOOTH € MOKpallaHHS MOXJIUBOCTEH OOpOOKH IaHUX
JUtst aHani3y 1 ympasiiHHs cranoM HBK mmsixoMm po3poOku moB'si3aHuX 3a €ITMHUMU
KOHIENTYyaTbHUMHU M1IX0aMU apXiTEKTYpH, METO/I1B, MOJIEJICH Ta MpOrpaMHUX 3aC001B
roro mudpoBoro napiviHuKa. JJIsT JOCSATHEHHS MOCTaBICHOI METH BHKOHAHO YaCTKOBI
3aBJaHHS: aHalli3 MpPU3HAYEHHS, (DYHKIIOHATBHUX MOXKJIMBOCTEH, apXITEKTypu Ta
OCHOBHHX XapaKTEPUCTUK ICHYIOUUX 1H(POpMaLIHUX CUCTEM YIIPaBIiHHS Ta 00pOOKHU
nanux HBK; gocnimkeHHs: cyyacHUX MIAXOAIB A0 0OpOOKM JaHUX MPH MOICITIOBAHHI
Ta ynpaBmiHHI mnpouecamu HBK; o xonmenmii nudpoBUX ABIMHUKIB Ta
ocobmuBOCTE 00pOOKM JaHUX B HUX; (POPMYBaHHS BUMOT 10 IU(POBOro JBiiTHUKA
HBK Tta po3pobxa ioro apXitTekTypu; po3pooka Mojeli 00poOKHu JaHuX y 0a3ax JaHUX
Ta 3HaHb I1u@ppoBoro asiHMka HBK; po3poOka apxiTekTypu mOporpamHOro
3abe3neuenHs 3D Bizyamizamii iH@opmanii crtany 1udpoBoro asitHuka HBK;
po3poOKa METOAY 1 MPOrpaMHOro 3ade3rneyeHHs HU(POBOro ABIMHUKA JJIsl KEPYBAHHS
BenTuisAniero HBK Tta #ioro mepeipka.

HayxoBa HOBU3HA pe3yabTaTiB JOCHIIKEHHS MOJISITA€ B HACTYITHOMY.

Bnepiie po3pobneno OaratopiBHEBY apxiTekTypy uudpoBoro apiitnuka HBK,
AKa BpPaXOBY€ OCOOIMBOCTI OO0 ’€KTy aBTOMaTu3allii, B3a€MOII0 3 HasBHUMU
iH(popMaLIfHUMU CUCTEMaMH, MOJENI Ta aJrOPUTMH YHOPABIIHHA Ta NPUUHITTS
pilIEHb, 10 AO3BOJIMIIO BU3HAYUTH MIIXOAU A0 PO3POOKU MPOrpaMHOTo 3a0e3neueHHs

urdpoBoro ABiitHUKA.
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Otpumana mojanplinii po3BuTOK Momenb 0a3zu manux HBK YAEC, mo Ha
BIIMIHY BiJ B1IOMHX MOOyJOBaHa 3a PaxXyHOK IHTErpallii B CTPYKTypax JaHUX HOTo
uudpoBoro ABiMHKMKA 1HGOpPMAIIT 3 PI3HUX MIJCUCTEM 3 BPaxXyBaHHSIM MPOCTOPOBUX
KOOpJMHAT, YacOBOi JAMHAMIKM Ta 3MIH OOJagHAaHHS, 10 MOJIMIIMIO MOXKIJIUBOCTI
00poOKHU ICTOPUYHUX JaHUX, Bizyanizailii Ta nporno3yBanHs crany HBK HAEC.

Bnepiiie po3pobiieHa apxiTekTypa mporpamHoro 3abesnedeHss 3D Bizyamizarii
iH@opmarrii crany mudpororo asitHuka HBK, 1110 mobymoBaHa Ha OCHOB1 TEXHOJIOTIT
MIKpPOCEPBICIB 3 BUKOpUCTaHHSM Iu(ppoBux reomerpuunux mozaeneit HBK ta OV, sxa
no03BoMaa peanizyBatu 3D Bizyamizallito JaHMX Ta MOKPAIIWIO MOXKIIMBOCTI aHAi3y
crany HBK.

Bnepuie po3pobrneno meron kepyBaHHs BeHTwisiniero HBK Ha ocHOBi ioro
ur@poBoro ABIMHHKA, HOBHU3HA SIKOTO TMOJATa€ B BUKOPUCTAHHI HEUPO-HEUITKUX
MojieNiel JJisl po3paxyHKy BUTpAT BEHTWISALIMHUX YCTaHOBOK, 110 BPaXOBYIOTh CTaH
THUCKIB B OCHOBHOMY 1 KublieBoMY npoctopl HBK, 110 no3Bonuno nokpamuTu mpoiec
MPUUHATTS PIllIEHb IEPCOHATIOM.

[lepeBipka Ha KOHTPOJBHIM BUOIPI MOKa3ala, 10 MOXHOKAa PO3pPaxyHKIB MO
PO3pOOIECHUX HEUPO-HEUITKUX MOJesAx He mepeBulnye 2.5% ta 3.2%, 1o cBITUUTH
PO iX aJIEKBAaTHICTh Ta MOXKJIUBICTh MPAKTUYHOIO 3aCTOCYBaHHSI.

[IpakTuHe 3HAYEHHSA OACPKAHUX pE3YyIbTaTIB IMOJSArae B TOMY, MO 1X
BUKOPUCTAHHS MIJABUIIUIIO PIBEHb aBTOMATH3allil MPOEKTYBAIbHUX POOIT, pO3IIUPUIIO
MOXJIMBOCTI 0OpOOKM JaHUX Ta MIATPUMKHU MPUUHSATTS PIIIEHb B 33/1a4aX YMpPaBIiHHS
BEHTWISIIIIMHUMHU CHUCTEMaMHU Ta JIO3BOJIMJIO TOJIMIIUTH HaBYaJIbHUU Mpouec 3
niaroroBku BupoOHuuoro nepconany HBK UAEC. 3acTtocyBanHs 3amponoHOBaHOIO
METOY HEUpPO-HEUITKOrO0 YIMPaBIIHHS BEHTWISIIMHUMHU CUCTEMaMHU JO3BOJISIE
CKOPOTUTHU HEOPraHi130BaH1 BUKUIM MOBITPS 3 paJllOaKTUBHUMU aepo3osisiMu 13 HoBoro
oesneynoro koHdaiinmenta YAEC B oTouyiode cepeloBHINE B CEPEAHHLOMY Ha
17,2%. Pe3ynpTaTu MOCHIIKEHHS NOPUIHATO A0 BOPOBAKEHHS B JlepkaBHOMY

cnenianizoBanomy mignpueMctBl  «HopuoOunbcbka AEC» (Ne 6700-149 Big
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29.06.2023); B Incturyti Texuiunoi temnodizuku HAH VYkpainu (akt peanizaiii Bif
08.09.2023 p.); B HaByaibHOMY mpolieci HailioHaIbHOTO TEXHIYHOTO YHIBEPCUTETY
Vkpainu «KuiBcbkuii momiTexHiyHUM 1HCTUTYT iMeHl Iropss Cikopchkoro» (axt
peamzamii Bim 13.09.2023 p.) npu BukinaganHi gucuumuiiHg - «IIpoekTyBaHHs
1H(pOpMaLITHUX CUCTEM 3 HEUITKOIO JIOT1KOIO».

Bupimiene B aucepramiiHoMy JOCHII)KEHHI HAayKOBE 3aBJIaHHS Ma€ 1CTOTHE
3HAQUEHHS JJIsI TEOPETUUYHHX OCHOB CTBOPEHHS Ta YAOCKOHAJIEHHS MPOrPaMHOrO 1
aNTOPUTMIYHOTO 3a0e3leUYeHHs [JIs aHalli3y, MNPOTHO3YBaHHS Ta YIpPaBIIHHS
npouecamu HBK.

OTpuMaHi HayKOB1 Pe3yJbTaTH IOCTIIKEHb € BarOMUM BHECKOM Y PO3BUTOK
TEOPETUYHUX 1 NPUKIATHUX OCHOB MPOrPAMHOI 1HXKEHEPli CTOCOBHO pPO3POOKHU
uupoBUX ABIMHUKIB, MOACIIOBAHHS Ta aBTOMaru3ailii ynpasiiHHs, 3D Bizyamizamii
nanux npoueciB HBK, mo € cknanoBoro BHpilIeHHS 3aaadl 3a0€3MeYeHHsT 3aXUCTy
HaceJIeHHs Ta JOBKULIA BiA HachiakiB aBapii Ha HAEC.

B sK0CTi MOXIUBHX MONANBIINX HATPSIMKIB MIPOJIOBAKEHHS JOCTIIXKEHHS MOXKHA
BIAMITUTH HAIOBHEHHS O1010TEKM Mojesiel Ta 0107110TeKH aaropuTMiB HU(POBOTO
neiitnnka HBK nuisixom cuctemaTu3aiiii icHyI04MX MOJIENIEH 1 anTOPUTMIB Ta PO3POOKHU
HOBHUX, CTBOpEeHHS 1Iu(poBOi reoMeTpuuHoi Moaeni ycrarkyBanHs HBK, mocranoBku
Ta BUPIIMIEHHS 33a/1a4 PO3pOOKU MiJICUCTEM MIATPUMKHU NPUUHATTA PILIEHb B MEXax
3aMpoOINOHOBAHOI B pOOOTI apXITEKTYpH HU(PPOBOTO JIBIITHUKA.

KurouoBi ciioBa: nudpoBuii 1BiIMHUK, MporpaMHe 3a0e3MeUeHHs, MO/IeIb JaHUX,
HOBUM Oe3neyHuil KOoH(pAMHMEHT, apXiTeKTypa cucTeMH, iHdopMmalliiiHa CHCTEMa,
iHopMmaIliifHa TEXHOJIOTis, HeWpo-HeUiTKa Mepeka, HeuiTKa Jiorika, 0a3a JaHuX,
MOJICJIIOBAaHHS, MIATPUMKA MPUUHATTS pIllIEHb, aBTOMaTHU30BaHa CHCTEMa, O0OpoOKa

nanux, 3D Bizyamizaliisi.



ANOTATION

Loboda P.P. Methods and software tools for data processing of the digital twin
of the confinement of the Chernobyl nuclear power plant. — Qualifying scientific work,
the manuscript.

PhD thesis in the field of knowledge 12 Information technologies in a specialty
121 Software engineering. — National technical university of Ukraine “Igor Sikorsky
Kyiv polytechnic institute”, Kyiv, 2023.

The dissertation is devoted to the development of scientific and methodological
approaches to the creation of a digital twin of the New Safe Confinement of the
Chernobyl Nuclear Power Plant.

The accident at the fourth reactor of the Chernobyl nuclear power plant (ChNPP)
in April 1986 became one of the largest man-made accidents in the history of mankind.
In order to protect the population and the surrounding environment, a special structure
was built over the destroyed fourth power unit of the Chernobyl Nuclear Power Plant,
which was named the "Shelter Object". However, the planned operational life of the
"Shelter Object" (SO) was only 30 years, so with the help of the international
community, a new protective structure "New Safe Confinement" (NSC) was built.

NSC is a unique large complex system of increased danger with a planned service
life of 100 years. The main purpose of the operation of the NSC is to protect the
population and the environment from harmful radioactive pollution and to ensure the
implementation of works to transform the SO into an environmentally safe facility. As
a result of the influence of various factors (meteorological, radiation, work on
dismantling unstable structures of the SO, and others), processes arise in the NSC that
increase the number and complexity of operational tasks and require prompt decision-
making by personnel based on the analysis of current and accumulated historical data.
One of these tasks i1s the management of NSC ventilation units under the influence of a

certain wind load.



8

The works of such Ukrainian and foreign scientists are devoted to issues of
modeling, automation of NBK process management, development of its information
systems as P.G. Krukovskyi, E.V. Dyadyushko, D.I. Sklyarenko, V.O. Krasnov, A.V.
Nosovskyi, V.M. Rudko, V.M. Shcherbina, V.G. Batii, A.O. Sizov, D.V. Fedorchenko,
A.O. Kholodyuk, E.M. Pysmennyi, Robert Warren, Joseph Carson, Klaus Schleider,
Jean-Jacques Gabriel Bernd Kratz, Florian Wieduwilt and others.

Recognizing the scientific and practical value of the existing works, it should be
noted that the existing models allow forecasting and evaluation of wvarious
characteristics of the NSC, but they do not form a single integrated modeling system.
Information systems of the NSC implement the management of its processes, however,
some processes (for example, ventilation management) require automation and support
for decision-making. In addition, existing information systems have insufficient
capabilities for 3D visualization of information and forecasting.

Thus, there is a contradiction between the increase in the number and complexity
of data processing tasks during the operation of the NSC in conditions of limited
capabilities of its information systems and the need to reduce the time for making
informed decisions by personnel when solving these tasks. Taking into account the
current state of methods and means of software engineering, the technology of digital
twins was chosen as the basic concept of solving this contradiction and the
corresponding development of information technologies of the NSC in the foreseeable
future.

The works of E. S. Sulema, I. A. Dychka, M. Grieves, G. Traar, M. Karner, M.
Kritzinger, J. Henjes, J. Sihn, M. Grieves, J. Vickers, A.Saddik, H. Zhang, Madni Azat
M., Madni C., Havrilka E.V., Savelieva M.V. and many others are devoted to the
problems of development and application of digital twins. Digital twins are used for the
intellectualization of facility operation management, personnel training, information
visualization, forecasting, decision-making support, prevention of emergency situations

and their overcoming. There is a fairly large number of software products for building
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digital twins. However, to date, there are no generalized comprehensive scientific
studies in the field of software engineering that form a holistic vision of the issue of
creating digital twins of super-large, radiation- and nuclear-dangerous objects, which is
the only one in the world, the NSC of the ChNPP, therefore the solution of the scientific
task of developing the architecture, method and software for data processing of the
digital twin of the NSC of the ChNPP is urgent.

The aim of the dissertation work is to improve data processing capabilities for
analysis and management of the state of the NSC by developing architecture, methods,
models and software tools of its digital twin connected by unified conceptual
approaches. To achieve the goal, partial tasks were completed: analysis of the purpose,
functional capabilities, architecture and main characteristics of the existing information
systems of management and data processing of the NSC; research of modern
approaches to data processing in modeling and management of NSC processes;
overview of the concept of digital twins and features of data processing in them;
formation of requirements for the digital twin of the NSC and development of its
architecture; development of a data processing model in databases and knowledge of
the digital twin of the NSC; development of software architecture for 3D visualization
of information about the state of the digital twin of the NSC; development of the method
and software of a digital twin for controlling the ventilation of the NSC and its
verification.

The scientific novelty of the research results is as follows.

For the first time, a multi-level architecture of the NSC digital twin was
developed, which takes into account the features of the automation object, interaction
with existing information systems, management and decision-making models and
algorithms, which made it possible to determine approaches to the development of
digital twin’s software.

The model of the database of the NSC of the ChNPP received further

development, which, unlike the known ones, was built due to the integration in the data
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structures of its digital twin of information from various subsystems, taking into
account spatial coordinates, temporal dynamics and changes in equipment, which
improved the possibilities of processing historical data, visualization and state
forecasting of the NSC of the ChNPP.

For the first time, the software architecture for 3D visualization of information
on the state of a digital twin of the NSC was developed, built on the basis of
microservices technology using digital geometric models of the NSC and SO, which
enabled the implementation of 3D data visualization and improved the capabilities of
NSC condition analysis.

For the first time, a method of controlling the ventilation of the NSC was
developed based on its digital twin, the novelty of which is the use of neuro-fuzzy
models to calculate the costs of ventilation units, taking into account the state of
pressures in the main and ring space of the NSC, which made it possible to improve the
decision-making process of personnel.

The check on the control sample showed that the calculation error of the
developed neuro-fuzzy models does not exceed 2.5% and 3.2%, which indicates their
adequacy and the possibility of practical application.

The practical significance of the obtained results is that their use increased the
level of automation of design work, expanded the possibilities of data processing and
decision-making support in the tasks of managing ventilation systems, and made it
possible to improve the training process for the training of production personnel of the
ChNPP. The application of the proposed method of neuro-fuzzy control of ventilation
systems allows to reduce unorganized emissions of air with radioactive aerosols from
the NSC of the ChNPP into the environment by an average of 17.2%.

The results of the study were accepted for implementation at the State
Specialized Enterprise "Chernobyl NPP" (No. 6700-149 dated 06/29/2023); at the
Institute of Technical Thermophysics of the National Academy of Sciences of Ukraine

(deed of implementation dated September 8, 2023); in the educational process of the
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National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

(implementation act dated 13.09.2023) when teaching the discipline "Designing
information systems with fuzzy logic".

The scientific task solved in the dissertation study is of significant importance
for the theoretical foundations of the creation and improvement of software and
algorithmic support for analysis, forecasting and management of the NSC processes.

The obtained scientific research results are a significant contribution to the
development of the theoretical and applied foundations of software engineering in
relation to the development of digital twins, modeling and automation of control, 3D
visualization of NSC process data, which is a component of solving the problem of
ensuring the protection of the population and the environment from the consequences
of the accident at the Chernobyl NPP.

As possible further directions for the continuation of the research, it is possible
to note the filling of the library of models and the library of algorithms of the digital
twin of the NSC by systematizing existing models and algorithms and developing new
ones, creating a digital geometric model of the equipment of the NSC, setting and
solving the problems of developing decision-making support subsystems within the
framework of the digital twin architecture proposed in the work.

Keywords: digital twin, software, data model, new safe confinement, system
architecture, information system, information technology, neural fuzzy network, fuzzy
logic, database, modeling, decision support, automated system, data processing, 3D

visualization.



