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Pedepar:

1. Inceprauifina po60Ta IPUCBAYEHA IMTAHHSIM yIOCKOHAJIEHHS CIIOCOOY KOHTPOJIIO CTaHy 3aXUCHUX 6ap’epiB Ha
AQTOMHUX €JIEKTPUYHHUX cTaHLisIx (AEC) mIs1xoM po3paxyHKOBOTO OOIPYHTYBaHHS 3HAU€HHSI YCTABKU 3aITyCKy
aBTOMAaTH30BaHOTO aJITOPUTMY YIIPaBJIiHHS Te€4aMU 3 I1eploro KoHTypy B aApyruii (TTIK]) 3a Beam4unHow0
NOTY>KHOCTI nnorsimHeHoi no3u (I1I1]11) 6ins naponposozis naporeneparopa (I1T), sika Kopesoe 3 BeIUIMHOIO
06’emHoi akTUBHOCTI (OA) B 061aCTi fleTeKTyBaHHs. Ha CbOro/iHI BaKJIMBUM [MUTAHHSIM 3aJIMIIAETHCSI KOHTPOJIb
BesinunHY npotikanHs npu TITKI Ha AEC 3 peaktopamu BBEP-1000 3a moroMororo TexHiYHUX 3ac006iB. BupimeHnHs
3a3HavyeHoi IpobieMu rependayaeTbCcsl B paMKax KOMIJIEKCHOI (3Be/leHOi) Tporpamu MifiBUIIEeHHS PiBHS 6e31eKu
eHepro60kiB AEC (K3I1I1B) uisixom ocHameHHs ykpaiHcbkux BBEP-1000 cucremoro ynpasiiHHs aBapieto (CYA)
TTIK. Sk Bimomo, Ha maHy cucteMy nokaneHo QyHKIil aBTOMaTH30BaHOI peasizalii 3ax0/iB oA0 NepeBeeHHs

peaxkTopHoi ycTaHoBKH(PY) B 6e3rieyHuil cTaH 6e3 BTPyYaHHS OllepaTUBHOrO nepcoHany. [Ipu iboMy, B SIKOCTi



inpukaropa BuHuKHeHHA TIIK] B I1I" € migBuIeHHS aKTUBHOCTI B IPYTOMY KOHTYPI, sIKa BUMIPIOETLCS B
TpyOOIIpoBOax roctpoi rnapu. HuHi peanizoBaHO aBTOMAaTHU30BaHUI alropyutm Jin micg inentudixanii TITK] Ta
BU3HaueHHs aBapiiiHoro [T (ATID). BinnosigHo, 3aBepiiaibHUM 3aBIAHHAM 115 peanisauii 3axony KaIlIIb e
00rpyHTyBaHHS ycTaBky 3anycKy CYA TIIK]] 3a OIIOMOroo IeTeKTOPiB peecTpallii ioHi3yI040ro BUNPOMiHIOBAaHHS
(IB), mo BctaHoBIeHi 6ins1 naponposin I1IA BTiM, BiicyTHICTb aHAIOrYHUX TeXHiYHMX 3aco6iB CYA TIIK]] Ha AEC 3
peaxkropamu BBEP-1000 Ta nocBimy BIIpoBaJpKeHHs 3a3Ha4eHUX CUCTeM Ge3leKu (peasizyeTbcst B YKpaiHi Brepiue)
3YMOBJIIO€ HEOOXIIHICTh B pO3p006Li KOMIIJIEKCHOTO PO3PaxXyHKOBOTO METOAY BU3HAaYeHHs xapakrepuctuk TIIK]] 3a
IOTIOMOTO0 AeTeKTopiB 1B, mo po3ramoBsaHi 6is1s1 naponposois roctpoi napu B PY 3 BBEP-1000, sikuii 6
BpPaxOBYBaB Pi3Hi eKcIUlyaTaliliHi CTaHU: KOMOiHAlli10 BKIIOYEHUX FOJIOBHUX UUPKYJIALIAHMX Hacocis ([LIH),
pesxumu noTy>kHocTi Biz 20 no 100 % Bin, HOMiHa/IBHOI TOIIO. Y BCTYII [Ipe[iCTaBIeHO OOIPYHTYBaHHSI BUOOPY TEMU
IOCJIiI)KEeHHS, BUCBITJIEHO ii aKTyaJIbHICTb Ta 3B'SI30K 3 HAYKOBUMMU IIporpamamu. Ha ocHOBI 1bOro c(popMOBaHO
METY i 3aBJaHHS JOCIiIKEHH. 3a3Ha4€HO HayKOBY HOBM3HY OTPMMAaHMX PE3YJIbTATIB Ta IX IPAKTUYHY LiHHICTb K
1711 AEC 3 peakropamu BBEP-1000, Tax i 17151 e pHOI IPOMUCIIOBOCTI B 1IiJIOMy. B mepmomy po3pisi nposeneHo
aHali3 iCHyl0YMX cucTeM Ta MeToAiB inenTudikaunii HassHocTi TIIK]. BinmiueHi nepesaru ta HeJOJiKU
3aCTOCYBaHHS Pi3HOTO POLly METOLIB/cucTeM. BCTaHOBJIEHO, 1O iCHYIOYi CUCTEMHU aBTOMATU30BaHOTO
6e3repepBHOro KOHTPOJIIO HE NO3BOJISIIOTh OOHO3HAYHO BU3HAYUTHU sIKui 3 [1I' € aBapiliHUM Ta HAATU JOCTOBIpHY
ingopmauiio mwopo Burpatu B TTIKII npu po6oTi peakTopa Ha Pi3HMX PiBHSIX NOTY>KHOCTI. Ba 6isblie, BUCBITIEHO
OCHOBHi eKCIJTyaTaliliHi, TEXHOJIOTiuHi Ta KOHCTPYKLiMHI 0COOJIMBOCTI, 110 BIJIMBAIOTh HAa JOCTOBIpPHE BU3HAYEHHS
BesmunHU BuTpatu B TIIK]. B npyromy po3zini npencraBieHo po3pobiieHi po3paxyHKOBI MOZiesli Ta OTpMMaHi 3a ix
IOTIOMOTOI0 HAaCTYIHI pe3ysbTaTy: BUBHAaY€HO MBUIKICTh HanpalioBaHHs 16Ny BOJoBMiCHHUX 06'eéMax akKTUBHOI
30HU (Ak3) PY BBEP-1000 Ta 3a ii Me>kamMu;qoCiI>KeHO NPoLeC 3MiHY MBUAKOCTI HampalioBaHHs 16N BIIpogoBxK
[IaJIMBHOI KAMIIAHIl;0TPMMAHO 3aJI€XKHICTh aKTUBHOCTI TEIJIOHOCIS IEPLIOro KOHTYPY 3a 16NBil IJIMOVHY BUTOPSIHHS
SIepPHOrO NaJIMBA; [IPELICTaBIeHO Ta OOIPYHTOBAHO CIIOCOOU PO3PaxyHKY PiBHOBa)KHOI akTUBHOCTI 16N B TenoHocii
nepioro KoHTypy (TTIK) Ta fioro TpaHCIOPTY B [1IepLUIOMY KOHTYPIi;3a JOIIOMOT0I0 PO3pO0JIEHUX MaTeMaTUYHUX
MoOJeJIeN OTPMMAHO TPAHCIIOPTHUI Yac PelepHUX palioOHYKIIidiB Bif MicUd napaMeTpudHoi BigMmoBu [1I' 0o Toyku
JIETEKTYBAHHS 3 yPaXyBaHHSM IIPOLECIB MACO i TEILUIONEPEHOCY B APYIrOMY KOHTYPI; IPOBELEHO IHTErpaLilo
MaTeMaTUYHUX MOJiejiell TPaHCIIOPTY pellepHUX HYKJIiZiB B MOZeJIb s1epHOi NaporeHepyoo4oi yctaHoBkH (SIIITY)
teruio rimpapniunoro 13 RELAP5; po3po6JsieHo Ta mpoBeneHo Basiganio mogeri siunnpHuka eiirepa-Miosnepa (I'-
M) Ha OCHOBI €KCIIEPUMEHTAJIbHUX JAHUX; IPUBELEHO ONUC €KCIIEPUMEHTAIbHUX YCTAHOBOK Ta OTPUMaHi BifiTyKU
JidnibHYUKA ['-M;po3paxyHKOBUM IIJIIXOM OOI'PYHTOBAHO MOSKJIMBICTD iX BUKOPHCTAHHS 32 MEKaMU €HepreTUYHUX
Jliaria30HiB BUMipIOBaHHS, SIKi 3a51BJIE€H] B [IACIIOPTHUX XapaKTEPUCTUKAX IIPUJIALIB, 3a JOIIOMOTOI0
3aIIPONIOHOBAHOI0 CIIOCOOY;IIISIXOM MOJIEIOBAHHS CUCTEMU «JIJKEPEJIO 10HI3yI0U0T0 BUIIPOMiHIOBAHHS -
[apoIpOoBif-IiYMIbHUK ['-M» OTprMaHO 3ayiexXHicTs BUMipAHOi [1T1]] raMMa-BUIIPOMIHIOBaHHS Bifl BEIMYNHU
aKTUBHOCTI B 00J1aCTi AeTeKTyBaHHS, 110 Kopestoe 3 BuTparoto TIIK]. B TpeTboMy po3pini aucepraliii BUAKOHaHO
aHasiz MoxuuBocTi inenTudikauii TIIK]] 3a mornomororo yidynibHUKIB ['-M, Ha OCHOBI pe3ysibTaTiB po3paxyHKiB I1T1]]
B MiCLi leTeKTyBaHHs. 3a/1JIs1 LbOTO BU3HA4Y€HO 3asexxHOoCTi Butpat B TIIK] npu pisHux pexxumax pooortu PY BBEP-
1000 (20:100 % Bim HOMiHaNIBHOTO PiBHA NOTY>XHOCTI[HPIT]), BpaxoBy0ur HEBU3HAYEHOCT] MiCLisl BUHUKHEHHSI

TTIKI B IIT', i3oTonHoro cknany TTIK, a Takox oJs1oKeHHs NpusafiB B 0671aCTi e TeKTYBaHHS.

2. The thesis is dedicated to the issue of improving the methods of monitoring the state of protective barriers at
the nuclear power plants (NPPs) by justification of setpoints forlaunching of an automated algorithm for the
primary-to-secondary leakage (PRISE) control based on value of the absorbed dose rate (ADR)on the main steam
lines of the steam generators (SG) that correlates with the activity concentration in the detection area. The
Introduction presents the justificationof the chosen research topic, assigns its relevance and relation with
scientific and technical programs. Based on this, the purpose and objectives of the research have beenestablished.
The scientific novelty of the obtained results and their practical value both for NPPs with WWER-1000 reactors
and for the nuclear industry at wholehas been indicated. The First Chapter includes the analysis of existing
systems and methods ofthe PRISE leakageidentification. The advantages and disadvantages of differentapproaches
and systems have beenemphasized. It has been established that the available automated PRISE leakage systems



with the permanent controldo not allow correctlydeterminingof ASG and providing reliable information
concerning the mass flow rateduring the PRISE leakage at the different operational states of the reactor unit.
Moreover, the main operational, technological and design features that impacton the reliable determination of the
PRISE leak rate are highlighted. It is noted,16N is the most informative marker for controlling PRISE leakagein SG
at the nominal operatinglevel. The method allows monitoring of the dynamics of changes in terms of the mass flow
rate trend of the PRISE leakage and organizing the automated control of the initial event of the PRISE accident.
The Second Chapter presents the developed calculation models and the obtained results: the reaction rate
formation of 16Nin water-containing volumes in the nuclear reactor coreand at the core'vicinityof WWER-1000
have been determined; the process of changing of 16N formation rate during the fuel campaign has been
investigated; the dependence of the coolant activity formed by16N in the primary circuit on the nuclear fuel
burnuphas been obtained; the method for the equilibrium activity determination of 16N in the coolant and
transport of the isotope in the primary circuit has been presented and justified; the transport time of the reference
radionuclides from the parametric failure point in SG(tube crack and rupture, collector cover lifting, etc.) to the
detection areahas been obtained by using the developed analytical models, taking into account the processes of
the mass and heat transfer in the secondary circuit; physical models of the reference nuclides’ transport have
beenintegrated into the model of the nuclear steam generating unit WWER-1000 of the RELAP5 /MOD3.2
thermohydraulic software; a Geiger-Muller (G-M) counter model has been developed and validated on
experimental data; a description of the experimental facility and obtained G-M counters’responses have
beenpresented;the possibility to extendthe detected energy ranges of the G-M counters beyond the device
passport characteristics has beenjustified by the calculations, following the proposed method; the dependences of
the detected gamma radiation in terms of ADR on the activity in the detection area for reference radionuclides,
that correlate with the mass flow rate during PRISE accident, have been obtained by modeling the "source of
ionizing radiation - main steam line - G-M counter” system. The Third Chapter of the thesis contains the analysis
of the possibility to identifythe PRISE leakage using radiation detectors according to the conducted ADR
calculations at the detection area. For this purpose, the dependences of the leakage mass flow rateduring PRISE
accident at WWER-1000 reactor unit forthe different operatingmodes from 20 % to 100 % of the nominal
operating levelhave been determined, considering the uncertainties of the location of the failure occurrence in SG,
the isotope activitiesinthe coolant, as well as the position of the devices in the detection area. Additionally, the
combined uncertainty and justification of the mass flow rate detected limits that could be measured on the main
steam lines by the system during the PRISE accidenthave beenanalyzed.Based on the results of the analysis
concerning the possibility of the false identification of the non-affected SG as affected one, the mitigation
measures have been developed.
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