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Pedepar:

1. Incepranjiiina po60oTa IpucBIYeHa po3pooblii HAYyKOBO-METOIUYHUX ITiAXOIiB 10 CTBOPEHHS LM(PPOBOro ABiITHMKA
Hogoro 6e3neynoro koH@anHMeHTy YAEC. Bu3Ha04M HayKOBY i MPAaKTUYHY LiHHICTb HAsSIBHUX POOIT, CIIif
3a3HAYUTH, IO iCHYIOUi MOZEeJli JO3BOJISIOTh IPOTHO3YBATH Ta OLiHIOBATH Pi3Hi Xxapakrepuctuku HEK, ogHak BoHM
He YTBOPIOIOTh €[JMHOI iHTErpOBaHOi CUCTEMU MoJetoBaHHs. IHpopmaniiiHi cucremu HBK peanisyioTs ynpaBiiHHs
1ioro npouecamu, OfHaK AesKi IpolecH (HalpUuKiak, YIPaB/IiHHSI BEHTUISLIE0) IOTPeOYIOTh aBTOMATH3Aallii Ta
3a6e3reyeHHs MiITPUMKY NIPUIAHATTS pimeHb. KpiMm Toro, HasBHI iHpopMalliiiHi cuCTeMU MalOTh HEIOCTAaTHI

MoxxiBocCTi asist 3D Bisyasizauii iHpopmaliii Ta mporHo3yBaHHs. TakKuM YMHOM, BUHMKAE [IPOTUPIYYS MiXK



30iIbIIEHHSM KiJIBKOCTI Ta CKJIAIHOCTI 3a7a4 06po6Ku gaHux npu exkcrryaranii HBK B yMoBax o6MesxeHux
MOXJIMBOCTEH 1oro iHpopmMaLiiiHUX cUCTeM Ta IOTPe6OI0 B 3MEHILIEeHHI Yacy Ha IPUNHSTTS OOIPYHTOBAHUX pillleHb
[IepCOHAJIOM IIPU BUPIillleHH] XX 3aa4. BpaxoByo4uu cyyacHUI CTaH METO[IiB Ta 3aCc06iB IpOrpaMHoi iH>XeHepii, B
SIKOCTi 6230B0i KOHLEMLii BUPilIeHHS IbOTO MIPOTUPIYUs Ta BiANOBIZHOIO PO3BUTKY iHPOPMALiITHMX TEXHOJIOTIN
HBK B ocsbkHOMY MaiibyTHbOMY OyJla 0OpaHa TeXHOJIOTis HM(POBUX ABiIHUKIB. MeTOl0 AucepTauiiiHoi po6oTu €
IIOKpAaIlaHHS MOXKJIMBOCTEN OOPOOKY NaHUX [1Jis aHasi3y i ynpasiiHHs ctaHoM HBK miisixom po3po0Ky MoB's13aHUX
3a €IMHMMU KOHLENTYaJIbHUMU MiX0AaMU apXiTeKTypU, METOLiB, MOJEJIEl Ta IPOrpaMHHUX 3ac06iB 10ro
M(pPOBOro ABiMHMKA. 17151 HOCSITHEHHS IOCTABJIEHOI METH BUKOHAHO YAaCTKOBI 3aBJIAHHS: aHAJI3 IPU3HAYEHHS,
(YHKLIOHATBHUX MO>KJIMBOCTE, apXiTEKTYPH Ta OCHOBHUX XapaKTePUCTUK iCHyIOUMX iHpOopMalLiiiHUX CUCTEM
yIpailiHHS Ta 06po6ku ganux HBK; nocsiinskeHHs cy4acHUX MiIXOJiB 10 0OpOOKM JaHUX NP MOZEJIIOBaHHI Ta
ynpasiiHHi npouecamu HBK; orsisap koHUenuii 11ppoBrx ABiHUKIB Ta 0COOIMBOCTEN 0OPOOKU JAHUX B HUX;
¢dopmyBaHHs BUMOT 10 1udposoro asiiHrKa HBK Ta po3pobka fioro apxiTeKTypu; po3pobka Mofelli 06pooKu
IAHWX y 6a3ax JaHUX Ta 3HaHb Ludposoro Asilinuka HBK; po3po6ka apxiTekTypu nporpamHoro 3abesnedeHHs 3D
Bizyasizanii ingpopmatii crany undposoro asifinuka HEK; po3po6ka meTony i nporpamMHoro 3abe3ne4eHHs
uM@poBOro ABiMHMKA AJ11 KepyBaHHS BeHTussnieo HEK ta iioro nepesipka. HaykoBa HOBU3HA Pe3y/bTaTiB
IOCJIiIKeHHS [10JIra€e B HaCTyIIHOMY. Briepiie po3po6seHo 6araTopiBHeBy apxiTekTypy nudposoro asiiHuka HEK,
sIKa BpPaxoBye 0COOJIMBOCTI 00’€KTY aBTOMATU3allii, B3a€EMOIiI0 3 HassBHUMU iHOPMaLiiHUMU CUCTEMaMU, MOJIEJIi Ta
aJITOPUTMHU YIIPaBJIiHHS Ta IPUMHSTTS PillleHb, 0 JO3BOJINJIO BU3HAYUTHU IiIXOAU 0 PO3POOKM IPOrPaMHOrO
3abe3nedyeHHs HU@PoBoro AsiliHMKa. OTpuMara Mojaabinii pO3BUTOK Mogesb 6a3u ganux HBK YAEC, mo Ha
BigMiHY Bif BinoMux 1106yioBaHa 32 paXyHOK iHTerpallii B CTpYKTypax JaHuX Horo uudpoBoro npiliHUKa iHpopmarii
3 pi3HUX MiJCACTEM 3 BPaXyBaHHSIM IIPOCTOPOBUX KOOPJMHAT, 4aCOBOi AMHAMIKU Ta 3MiH 00J1alHaHHS, 110
HOJIIIIMIIO MOXKJIMBOCTI 0OPOOKM iCTOPUYHMX JIAHUX, Bidyasnizalii Ta mpornosyBanHs crany HBK YAEC. Bniepuie
po3pobiieHa apXiTeKTypa IIporpamHoro 3abdesneyeHHs 3D Bisyasnizauii inpopmariii crany nudposoro aiiHuka HBK,
1110 10OyA0OBaHa Ha OCHOBI TEXHOJIOTiI MiKPOCEPBIiCiB 3 BUKOPUCTAHHAIM LU(PPOBUX reomeTpuyHux mopeneit HBK ta
OV, ska pgo3Bosnuia peanidyBatu 3D Bidyasnizaliio JaHUX Ta NOKPAIIXIO MOKJIMBOCTI aHaii3y ctany HEK. Briepiue
po3pobiieHo MeTon, KepyBaHHs BeHTUssALielo HEK Ha ocHOBI fioro 1udpoBoro ABifiHNKA, HOBHU3HA SIKOTO I1OJISATA€E B
BUKOPMCTaHHI HEMPO-HEUITKUX MOJEJEN [JI1 PO3PaxXyHKY BUTPAT BEHTUJISILIIMHUX YCTAaHOBOK, 110 BPAaXOBYIOTb CTaH
THCKiB B OCHOBHOMY i KiiblleBoMy nIpocTopi HEK, 110 103B0OINIIO TOKPALIUTHU [IPOLEC IPUNHATTS pillleHb
nepcoHasnoM. [lepeBipka Ha KOHTPOJIBHIN BUOIPIIi TOKa3asa, 0 NOXKUOKa PO3PaxyHKIB 10 PO3p0O6JIEHUX HENPO-
HEYITKUX MojeJsax He nepesuiye 2.5% ta 3.2%, o CBiZYUTh PO iX aJeKBaTHICTb Ta MOKJIMBICTb IPAaKTUYHOTO
3acTocyBaHHs. [IpakTUYHe 3HAaYEHHS OJlEP>KaHMX PE3YJIbTATIB M0JIAra€e B TOMY, 10 iX BUKOPUCTAHHS MiABUIINIIO
piBE€Hb aBTOMATH3ALlii IPOEKTYBAJIbHUX POOIT, PO3MIMPUIIO MOKIINBOCTI OOPOOKM NaHUX Ta MiATPUMKU IPUNHSITTS
pilieHs B 3a7ja4ax yIIpaBliHHA BEHTUJIALIMHUMYA CUCTEMaMU Ta JO3BOJIUJIO MOJINIINTY HaBYaIbHUIA NIPOLEC 3
nigrorosku Bupo6bHuyoro nepconany HEK YAEC. 3acTocyBaHHS 3alIpOIIOHOBAHOTO METOLLY HEMPO-HEeYiTKOro
VIPaBJliHHS BEHTWISILITHUMY CUCTEMaMU JJO3BOJIslE CKOPOTUTU HEOPraHi30BaHi BUKMIY IOBITPS 3 Pai0aKTUBHUMU
aepososigamu i3 HoBoro 6e3nednoro koHgainmeHnta YAEC B 0Touylo4e cepefoBulle B CepeIHbOMY Ha 17,2%.
PesysnbTatul JOCAIIKEHHS IPUNHATO 10 BIIPOBAJI)KEHHS B [lep>KaBHOMY CIleliasi30BaHOMY HiAIPUEMCTBI
«YopHobunbceka AEC» (N2 6700-149 Big 29.06.2023); B IncTuTyTi TexHiuHOI Temnodizuku HAH Vkpainu (akT
peanizauii Bin 08.09.2023 p.); B HaBYasIbHOMY Iponeci HalioHasbHOTO TEXHIYHOTO YHIBEPCUTETY YKpaiHu
«KuiBCcbKU NOJIITEXHIYHUN iIHCTUTYT iMeHi Iropst CikopcbKoro» (akr peasnizauii Big 13.09.2023 p.) npu BUKJIafaHH]
pucuuriiny «[IpoexTyBaHHS iHQOpMaLifHUX CUCTEM 3 HEYIiTKOIO JIOTiKo10». BupilieHe B guceprauiiiHoMy
IOCJiIKeHHI HAyKOBe 3aBJIaHHS Ma€ iCTOTHE 3HAU€HHSI /1J11 TEOPETUYHUX OCHOB CTBOPEHHS Ta Y OCKOHAIEHHS

IIPOTrPaMHOIO i aJITOPUTMIYHOTO 3a6€3MeYeHHs [IJIs1 aHaJIi3y, IPOrHO3yBaHHs Ta yIpaBiliHHs npouecamu HBK.

2. 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. Existing models allow forecasting
and evaluation of various 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. 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. 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 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 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 NTUU “Igor Sikorsky Kyiv Polytechnic Institute”
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Micue3HaxoaKeHHS: ByJ1. CosIOM'SIHCBKA, Oy, 7, Kuis, 03680, YkpaiHa
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. Kpasuos 'eopriit OsekciioBuy

2. Georgii Kravtsov

KBasigikamis: . 1. 1., 01.05.02
InenTudikarop ORCID ID: 0000-0003-1915-4897
JopaTrkoBa inpopmanis:

IloBHe HafIMeHyBaHHSI IOPUIUYHOL 0COOH: [HCTUTYT TPOGIEM MOJIE/IIOBaHHs B eHepreTuli im. I, €.

[TyxoBa HanjionanbHoi akageMii Hayk YKpaiHu

Kopg 3a €IPTIOY: 05516949

Micue3HaxoaKeHHS: ByJ. ['enepasna Haymosa, 6yz. 15, Kuis, 03164, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiiHHS: Haujonanbha akazemis HayK Ykpainu

InenTudikarop ROR: He zacrocosyerscs

Penensentu

BiacHe IIpi3Buie Im'sa Ilo-6aThKOBI:
1. ®egoposa Haranis BonogumupisHa

2. Nataliia Fedorova

KBasigikamis: n.1.1., nouenr, 05.12.02
InenTudgikarop ORCID ID: 0000-0002-4548-4198
JoparkoBa indpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npociekT bepecTeiichKuii, oyz. 37, Kuis, 03056, Ykpaina
dopma BiracHOCTI: lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BsacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Bosomyk Bosogumup AHatosninnoBuy

2. Volodymyr A. Voloshchuk
KBasigikanis: 5.1.1., npod., 01.05.02
Imentudikarop ORCID ID: 0000-0003-0687-8968

JoparkoBa indopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi

OisIJIBHOCTI

Cynema €srenia CraHiciasiBHa

Cynema €srenisa CraHiciaBiBHa

Jlo6oma Ietpo ITeTpoBuy

VKpIHTEI

Opuenko Tetsana AHaTosiiBHa



