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Ha3sBa po60oTH aHIJIiHCBHKOIO:

Methodology and information technologies for assessing and ensuring the safety of digital infrastructure of small

modular reactors

Pedepar yKpaiHCBKOIO:

Po3po6seHo MeToau aHasli3y pU3MKIB BiIMOB 32 3arajbHOI0 IPUYMHOIO Ta apPXITEKTYBAaHHS KEPYIOUMUX CUCTEM
aBapiliHOI 6e3IeKy, Ki Ha BigMiHy BiJl BilOMUX, BPaXOBYIOTb HAliHiCTh CUCTEM [1aCUBHOI 6€3I1eK1 MaJIuX
MOAy/IbHUX peakTopiB (MMP) Ta nigBUIYIOTh TOYHICTS i JOCTOBIPHICTb OLiHIOBAaHHS. PO3p0o6yieHO Moferi Ta
METOAY CTBOPEHHS TapAaHTO3aTHUX PO3IMOAiIEHUX CUCTEM OOPOOKY Ta 30epeskeHHS BeIMKUX JAaHUX JJ1s1 U POBOi
ingpactpykrypu (LIIC) MMP y Bursisai 6araropiBHeBOi cucTeMU, IapaMeTpH SIKOI IMHAMIYHO 3MiHIOIOTbCS, 3
BMKOPHCTAHHSIM TEXHOJIOTI XMapHUX /KpalloBUX / TYMaHHUX OOPOOOK JaHUX Y B JIITAl0OUOMY Ta HA3€MHOMY
CErMEHTax, sIKi BpaXOBYIOTb Pi3Hi BapiaHTH pe3epByBaHHS Ta MOKJIMBICTb OJJHO- Ta 6araTOCTyNeHeBOi gerpagauii ii
€JIeMEHTIB, 10 3abe3Meyvye NiABUIYBAaTH rapaHTO3ATHICTh cucTeM MOHiTOpuHry MMP. Po3po6yieHo MaTemaTuyHi
(MapKOBCbKi, OIHO- Ta 6araTopparMeHTHi) MOZeJIi CUCTEM AiarHOCTYBaHHS, aJITOPUTMHU OLiHIOBAaHHS Ta
IIPOrHO3YBaHHS MOKA3HUKIB TOTOBHOCTI IPOrpaMHO-anapaTHUX 3ac06iB i ckiagHoro obaagHanus MMP (CO MMP),
sIKi BpaxoBYIOTb, [10-TIEpIlIE, Pi3Hi CLieHapii ol1epaTuBHOrO0 KOHTPOJIIO Ta npodinakTuyHoro trectyBaHHs CO MMP,
[o-7Ipyre, MOXJIUBI Iepexoiy 40 MPOBEJeHHs NOAATKOBUX IIPOLielyp HaBYaHHS iHTeJIeKTyallbHUX 3aC00iB
IiaTHOCTYBaHHSI, IO-TPETE, Pi3Hi MHOXMHY 3MiHHUX NTAPaMETPIB LIMX 3aC00iB, 30KpeMa, JOCTOBIPHOCTI KOHTPOJIIO
(ITOMUJIOK APYTOro poay), IPOSIBY IPUXOBaHUX AedEKTiB TOIO, 0 3abe3evye MiABUIEHHS TOYHOCTI OLiHIOBaHHS
Ta yOe3IeyeHHs [1epexo/iiB B KPUTUYHI CTaHH, & TAKOXK HaZJaHHS KiJIbKiCHO-OOI'PYHTOBaHMX PEKOMEHIALlii
CTOCOBHO CTpareri 06cyropyBaHHs1. Po3po6sieHO MeTo , BUKOPUCTAaHHS (PJIOTIB 6€3MiJIOTHUX JIiTaJIbHYX anapaTiB
(BIJIA) npu MoHiTOpuHry 6e3neku MMP, skuii rpyHTyeTbcsl Ha onuci PpyHKUioHyBaHHS ¢ioTiB BITJIA y Burnsazi
XOJIOHIYHOI MyJIbTUAr€HTHOI CUCTEMU, 3aCTOCYBAHHI OHTOJIOTIi IPUKIANHOI 3a/a4i AJ151 BUSHAYEHHS CTPYKTYPH Ta
CKJIaly CUCTEMU MOHiTOpI/IHFy AJ11 BUBHAYE€HUX BUMOT Td YMOB HABKOJIMIIHBOT'O CEPENOBUIA, d TAKOXK MOILeJIeIL/‘I

[IOKPUTTS 3 yPaxyBaHHSIM PO3MipiB 30HU OOMEXKEHOTO JOCTYILY, CTIKOCTi CUCTEMU [0 IPOHMKHEHHSL.

Pedepar aHIJIiHCBKOIO:

Methods of analyzing the risks of common cause failures and the architecture of emergency safety control
systems have been developed, which, unlike the known ones, take into account the reliability of the passive safety
systems of small modular reactors (SMR) and increase the accuracy and reliability of the assessment. Models and
methods to create guaranteed distributed systems for processing and storing big data for the digital infrastructure
(DIS) of the SMR in the form of a dynamically changing multi-level system using cloud /edge /fog data processing
technologies in the flying and ground segments, which take into account various redundancy options and the
possibility of one and multi-stage degradation of its elements have been developed, which ensures increased
reliability of SMR monitoring systems. Mathematical (Markov, single- and multi-fragment) models of diagnostic
systems, algorithms for assessing and predicting the readiness indicators of software, hardware, and complex
equipment of MMR (CE MMR) have been developed, which take into account, firstly, various scenarios of
operational control and preventive testing of CE MMR, secondly, transitions to additional training procedures for
intelligent diagnostic tools are possible; thirdly, various sets of variable parameters of these tools, in particular, the
reliability of control (errors of the second type), the manifestation of hidden defects, etc., which ensures increased
accuracy assessing and ensuring transitions to critical states, and providing quantitatively based recommendations
for maintenance strategy. A method of utilization of unmanned aerial vehicle (UAVs) fleets for monitoring the



safety of SMRs, based on a description of the functioning of UAV fleets in the form of a holonic multi-agent system,
the use of an ontology of the applied problem to determine the structure and composition of the monitoring
system for certain requirements and environmental conditions, as well as coverage models taking int
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X. 3aKJII0YHI BiZOMOCTi

KepiBHHK I0pHAHYHOI 0COOH

IlepeJtik 0Cci0O-BHKOHABILiB

Bab6emko €Bred BacuiboBuY

(k. T.H.)

BpexxneB €BreH BitaniiioBuy
(1. T. H., 05.13.06)

KmomHikos Irop Mukosanosuy

(. T. H.)

decenko 'epmaH BikropoBuy
(m. T. H., 05.13.06)

XapueHKo BauecsnaB CepriiioBuy
(m. T. H., 20.02.14)

[lleBepnina Auna CepriiBHa

BignoBigasibHuUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB
Tenedpon

PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €

BiZIIOBiZaJIbHUM 32 peeCTpallilo HayKOBOi

OisSIIBHOCTI

JIntBuHOB OJsiekciii MUKoJ1ali0BUY

1. 10. H.

KimomHikos Irop Mukosainosud
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