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SCENE DATA FUSION FOR CONTAMINATION MAPPING IN THE
AFTERMATH OF THE RUSSIAN INVASION OF CHORNOBYL

Jake Hecla!, Kalie Knecht', and Kai Vetter'?

! Department of Nuclear Engineering, University of California Berkeley,
Berkeley, CA 94720, USA
2 Applied Nuclear Physics, Lawrence Berkeley National Laboratory,
Berkeley, CA 94720, USA

Abstract: The Russian invasion of Chornobyl generated combined radiological
and explosive hazards in the Exclusion Zone, and damaged the analytical laboratories
that support safe work at the site. Surveys of the changed radiological environment
will require novel techniques due to the combined radiation and explosive hazards
now present. Detector platforms developed at Lawrence Berkeley National Lab
(LBNL) which use a 3D radiation mapping technique known as “scene data fusion”
(SDF) may provide a means of rapidly creating surveys without risk to personnel.
These advanced radiation sensing platforms employ sensor fusion methods which
integrate LIDAR, camera and radiation interaction data to develop rich, three-
dimensional maps of radiological environments which are easily interpreted. This
mapping and localization capability has been previously deployed at Chornobyl, and
has proven its utility to assess radiological contamination and to guide cleanup
activities at a wide variety of sites. This presentation will provide an overview of the
technique, the SDF platforms available and the applications of this technique at the
site. We will additionally discuss our efforts at engagement with the DAZV as well
as ISPNPP to explore options for deployment of these technologies.

Keywords: Scene-data-fusion, cadmium zinc telluride, LIDAR, sensor fusion,
gamma ray spectroscopy, gamma-ray imaging

BYAIBHULITBO MAJIUX MOAYJbHUX PEAKTOPIB B YKPAIHI -
IHNEPCIIEKTUBHU TA BUKJIMKH

becyn B. B. (begunw@ukr.net), I'awumos A. M. (arturgm@ukr.net)

[HcTuTyT [IpOoOieM MaTeMaTUYHUX MaIllMH Ta cucteMm, Kui
(http://www.immsp.kiev.ua/)

OpHuM 3 HAWMEPCIEKTUBHIMINX HAMPSMKIB PO3BUTKY aTOMHOI €HEPTETUKH €
TEXHOJIOT1SI MaIMX MOAYJIbHUX peakTopiB (MMP). TexHomnoris Malux MOAyIbHUX
PEaKTOPIB PO3BUBAETHLCS 3 YPaXyBaHHSAM HOBITHIX TEXHOJIOTIN B SIAEPHIH ramysi, mo
3a0e3MeuyloTh BUCOKHN PIBEHb MACHBHOI O€3MEKH Ta MIHIMI3YIOTh paliOaKTHBHI
BUKHM. KII040BOIO OCOOJMBICTIO MajauX MOAYJIbHHX PEAKTOPIB € MOJYyJbHA
KOHCTPYKIIsA, W10 Tmepeadadae BHUCOKY CTYMiHb TOTOBHOCTI YCTaHOBKH Ha
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BUPOOHUIITBI Ta MiHIMI3allll0 TPYJOMICTKHX OMepaliii 3 MOHTaXy OOJIaJHaHHS Ha
Mmaiinanuuky AEC.

Hapasi YkpaiHi € oiHi€I0 3 HaaKTUBHIIIUX YYaCHHUKIB PO3BUTKY MpPOTpaMu
MMP. CniBpoOGiTHUIITBO Y pO3BUTKY MporpamMu MMP Ha YkpaiHi opi€eHTOBaHO Ha
kommanii 3 CHIA — maprtaepiB Il HAEK «Eneproatom», 3oxpema Holtec
International:

1. 10 geprusa 2019 poky, y mrad-kBaptupi Holtec International — m. Kamuen
(wrat Hsro-Ixepci, CIIA) mignucano Yromy mpo maptHepctBo Mixk HAEK
«Eneproatrom», JIHTL] SIPb Tta amepukancekoro kommaniero Holtec International.
Yroga mepenbadae CTBOPEHHS MIKHAPOJHOTO KOHCOPIIyMY, METOI0 SIKOTO €
COpPUSHHA [ISUTbHOCTI IIOJO0 BIOPOBA/DKEHHA B YKpaiHi TEXHOJOTIl Majmux
MoayipHuX peaktopiB (MMP) SMR — 160. JlokyMmMeHT mianucaid KEpiBHUKH
kommaniii — FOpiii HepamkoBebkuit, Irop LlleBuenko ta Kpic Cinrx.

2. 21 (https://t.me/energoatom ua/12811) kBiTHs 2023 poky npe3uaeHt JI1
«HAEK «Eneproatom» Ilerpo KoTiH 1 mpe3uaeHT Ta BUKOHABYUN JUPEKTOP
amepukancbkoi komrmanii Holtec International JlokTop Kpic Cinrx ykmamu yromy
PO CHIBPOOITHHUIITBO Y PO3rOpTaHHI MaINX MoIyibHUX peaktopiB (MMP). Yrona
nependayae OyaiBHULTBO 110 20-Tu peakTopiB SMR-160, 3 peanizaii€ro nepuoro
M1JIOTHOTO MPOEKTY 1 BUXOAY HA MIHIMAJIbHY PETYJIbOBaHY MOTYXHICTh peakTopa Ta
MIKITI0OYEHHS 10 Mepexi 10 6epe3ns 2029 poky.

3a nanumu MAT'ATE, nHa nouatky 2023 poky B CBiTi po3p00si€ThCsl OIM3bKO
70 NOpOEeKTIB MalluX MOMAYJbHUX peakTopiB. JlaHi TPOEKTH PO3PI3HAIOTHCS
MOTY>KHICTIO, ~ KOMIIOHYBaJbHUMH  pIIIEHHAMH, THUIOM  TEIUIOHOCIS  Ta
cHoBUIbHIOBauYa To1IO. [Tepenik HalOUTbII pO3BUHEHUX MPOEKTIB MPEACTaBICHUI Ha
Puc. 1. Haitbis1p111 onpaiboBaHOI0 KOHCTPYKIIIEIO € BOJO-BOJISIHI PEAKTOPH 3 BOJIOIO
i TUCKoM. [Io/1i6H1 Mani peakTopu BUKOPUCTOBYIOTHCS HA MOPCHKHUX IM1JBOAHUX
Ta HAJBOJHUX YOBHAX, MAIOTh BEIUKHUU JOCBIA EKCIUTyaTalii Ta BiAMpaIbOBaHy
TEXHOJIOTIIO.

B Vkpaini mnanyerbest OyniBHuntBo 20 MMP SMR-160 cnpoekToBaHux
kommaniero Holtec International. MMP SMR-160 € Bomo-BoASIHUIMEU peakTOpamH,
TU3aliH SKUX 0a3yeThcsl HA KOHCTPYKINT «BEIMKUX» peakTopiB. JlaHuit peakrtop,
EIEKTPUIHOIO TIOTYXHICcTIO 160 MBT, npu3Hauenuii 111 BUpOOHUIITBA €JIEKTPUIHOT
€Heprii Ta OMIIOHATFHO Ma€ MOXKJIMBOCTI pOOOTH B PEKUMI «KOTE€HEpaIlii», TOOTO B
CKJIaJll CUCTEMH SIJIEPHOI Ta MPOMHUCIOBOI YCTAaHOBKH/YCTAHOBOK, 1110 MOTPEOYIOTh
BEJIUKY KIJIbKICTh TEIJIOBOi Ta/abo enexkTpuuHoi eHeprii. KommonyBanbHa Ta
npuHiunoBa cxema SMR-160 nokaszana Ha Puc. 2 Ta Puc. 3. OcobnuBoctamu
TAHOTO TIPOEKTY €:

* 3MEHIIEHHSI KUIbKOCTI O0JIaHAHHS 32 PaxXyHOK ILIMPOKOr0 3aCTOCYBaHHS
MaCHUBHUX CHUCTEM.

* MojienibHa KOHCTPYKIIis niepeadadae 301pKy OCHOBHUX €JIEMEHTIB Ha 3aBO/I1-
BUPOOHUKY, 110 MIHIMI3Y€ KiJIbKICTh HAWCKIATHININX OMEpaliid 3 MOHTaxy, IO
BUKOHYIOTHCSl Ha MaigaHuuKy rpu OyniBaunTei AEC.

* BUKOpHCTOBYIOThCS MMOBHICTIO TACHBHI CUCTEMHU OE3MEKH.

* BukopucToBye€eThCS IEpHE MATUBO MOIOHE 10 MATNBA «BEITUKUX) PEAKTOPIB.
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OcHoBHOI0O HULTIO Tporpamu OyniBHUIITBA MMP B VYkpaini € 3amimieHHs
CHEPreTUYHUX TOTY)KHOCTEH IOMIKO/DKCHUX B HACTIAOK BIHCHKOBOI arpecii Ha
TepuTOopli YKpaiHU Ta 3MEHILEHHS BUKOPUCTAHHS BUKOIHOTO IMalliBa Ta BUKUIY
napHUKOBUX ra3iB. Peamizanis nporpamu OyniBHunTBa MMP no3Bonute YkpaiHi
3HAYHO CKOPOTUTH BHKHUIM TMApPHUKOBHX Tra3iB Ta HAPOCTUTH YAaCTKY «3EJICHOI»
eHeprii B eHeprobdaiaHci KpaiHu.
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Puc. 2. Topoxns kapta ninen3yBannss MMP B Ykpaini [4]

[Tonpu mepeBaru OyniBHUIITBAa MMP icHye HU3Ka MpOOJIEMHUX MUTAHb SIKI
noTpeOyioTh BHUpilieHHS. OCHOBHUM NUTaHHSIM € JIIEH3yBaHHS HOBOI MOJENI
peakTopHOi ycTaHOBKM B YKpaiHi. Hapa3i B YkpaiHi eKCIUlyaTylOThCS PEaKkTOpH
tuniie BBEP-440 ta BBEP 1000 nns sikux po3pobiieHa HOpMaTMBHAa 0Oasza Ta
IIPOJIOBXKYEThCS 11 YIOCKOHAJICHHS Yy BIJAMOBIIHOCTI 3 TPHHITUIIOM «IIOCTIHHOTO
IiaBHIICHHS Oe3rmekn». [Ipore Hapasi He po3po0JIeHO CIeliaIbHOTO 3aKOHO/IaBCTBA
Ta HOPMATUBHO — MPaBOBUX aKTIB, IO PErVIAMEHTYIOTh AISUIBHICTH IMOB’S3aHY 3
MPOEKTYBaHHSAM, OyHIBHUUTBOM, BBEJCHHSIM B EKCIUIyaTallll0 Ta EKCIUIyaTallio
MMP B Vkpaini. [Lnan minenzyBanass MMP B Ykpaini npeacrasneno Ha Puc. 4.

BpaxoByoun OJHOTHMHICTh PEAKTOPHUX YCTAHOBOK, IO €KCILIYaTyIOThCS B
Vkpaini 3 SMR-160 icHye aymka, 10 A0 3aCTOCOBHOCTI YAaCTHMHHU 1CHYHOYOI
HOPMAaTUBHO-TIPaBOBOi 0a3W, sika MOBMHHA OyTHM yTOYHEHA Ta KOHKPETHU30BaHA
BIJIHOCHO ocobnmBocTelt mpoekty SMR-160.

Hapasi gep>xaBHiI Ta mpUBaTHI OpraHi3ailli aTOMHO-EHEPT€TUYHOTO CEKTOpY
VYkpainn npuiiMaroTh y4acTh B MDKHApPOJHMX, Hacammepea CBPOMEUCHKUX, IO
CTOCYIOThCSl 3a0€3IeUeHHs eKCIUTyartalii Ta oOrpyHtryBaHHs Oe3neku MMP.
[IpuxnanaMu TakuX MPOEKTIB MOXKYTh OyTH:

* Euratom project TANDEM “Small Modular ReacTor for a European sAfe aNd
Decarbonized Energy Mix™. [7]

* Horizon 2020 Euratom project ELSMOR “Towards European Licencing of
Small Modular Reactors™. [6]

B npoekti ELSMOR po3rasgatoTbes MHMPOKE KOJIO MUTaHb MOB’SI3aHUX 3
BU3HAYEHHSIM ONTHMAJIBHOI METO0JIOTIT Ta 3aCTOCOBHOCTI 1CHYIOUOi HaIlIOHAJIBHO1
Ta MDKHapOAHOI HOpMATUBHOiI 0a3u ayg ouiHku Oe3neku MMP, dbopmyBanHs
nepeiky KIHYOBUX MapamMeTpiB 0e3meku Ta 0co0IuBOCTI Ta BigMiHHOCTI MMP Bin
PEaKTOpiB «BEIUKHUX» CEpiHl, skl Tpeba BpaxyBaTu MpHU OOTPYHTYyBaHHI O€3MeKH.



B npoexti TANDEM posrasaaioTtbest nuTaHHs oprasizaiii pobotu MMP, B
TOMY YHCIIl B PEXHMI «KOT€Hepalli» 3 MPOMUCIOBUMH YCTAaHOBKaMH, Ta BIUIUB
PI3HUX PEXKHUMIB pOOOTH Ha OE3IeKy.

Ha octanHe MOXHa 3p0OUTH BUCHOBOK, 1110 B YKpaiHI aKTUBHO PO3BUBAETHCS
nporpama OyaiBHunTBa MMP mo HampsiMkaM M1XHapOJHOTO CIIBpOOITHUIITBA Ta
PO3BUTKY 3aKOHO/AaBUOI Ta HOPMATHUBHO-IPABOBOI 0a3u, HEOOXITHOTO IS
JIIEH3yBaHHs PEaKTOPHOI YCTAHOBKHM HOBOT'O MpoeKTy. [lonpu Bennue3Hy KopucThb
OyxiBaunTBa MMP, Taky Sk MiABHILEHHS PIBHS €HEPreTU4HOI Oe3neku YKpaiHu,
3HaYyHOTO 3OUIBIICHHS 4YAaCTKU TEHEepalii «3eleHOoi» eHeprii Ta 3MEHIICHHS
BUKOPWCTAHHS BHWKOMHOTO TAaJMBa, CJiJl 3a3HAYUTH HEOOXiAHICTh 1HTEHCHUBHOI
TISUTBHOCTI 3 PO3pOOKM HOPMATHUBHO TMPaBOBOi 0a3um YKpaiHu, 3BakKaloud Ha
TPUBAJICTh NpPOLIECY JIlEH3yBaHHA HOBUX PY, 3amis BUKOHaHHS HaMIpiB IO
OyIIBHHULITBY Ta MIAKIIOYEHHS 10 Mepexi nepmoro MMP SMR-160 B 2029 poti.
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Abstract: The paper is devoted to the prospects for the construction of small
modular reactors in Ukraine. The current state of development of small modular
reactor technology in Ukraine and the world is considered. A brief overview of the
MMR technology and an analysis of the advantages of using small modular reactor
technologies, including technological and environmental aspects, are presented. The
features of the design and layout scheme of the MIR SMR-160 project developed by
Holtec International are considered. The scope of work is being assessed as part of
the upcoming licensing process for a new type of reactor plant. A brief description
of individual international projects aimed at developing safety requirements and
technological schemes for the operation of small modular reactors, taking into
account the specifics of the project (modularity, extended use of passive systems) and
participation in these projects of Ukrainian organizations is given.

Keywords: Ukraine, small modular reactors, SE NNEGC «Energoatomy,
Holtec International, SMR-160, licensing



PO3BUTOK SAJIEPHOI EHEPTETUKHU B YKPAIHI -
HHEPCIIEKTUBMU TA ITPOBJIEMHA

bopucenrxo Borooumup

[actutyTt npobaem 6e3neku AEC HAH VYkpainu, Kuis,
vborysenko@jispnpp.kiev.ua

CraH sizepHoi eHepreTuku y cBiti. CtanoMm Ha ciuenb 2023 p. B 32 kpaiHax
city Ha 192 AEC excrmyaryBaiucsa 422 siaepHi peaktopu; 57 sAEpHUX PEaKTOPIB
nepedyBayii Ha craiii OyaiBHULTBA. 3aranoM y 2021 p. y cBiti Ha AEC BupoOieHo
2 653 mupa kBt'r enextpoeneprii, pu upomy y 2019 p. Boepiue micins aBapii Ha
AEC «®Dykycima-1» B Anonii 'y 2011 p 6yno nepeBuiieno pisers 2010 p. ¥V 2006 p.
Ha AEC y cBiTi 0ysio Bupo0OieHo 2 660 mapa kBT T eekTpoeHeprii — 1€ MOKH 110
HaOUTBIIUM TOKa3HUK. 3a OCTaHHI KUIbKAa JECSATUIITh TMO3UIlIi SAEpPHOI
€JICKTPOCHEPIETUKH Y CBITOBOMY C€HEPreTUYHOMY OajaHCl 3HAYHO 3HHU3UJIUCA.
Hanpuknan, dactka enekTpoeHeprii, BHPOOJEHOI Ha SICPHUX EHEProosoKax,
BIJTHOCHO BCIX THUIIIB eJIeKTporeHepailii cranosmia: y 1996 p. — 17,5 % (naitBumiuii
MOKa3HUK 3a Bech yac), y 2006 p. — 14 %, y 2021 p. — 9.8 %.

VY Tabn. 1 HaBeaeno iHdopmairiro 3a ganumu 2021 p. mpo nepiry IecAaTky KpaiHn
3a o0csaramu BUpOOHUITBA enekTpoeHeprii Ha AEC.

Y kpainax €Bpocorody B 2021 p. ekcmiyaryBaiocs 104 enepro6yioku
notyxHictio 101,958 I'Br. YacTka sAepHOiI €HEPreTUKM Yy  BUPOOHUIITBI
eJIeKTpoeHeprii nepepuirye 25 %.

VYkpaina 3a BcraHoBieHor notyxHicTio (13,107 I'Bt) nocigae 8-me micie. Ha
15 enepro6nokax y 2021 p. 6yso BupobseHo 86,206 miipa kBT T enekTpoeHeprii, 1o
cTaHoBuUJIO 55 % yciel enekTpoeHeprii, BUpoOaeHoi B kpaiHi. [le 6-i1 moka3HuUK y CBITI
B a0COJIFOTHOMY BUMIpi (Tadm. 1).

Tabauysa 1. Tlepmia gecsitka kpaid 3a 00csraMu BUPOOHUIITBA €IEKTPOSHEPTii
Ha AEC y 2021 p.

. Bupobneno enexktpoeneprii, | BcranoBieHna nmoTykHictb, [ BT
No | Kpaina . :
MIpa KBTT (KUTBKICTh €HEPTrO0JIOKIB)

1 | CIIIA 787,442 94,7 (92)

2 | Kurait 407,141 52,2 (55)

3 | ®panis 360,700 61,4 (56)

4 | PO 222,437 27,737

5 | Kopes 150,163 24,4 (25)

6 | Ykpaina 86,206 13,1 (15)

7 | Kanama 73,628 13,6 (19)

8 | Anonis 61,223 16,3 (17)

9 | Icnanis 54,087 7,1 (7)

10 | IBewis 50,992 6,9 (6)
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VY €poneiicbkomy Coro31 B paMKax mpencTaBieHoi y rpyani 2019 p. «3enenoi
yTOAW» JOMYCKAEThCSI BUKOPUCTAHHSA KpaiHAMU-UJICHAMHU SIICPHOI SHEPIeTUKU SK
JaCTUHH HAI[IOHAJPHOTO €HEepProdatancy.

Omxe, He3BaKawyu Ha (PAKTUUHY CTarHamilo y PO3BUTKY SAEPHOI
eJIeKTporeHepariii y cBiTi, Ay Outbin HiK 20 KpaiH sepHa e€HepreThka Bijirpae
BXIIUBY POJIb, 1 Peai3yrOThCs IUIaHH MO0 ii OJATBIIOr0 PO3BUTKY. JIOKOMOTHBOM
chorofHi Buctynae Kuraii, sikuii Mae amOITHI IUTaHM 1 BIIEBHEHO PYXa€ThCs 0
IIMPOKOTO BIIPOBA/DKEHHSI PI3HUX pEaKTOPHUX TexHoiyorid. Jlo peui, mopsna 3
MPOEKTAMHU, PO3POOIIEHUMH KUTaliCbKkUMU KoMmaHisimMu, y KuTal Bxxe moOymoBaHi 1 3
2018 p. mpaIffor0Th HaWCydYacHINI EHEProOJIOKH 3 PEaKTOPHUMHU YCTaHOBKAMH
AP1000 i EPR-1750.

Cran sgepHoi eHepreruku B Ykpaini. Ha AEC Vkpainu cranom Ha
01.01.2023 excmtyaTtyroThest 15 eHepro6siokiB 3 peaktopamu BBEP: 13 — 3 BBEP-
1000; 2 — 3 BBEP-440. Yactka AEC y 3arainbHOMYy BUPOOHUIITBI €JIEKTPOCHEPTii B
VYkpaini 3 2015 p. cranoButs nonayn 50 % (puc. 1). OueBuAHO, IO A/IepHA CHEPTETUKA
B YKpaiHi Biirpae BaXXJIMBY pOJIb y 3a0€3MEeUeHHI €HEPreTHMYHOI HE3aJIeKHOCTI
nepxaBy. 3yCHUILIS HAYKOBO-TEXHIYHOI CIIUIBHOTU YKpaiHU MatoTh OyTH CIIPSIMOBaH1
Ha MIATPUMKY O€3MeUHOl eKcIuTyarali sigepHux eneproosokiB AEC, a Ttakox Ha
OOIpyHTYBaHHs BUOOPY Cy4acHOI peaKTOPHOI TEXHOJIOT1I JJIsl HOAAJIBIIOTO PO3BUTKY
€HEPIreTUKHU Y KpaiHu.

Ha puc. 1 moxxHa 6auuTH, SIK 3MIHIOBAJIOCS CITIBBITHOILIIEHHSI TEILJIOBOI, SIACPHOI
Ta IHIIUX BHUJIB €JEKTpOreHepallii B YKpaiHl 3a TpUBaJul iCTOpUYHUHN Tepiod. 3a
OCTAHHE JECATHPIYYS CIIOXKUBAHHS EJEKTPOCHEprii B YKpaiHi 3MeHIuIocs. Y
2019—2021 pp. niama3oHU 3MIHU TOTY>KHOCTI €JIEKTPOCHOKUBAHHS  BIIITKY
craHopwin 12—17 I'Bt, y3umky 14—221Bt. Otmxe, MOXHa BBa)xarTu, U0
BCTAHOBJIEHA MOTY)XHICTh KJIACHUYHOI €JIeKTporeHepaiii B YKpaiHi, BKIIOYHO 3
pE3epBHUMHU MOTYKHOCTIMHU, Ma€ CTaHOBUTH npudau3Ho 30 I'Br.

3rigHo 3 mporHo3amu EnepreTudnoi ctpaterii Ykpainu Ha nepion a0 2035 poky
«besmneka, eHeproeeKTUBHICTh, KOHKYPEHTOCIIPOMOXKHICTEY [1], B VYkpaini
TJIAHY€EThCS ITABUIIMTH CIIOKUBaHHS ellekTpoeHeprii 1o 164; 178; 195 mupna kBT,
BianoBigHO, y 2020, 2025, 2035 pp. B Enepreruuniii crpaterii Ykpainu 10 2030 poky,
Ky Oynio npuitasaTo y 2012 p., mianu Oynu e aMOiTHII: iepeadadanocs 30UTbIINTH
CHOKMBaHHS eJIeKTpoeHeprii 10 236; 259; 282 mupa kBT, Bianosiaxo, y 2020, 2025,
2030 pp.

BTiM, yke MOXHa BIIEBHEHO CTBEp/UKYBATH, IO peaJbHE CIIOXKUBAHHS
eJIEKTpOeHeprii B YKpaiHi BUSBUIOCS MEHIIUM 1 3a miacymkamu 2020 p. cTaHOBUIIO
149 mupn kBrr.

3Bakaroud Ha HasBHI TEHJEHLI y CIOKMBAHHI €JEKTPOCHEPTii y CBITI Ta iX
ICTOTHUH BIUIMB Ha YKpaiHl y MOBOEHHUH MepioJl, HEOOX1AHO MeperisaaTi IpOrHo3Hi
MOKA3HUKH HACTYMHOI EHepreThuHO1 cTpaTerii BIAMOBIIHO 10 (PaKTUIHHUX TOTPEO.

Ha puc. 2 naBeneHo iHbopMaliiro mpo TEPMIHHM €KCIUTyaTallii eHeprodJoKiB Ha
AEC Vkpaiau cranom nHa 01.01.2023. 3 15 eneproomokis 12 (80 %) Bxke
BianpamoBai 30-piuHUNA TPOEKTHUIM TEpMiH eKCIUTyaTallii, 1 Ha ChOTOJHI iX
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eKCIUTyaTallisi BiIOYBAa€TbCA y MOHAIMPOEKTHI TepMiHU. JIJii MOPIBHSHHS: y CBITI
ctanoMm Ha 01.01.2022 3 442 eHnepro0okiB, siki nepedyBaiu B ekcruryararii, 300
(68 %) nepetHynu Mexy 30-piuHOrO TEpMIHY eKcIutyaTartii [1].

OTxe, MOXXHa KOHCTaTyBaTH, IO JJIsl MiATPUMAHHS PIBHS BCTAaHOBIEHOI
noTy>kHOCTi eHeprodyokiB Ha AEC Ykpainu 3 ypaxyBaHHSM 00OMEKEHOTO TEPMIHY
eKCIUTyaTallli €HeproOJIOKIB y TIOHAANPOEKTHI TEPMIHM HEOoOXijgHa Iporpama
OylIBHUIITBA HOBUX SIICPHUX €HEProOJIOKIB B YKpaiHi.

OnTuManbHUNA CLIEHapii PO3BUTKY SAEPHOI EHEPreTHKH B YKpaiHi, SKUAN
BpaxoBYye€ CBITOBUM JOCBIJ] 3 TPOJAOBKEHHA eKcIuTyaTaii eneproonokis Tumy BBEP,
IPYHTYETbCA Ha TpUIyIIeHHI, 0 eHeproonokn AEC wmoxHa 06e3medHo
excrutyaryBaTucs 10 50—60 pokiB. ToMy KOoHcepBaTHBHA OIIIHKA Tependayae, 1o
3YIIUHKY €HEeprooOyiokiB MokHa ouvikyBatd 3 2030 p. Takum uymHOM, y pasi
3aCTOCYBaHHs KOHCEPBATHMBHOTO MIAXOMY AOCHIDKEHHS IOJO0 BUOOPY Cy4acHOl
PEaKTOPHOI TEXHOJIOT1T BXKE MaJii O 3aBEPUINTHCS.

Cyuacni peaktopsi TexnoJiorii. Cranom Ha 2023 p. cepes anpoOOBaHUX Yy CBITI
PEaKTOPHUX TEXHOJIOTIH, SIKI MOXYTh OyTH BIPOBAKEHI B YKpaiHi BIATMOBITHO 10
BUMOT HOPMATHUBHO-TEXHIYHOI JOKyMeHTamii [2], BuOip 0oOMEXeHO Tphoma
npoektamu: 1) mpoekt AP1000 kommanii Westinghouse; 2) npoekt EPR-1750;
3) mpoext BBEP 1200 Pocatoma.

EHepro6y1oku 11X TpbOX MPOEKTIB YK€ MOOYA0BaHI Ta €KCILTyaTyOThCs TOHA
5 pOKiB, a OTXKe, IX MOKHA BBayKaTH anpOOOBaHUMHU JOCBIJIOM €KCILTyaTalli.

3a3HaueHl MPOEKTH PEAKTOPHUX YCTAHOBOK HaiexkaTh 10 mnokosinHsA [+ i
XapaKTEpU3YIOThCS BHUCOKMMH TOKa3HUKAMH O€3MEeKH, JOCATHYTHMHU 3aBISKU
[IMPOKOMY BIIPOBA/DKCHHIO TACHBHHUX CHUCTEM O€3MeKH, a TaKOXX BHUPIIICHHIO
MUTAHHA JIOKaTi3alii po3IiaBy sACpHOTO MalvBa aKTUBHOI 30HH peakTopa B pasi
MaJOMMOBIPHUX aBapiiHUX moAii. Takum YMHOM 3a0€3MeYeH0 YMOBH EKCIUTyaTallii
eHeproOJyioka, 3a SIKMX TapaHTYEThCS, IO pajdialiiHi HACHIKU BiJ MOMJIMBOL
Cepiio3HO1 aBapii 00MeKyBaTUMYThcs Juiie TepuTopieto camoi AEC.,

TexHiko-eKOHOMIUHI ¥ O€3MEKOBI TOKA3HUKH EKCIUTyaTallii peakTOPHUX
yCTaHOBOK MoKoJiHHS [[[+ MOXHa OIIHUTH Ha OCHOBI aHAJI3Y TOCTYITHOI 1H(OpMaIii
PO 3arajabHe BUPOOHUIITBO €IIEKTPOSHEPT1i Ta aHOMaJIbHI MO/I11 Ha eHepro0JIoKax, sKi
nepeOyBaroTh y CTaH1 €KCIUTyaTallii, 3a OCTaHH1 TpU poku (Tadm. 2).

Cepell OCHOBHHUX €KCIUTyaTallliHUX MO/1H, 10 CTAIKCS HA 3a3HaYeHUX Y TaoJI. 2
PEaKTOPHUX YCTAaHOBKaX, CJIIJ BIA3HAYUTH TaKi:

¢ AP1000 — na 6roui Ne 2 AEC CanbMeHb 3aMiHa TOJIOBHOTO LUPKYJISIPHOTO
Hacoca TpuBaJia 8 MiCSIIIiB;

oEPR-1750 — ma Oomi Ne 2 AEC Taiimass crajocs HiIBUIIIEHHS aKTUBHOCTI
TEIUIOHOCIST 1-TO KOHTYpy BHACHIJIOK PO3TepMETH3allii TBENIB; Yac BUMYIIIEHOTO
IIPOCTOIO CTAHOBHB 2 MICSIII;

eBBEP-1200 — Ha 1BOX 3 YOTHUPbOX €EHEProOJIOKIB Ha MEpIIOMY pOLil
ekcrutyaTaiii OyJau BiJIMOBM T'€HEPATOPHOTO OOJIaJIHaHHS, OJOKM MepedyBaiu y
BUMYIIIEHOMY MPOCTOI BiJ 2 10 7 MiCSIIB.
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Puc. 2. Bik enepro6nokiB AEC Ykpainu ctanom Ha 01.01.2023 p

Crpoku OyniBHMIITBA TEPIIMX €HEpProosokiB mokoiiHHs [+ nepeBuiryoTh
MIPOEKTHI 1 CTAaHOBIATH 8—10 pOKiB.

SnepHa eHepreTrka € OJHIEI0 3 HAKOHCEPBATUBHIMINX €HEPreTUYHUX TaTy3eH 1,
SK BBa)KAIOTh, YK€ JIOCSTIA BEPIIMHU CBOTO PO3BUTKY. 32 ocTaHHI mpuOim3HO 30
POKIB 30BHIIIHIN CIOCTEPIiray He MOMITHB OU 3MiH Yy KIFOYOBHUX TEXHOJIOTIAX — OJIH1
W TI caMi TEIUIOBUAUIbHI 30IpKM 3 TBEJiB, IO MEPEIal0Th TEIJIOBY EHEPTii0
TEIUIOHOCIIO, 3 MOAAJIBIINM MEPETBOPEHHSM TEIIOBOT €HEPrii Ha €IEKTPUYHY.
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Tabnuya 2. KoedilleHT BUKOPUCTAHHS BCTAHOBIICHOI MOTY>KHOCTI 3a MepIi
OKHM eKcIUTyaTallli eHepro0JIOKIB 3 peaKTOPHUMH YCTaHOBKaMH MOKOJiHHs 111+
Tun peakTOpHO1 YCTaHOBKHU

Pix AP1000 EPR-1750 BBEP-1200
S-1 S-2 | H-1 | H2 | T-1 | T-2 N?/' N;/ | L-1 | L-2

2019 | 0,89 | 0,09 | 096 | 1,01 | 0,82 | 0,37 | 0,74 | 0,36 | 0,76 | 0,00
2020 | 0,86 | 0,87 | 0,89 | 0,92 | 0,63 | 0,86 | 0,78 | 0,78 | 0,81 | 0,07
2021 | 093 109 | 093 | 094 | 0,52 | 0,75 | 0,77 | 0,75 | 0,92 [ 0,90
2022 | 0,87 1091 0971099 | 0,28 | 0,57 | 0,77 | 0,81 | 0,83 [ 0,80

Ilpumimka. S-1, S-2 — enepro6noku, BctaHoBjaeHi Ha Sanmen NPP (AEC
CanbMenb, Kurait); H-1, H-2 — na Haiyang NPP (AEC Xasan, Kurait); T-1, T-2 —
Ha Taishan NPP (AEC Taiimanb, Kutaif); NV-1, NV-2 — na HoBoBopoHe3bKiit
AEC (P®); L-1, L-2 — na Jleninrpazacekiit AEC (PO)

InnoBaniiini npoekTH sAepHUX PpeakTOpiB. MDKHAPOIHUI NPOEKT 3
IHHOBAIIMHUX siepHUX peakTtopiB 1 mamuBHuUX 1UKIB (INPRO), skwuit 3apas
pealizyeTbesi, € HEBII'€MHOI0 YaCTHHOIO PEryssipHOi mporpamu MiKHapOgHOTrO
areHTcTBa 3 aToMHOi eHeprii (MAT'ATE). Moro wini cpopMy/I50BaHO Tak:

* CHpUSHHS 3a0€3ME€YEHHIO JOCTYIHOCTI SAEpHOI €HEeprii Juii CTajoro
3aJI0BOJIEHHS eHepreTuuHuX notped XXI cr.;

e 00’e¢HAaHHS BJACHUKIB TEXHOJIOTIM 1 KOPUCTYBadiB Ui CHUIBHOIO
OOTOBOPEHHSI MIDKHAPOJAHUX 1 HAI[IOHAJIBHUX i, CHOPSMOBAaHUX Ha JOCSITHEHHS
HEOOX1HOTO PiBHS IHHOBALIN Y SIEPHUX PEAKTOPax 1 HAJIMBHUX LIUKIAX.

V¥ pamkax npoexkty INPRO 3 mouarky 2000-x pokiB po3mo4yaTo AOCTIIKEHHS
IECTH «PEBOTIOLIMHUX)» KOHIEMINH peakTOPHUX YCTAHOBOK YETBEPTOTO MOKOJIIHHS
(nokomiHHs V), KOkKHa 3 SIKUX [TO-CBOEMY 3pYIIYE MapaJurMy €pHOI eHEPreTUKH B
TOM uM 1HIMHK OiK. [lepeniunmo 111 iHHOBAIIHI PEaKTOPHI TEXHOJIOTI1:

1) peakTop Ha MIBUAKUX HEUTPOHAX 3 TA30BUM OXOJIODKEHHSM (gas-cooled fast
reactor — GFR);

2) peakTop Ha MIBUAKUX HEUTPOHAX 31 CBUHIIEBUM TeruioHocieM (lead-cooled fast
reactor — LFR);

3) peakTop Ha MIBUAKUX HEUTPOHAX 3 HATPIEBUM OXOJIOKEHHAM (sodium-
cooled fast reactor — SFR);

4) pizkocosiboBHi peakTop (molten salt reactor — MSR);

5) peakTop 13 HAAKPUTUYHUMU TTapameTpaMu Boau (supercritical water reactor
— SCWR);

6) BUCOKOTEeMITepaTypHuii peaktop (very-high-temperature reactor — VHTR).

BaxxnuBo 3a3HaunTH, 1110 BCl 11 KOHIEMIIi BUHUKIXA He Y 2000-X pokax, a 111e B
nepioj] 3apoKEHHS SACPHOI 1HYCTPil, aje TOAl MPOrpajii B KOHKYPEHTH1H 00poThO1
peakTopaM 3 BOJIOKO 1] THCKOM.

YerBepTe NOKOMIHHA SACPHUX PEAKTOPIB MAa€ CTAaTH IEBHUM IPOPUBOM 1
BUXOJIOM 3 «TJTyXOT'0 KyTa, B SKOMY CbOTO/TH1 OITMHIJIACS CBITOBA sIIEPHA EHEPreTHKA.
JIns 1poro HEOOXIAHO BUPIMIUTH OJpa3zy KUIbKa CyNEepewIMBUX 3aBJaHb — HE
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BTPAaTUTU B O€3MeELl SIIEPHOTO PEaKTOpa, MOMIMIIUTH HOT0 €KOHOMIYHI MOKa3HUKH 1
PO3B’sa3aTH IPo0OJIEMy IIepexoy Bin BukopucTanns 2>°U mo 38U,

[Ticnsa Outbmn sik 20 POKIB JOCHIJKEHb y Taly3l 1HHOBAI[IMHUX PEaKTOPHUX
TEXHOJIOTI Hapas3l MOKH 10 TPUBAIOTh POOOTH HA MPOTOTUINAX PEAKTOPHUX
yCTaHOBOK. HallBaxKJIMBIIIMMU 3 JOCATHYTUX HA CHOTOJIHI PE3YJILTATIB € TaKi:

oy Kurai B 2021 1 2022 pp. BBE€ACHO B E€KCIUTyaTAaIliO 10 OJHOMY €HEProOIOKyY
BUcokoTemneparypaoro peakropa VHTR mortyxnictio mo 200 MBt nma AEC
[Iunaosans (Shidao Bay NPP);

oy 2021 p. B P® po3noyaro OyaAiBHUIITBO peakTopa Ha IIBUAKWX HEUTPOHAX 31
ceuHlieBUM  TerioHocieM  BPECT-300  (ObIcTphlif  peakTop  €CTeCTBEHHOM
0€30MMaCHOCTH CO CBUHIIOBBIM TETJIOHOCUTEIIEM).

IIpoexT MaJIMX MOAYJILHUX peakTopiB. Mani MmoayibHi peaktopu (MMP) —
11e Cy4YacHi siiepHI peakTopu notyxHicTio 10 300 MBT (e11.) Ha eHepro6iok. Jleski 3
nepeBar MMP noB'si3aHi 3 X KOHCTPYKIIIEIO — BOHU HEBENWKI 1 MOayibHI. MMP
MO>KHA PO3MIIIYBATH B MICIISIX, K1 HE MIAXOIATh NI OyaiBHUIITBA MOTYXHUX AEC.
36ipai momyni MMP MokHa BHUTOTOBHTH 3a3iajierib, a IIOTIM TPUBE3TH 1
BCTAaHOBUTH Ha MaillaHYuKy, TOOTO iX BUKOPHCTAaHHS € OUIbII JOCTYIHHM, HIK
PEaKTOPIB BEJTUKOI MOTY>KHOCTI.

[TopiBHSIHO 3 pEAaKTOPHHMH YCTAaHOBKAaMH, SKI BXKE CKCIUTYaTyHOThCS,
IPOITOHOBaHI KOHCTPYKUIi MMP € 3arajiom npocTimmMu, a KOHLEMNIA Oe3MeKu IS
MMP Oinb1I0I0 MIpOIO CHUPAETHCS HAa MACHBHI CUCTEMHU 1 TaKl BJIACTUBI LM
peakTopaM BHYTPIIIHI XapaKTEPUCTUKU OE3MEKH, K Maja MOTYXHICTb Ta HU3bKUI
poOounii Tuck. Lle o3Hauae, Mo IS BIAKIIOYEHHS CUCTEM HE MOTPiOHE BTpYy4YaHHS
JIFOJTMHU 200 30BHIIIHBOT €HEPT1i YK CHUJTH, OCKUIBKH ITACHBHI CUCTEMHU IMOKJIaIal0ThCS
Ha (i3UyHI SBUIA, TaKi SK TPHUPOJHA IUPKYISIISA, KOHBEKIIiS, TpaBiTamis Ta
CTBOPEHHS MIIBUIIIEHOTO TUCKY. 3aBJISIKH [IbOMY B JICIKHX BUIAKAX YCYBAEThCA 200
3HaYHO 3HWXKYEThCS MMOBIPHICTh HEOE3NMEYHUX PAIOAKTUBHUX BUKUIIB Y
HABKOJIMIITHE CEPEIOBUIIE Ta KOHTAKTY 3 HUIMH HACEJICHHs B pasi aBapii.

Opnak ctanoM Ha 2022 p. noraau Aeskux (GaxiBIiB HIOJ0 PO3B’SA3aHHA
€HepreTUYHUX Mpo0sieM YKpaiHu Ha OCHOBI «IIEPCIEKTUBHUX» TeXHOJ0r1ii MMP mie
HE MalOTh HAJIEKHOTO TEXHIKO-€KOHOMIYHOTO 1 HAyKOBOTO OOIPYHTYBaHHS, a TAaKOX
HE MIATBEPKYIOTHCS HEOOXITHOK MPAKTUYHOIO anpoOalli€ro, OCKIIbKY y CBITI Taki
peaKkTopu e TUTLKH pO3po0IstoThes. ChOTOAHI MOYKHA JIMINE KOHCTATyBaTH, IO
BUPOOHUITBO €JIEKTPOEHEPrii 13 3aCTOCYBaHHIM TexHosorii MMP Oynae nopoxdnm
MOPIBHSIHO 3 BUKOPUCTAHHSIM TPAIAUIIIHOI, ampoOOBAaHOI TEXHOJIOT1 eKCIuTyaTallii
eHepro010kiB moTyxHicTio 500—1000 MBT.

Texnomnoriro MMP mmpoko 06roBoproroTh y HayKOBO-TEXHIUHUX Ty OTIKaIifX sIK
OJIUH 31 MIJISXIB MOKJIMBOTO MEPCIEKTUBHOTO PO3BUTKY SJEpHOI eHepreTuku. OHaK
MOSIBY TEPIIOro eHeprobioka, moOyaoBaHOTO 3a TexHoyorieto MMP, moxHa
OUIKyBaTH HE paHillie HiK uyepe3 5S—O6 PokKiB, a pe3yJabTaT peepeHTHOTO JOCBImY 3
eKCIUTyaTaIlii mepuoro 0;10ka — 111e TPUOIM3HO Yepe3 S POKIB.

CranoM Ha 2022 p. 1OKH 110 €AMHUM TIPpoekToM MMP, sikuii mpoiIioB OCHOBHI
etanu JineH3yBanHsa B Kowmicii 3 simepHoro perymtoBanHs (NRS) CIIA, € npoekt
NuScale. Cnin 3a3nauutH, 1o mporec JjineH3yBaHHs B NRC mpoilimoB mnpoext
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NuScale nmotyxHicTio 50 MBT, sikuii ok 110 He TIaHy€eThes 10 OyaiBHuITBA. 1o
CTOCYEThCS 3aIJTAaHOBAHOTO JI0 Oy 1iBHUIITBA MTPoekTy NuScale moryxHicTio 77 MBT,
TO mojaHHs AokyMeHTiB Yy NRC s otpumaHHs nmineH31i Ha #oro OymiBHUIITBO 1
eKCIUTyaTalllo 3aIIaHOBaHoO Jidie Ha cideHb 2024 p. Tomy B HailkpalioMy BUTAAKY
nepiuit Mmoysib NuScale moxe 0yt modyaosano y CILIA uepe3 6—7 pokis.

Crig miaKpeciauTH, 1o 3MiHa MOTYKHOCTI npoekTy NuScale BigOyBanacs Bxke
HEOHOPa30Bo: crnoyatky, y 2003 p. BoHa cranoBwia 35 MBT, y 2009 p. — 40 MBT,

y 2016 p. — 50 MBT (came meit mpoekt mpoxomuB JineH3yBanHs B NRC), y
2018 p. — 60 MBT, a moku 10 OCTaHHIM Ha CHOTOJAHI MPOEKT MA€ MOTY>KHICThH
77 MBT.

Kpim toro, y NRC 3anummmnucs taki nutanss a0 npoekty NuScale [1]:

® KOHCTPYKIIis maporeHeparopa (ii He arpoOoBaHo);

® HECBOEYACHE CIPAIIOBAaHHS CHCTEMHU aBapiHOTO OXOJIOMKEHHS aKTHBHOI
30HU;

e aHaJii3 aBapiil 3 pO3UMHEHHAM OOpY B HUKHIM KaMepi 3MIILyBaHHS peakTopa.

Orxe, TepMmiHu peamizamii npoekty NuScale mnepeHocsThCcs, a B Mpoleci
JieH3yBaHHs OyJIO BUSIBJIICHO pi3HI poOsemu 3 O6e3nekoro. ToMy MokHA O4iKyBaTH
HOBI 3aTPUMKH.

[Ipoekt NuScale — 1e eauHMI NMPOEKT, KU (PIHAHCOBO MIATPUMYETHCS
Henapramentom enepretuku (DOE) CIHIA. Cranom Ha Oepezens 2020 p.
denepanpamii ypsan CLIA Buminus Ha Hboro 314 muH gon. CIIA npu 3arambHuX
BuTparax Ha npoekT 957 muu gon. CHIA [3]. BpaxoBytoun 3aTpUMKH B peatizarlii
npoekTy NuScale J/lemapraMeHT eHEepreTUKH ITOTOIUBCS HAIaTH IS HOTO BUKOHAHHS
«HOBI Oaratopiuni acurnyBanHsi [lenapramenty enepretuku CHIA y HOMIHAIBHIN
cymi 1,4 minbsipaa gomapisy [3].

[Ilo cTocyeThcsi BapTOCTI eleKTpoeHeprii, ska BupobOmsitTuMerscs Ha AEC 3
moaynsmu NuScale, To ii HIKHSA Mexa cTaHOBUTH $58/MBT 1, a BepxHa —
$110/MBr .

Kpim Toro, npu ouiHtoBanHi 6e3neku npoektiB MMP HeoOXigHO BpaxoByBaTH
TaKl aCIEKTH:

e 00CsTU BIANPAIILOBAHOTO SIIEPHOTO MAaJMBa HA OAWMHUIIIO BUPOOJICHOT €Heprii
Oynyts mpubmu3zHo y 1,5—2 pa3u OUTBIIMMH, HIXK Y CYYaCHHUX PEaKTOPHUX
YCTaHOBKax;

® 00CSTH PaJl0OaKTUBHUX BIIXOJIB HA OJIMHUIIIO BUPOOJICHOI €Heprii MmiJ Jac
eKCIUTyaTallli, a TaKo 3HATTSA 3 ekciutyaTaiii MMP O6ynyts y 2—30 pasiB OuTbImMMu
NOPIBHSHO 13 Cy4YaCHUMH PEaKTOPHUMHU YCTaHOBKaMH |3, 4].

OTxe, NOUUTBHICTh NPUUHATTS PillIEHb I0OJ0 BIPOBAIXKEHHS TEXHOJIOTIT MaJIUX
MOJIYJIbBHUX PEAaKTOPIB B YKpaiHi MOKe OyTH HAyKOBO OOIPYHTOBAHOIO JIMILIE TICIIS
aHalI3y pealbHUX TEXHIKO-€KOHOMIYHMX MOKA3HMKIB, IO CTaHE MOXIIMBUM Y pasi
peamizaiiii npoekTiB MMP B iHIIUX KpaiHax.

IMigBumenHss edeKTUBHOCTI BUKOPHCTAHHS HasiBHOro mapky BBEP. B
Eneprernyniii crpaterii Ykpainu Ha nepiof 10 2035 poky cepes; OCHOBHUX 3aXOJIIB 3
peanizanii cTpaTeriyHUX Iiel y cdepl reHeparii eneKTpoeHeprii mnepeadayeHo,
30KpeMa, Taki [1]:
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e peamizaiisi mnOporpaM 31 30UIbIIEHHS  €(EKTUBHOCTI  BUKOPUCTAHHS
MOTY>KHOCTEH JIep kaBHUX MianpueMcTB, 30kpema miasuieHas KBBIT AEC (KBBII
— KoeIlI€EHT BUKOPHUCTAHHS BCTAHOBJICHOI MTOTY>KHOCTI);

e BUOIp pEAKTOPHUX TEXHOJOTIM Juia OyAIBHUITBA HOBHUX AaTOMHHUX
eHeproosokiB Ha 3amimeHHs moTyxHocted AEC, sKki BUBOIUTHUMYTHCS 3
excrutyararii micis 2030 p.

Po3rastHeMO OKpeMo KOXKHY 3 LUX MO3UIIIH.

OcHOBOIO SiAEPHOI EHEPreTHKN YKpaiHu € peaktopHi yctranoBku BBEP-1000.
Bceboro cranom Ha 2022 p. B cTaHi eKcIUTyararii mepedyBaroTh 35 eHeproOIoKiB 3
BBEP-1000 B miectu kpainax cBiry. Lle Ykpaina, bonrapis, Yexis, Kuraii, [aais, PO
[2].

Jlist Toro 1mo6 oniHUTH e(EeKTUBHICTh BUKOPUCTAHHS PEAKTOPHUX YCTAHOBOK 3
BBEP-1000 B Ykpaini, HE00X1/IHO MOPIBHSATH OCHOBHI IMOKAa3HUKH €KCIUTyaTalll IuX
PEaKTOpPHUX YCTAHOBOK, HacaMmIiepel Ti, [0 BH3HAYAIOTh IXHIO EKOHOMIYHY
edexTuBHICTh. OHUM 3 TaKUX MOKAa3HUKIB € 00CAT BUPOOJICHOT €IEKTPOCHEPTii Ha
pi3Hux peakTopHuX yctaHoBkax 3 BBEP-1000 3a ocranni poku. Takuii anasi3 nactb
3mory nopiHATH 1 KBBII pi3Hux eHeprooiokis.

Cepen ycix eneproosokie 3 BBEP-1000 nnst anamizy BuOepemo 1o
2 enepro6sioku 3 Ykpainu, bonrapii, Yexii, Kurato 1 P®. Kpurepiii Bindbopy —
HaANOUIbII Cy4YacHI €HEProOJIOKH.

OTxe, B IIbOMY pa3il 10 CIIUCKY NOTPAIUISIOTh TaKi eHeprooyioku (Tadm. 3):

e Vkpaina — eHeproomok Ne?2 Xwmenpauibkoi AEC, eneprotmox Ne 4
PiBaencekoi AEC;

Bbonrapis — enepro6mnoku Ne 5 1 Ne 6 AEC Kosnoayii (Kozloduy NPP);
UYexist — enepro6sioku Ne 1 1 Ne 2 AEC Temenin (Temelin NPP);
Kuraiit — enepro6moku Ne 1 1 Ne 2 AEC TsusBansb (Tianwan NPP);
P® — eneprobioku Ne 1 1 Ne 2 AEC Pocroscrkoi AEC.

Tabnuys 3. O6csTU BUPOOHUIITBA €IEKTpOCHEprii Ha eHeproobmokax 3 BBEP-
1000 32 2010—2021 pp., M KBT'T
Enepro6ioku BBEP-1000
R-4 | Kh-2 T-1 T-2 K-5 K-6 R-1 R-2 | TW-1 | TW-2
Ycworo 74498 | 77845 | 85930 | 84008 | 90267 | 90132 | 92926 | 84137 | 91269 | 92424

[Tapamerp

Cepenne | 6208 | 6487 | 7161 | 7001 | 7522 | 7511 | 7744 | 7649 | 7606 | 7702

Ilpumimka. R-4 — eneproomok Ne4 PiBaeHchkoi AEC; Kh-2— enepro6mok Ne 2
Xmenbuuipkoi AEC; T-1, T-2 — enepro6moku Ne 1 1 Ne 2 AEC Temenin (Yexisn); K-5, K-6 —
ereproosiokn Ne 5 1 Ne 6 AEC Kosznoayit (bonrapist); R-1, R-2 — enepro6ioku Ne 1 1 Ne 2
PocroBcrkoi AEC (P®D); TW-1, TW-2 — enepro6ioku Ne 1 1 Ne 2 AEC TsubBanb (Kurait)

Pe3ynbrat MOPIBHSHHS 3arajbHOTO OOCSTY BUPOOHMIITBA €JIEKTPOCHEPTIi 3a
TpuBaiauil nepiof pazom 3 nopiBHaHHAM KBBII ogHOTHITHUX €HEeproOIoKiB MOXKYTh
OyTH HaWOLIbII OOIPYHTOBAHUM ITOKa3HUKOM €(EKTUBHOCTI oOpraHizaiii BCIX
TexHoJyioriuHux mnporeciB Ha AEC. 3 anani3zy gaHux, HaBeAeHUX y Ta0j. 3, MOXHa
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3poOuTtn meBHI BUCHOBKH. Ilo-mepiie, cepemHiil piuHuil oOcCsAr BUPOOHUITBA
eJIeKTpoeHeprii Ha po3risiHyTux eHeprodiokax BBEP-1000 B Ykpaini Ha 11—14 %
MEHIIMM, HDK B I1HIIMX KpaiHax; MO-Apyre, 3a MaKCUMaJbHUMHU [OKa3HUKaMU
BUpOOHUIITBA eNekTpoeHeprii 3a octanHi 12 pokiB Ha XAEC-2 1 PAECH4
enekTpoeHeprii BupoOsieTbest Ha 15—20 % wmenme, Hixk Ha BBEP-1000 B iHmImx
KpaiHax.

OTxe, nuile 3aBASKM BIPOBAHKEHHIO MEPEJOBUX TEXHOJIOTIM eKCIuTyaTailii
BBEP-1000 na AEC Ykpainu MoHa 01aTKOBO BUPOOATH 10 15 mupa kBT, 1m0
€KBIBAJICHTHO O0CSTY €JIeKTPOCHEPTIi, IKUi Moke OyTH BUPOOJICHUN HA ABOX HOBUX
eHeprobokax noryxHictio mo 1000 MBT.

IlepcnexkTuBHA peakTOpHa TexHOJI0Tis Ha 0a3i mpoexkTy AP1000. CtanoMm Ha
2022 p. cepen MPOEKTIB PEAKTOPHUX YCTAHOBOK, IO HajeXaTh A0 MOKOMiHHS [+,
peaktopHa yctaHoBka AP1000 komnanii Westinghouse € HalOUIbII TPUBAOIMBOIO
ISl eHepreTUKN YKpaiHu 3a 0ararbMa acreKTaMu:

1) peaktop AP1000 minenzoBano B CIIA, Kanasi 1 1egkux 1HIIMX KpaiHax;

2) yotupu eHeprobioku 3 peakropoM AP1000 moHam 5 pokiB €KCILTYyaTyIOThCS
Ha 1Box AEC y Kurai (Sanmen-1, 2, Hayang-1, 2);

3)y CHIA na AEC Vogtle TpuBae OyIIBHHUIITBO JpYyroro eHepro0ioka 3
peakropom AP1000; ¢izuunuii myck nepiioro enepro6ioka BigOyscst 01 Gepe3Hs
2023 p.;

4) peaktop AP1000 mae enextpuuny notyxHicts 1150 MBT, sika € HaliMeHIIIO0
cepen 1HIIMX peakTopiB HoBoro mnokomiHHA: EPR-1750, APR-1400, BBEP-1200.
Takum unHoM, noTyxHIcTh AP1000 cranoBuTH Maiixke 10 % cymapHOi MOTY>KHOCTI
BCIX JDKEpe eJeKTPONOoCTayaHHs B HIYHUA MIHIMYM JITHBOTO €JIEKTPOCIIOKUBAHHS B
VYkpaiHi, BIANOBITHO, 1 BAMOTH 10 «Tapsiuoro» pe3epBy € MEHII )KOPCTKUMU;

5) exoHoMiuH1 moka3HUKM ekcrryarauii AP1000 y Kwurai € xopommmm.
Hampuknan, xoedillleHT BUKOPUCTAHHS BCTAHOBJIEHOI MOTYKHOCTI IepeOyBae B
nianazoHi 90—99 %, mo € oxHuM 3 Hakikpamux moka3HukiB cepen AEC caity [2].

Cranom Ha 2022 p. peaktop AP1000 € HaitOLIbII anmpoOOBaHUM cepel 1HIINUX
NPOEKTIB peakTopiB mokomiHHs [[I+, 30kpema ToOMy, IO B MPOEKTI IIHMPOKO
BUKOPHUCTOBYIOTh HasiBHI Ha ChOTOJHI TEXHOJIOTIi Ta MACUBHI CUCTEMHU Oe3reku. Y
KOHCTPYKIIi peakTopa 3MEHIIEHO KUIBKICTh KOMITIOHEHTIB, y TOMY YHCIi TpYO,
ka0eniB, enekTpoapMmarypu. [IOpiBHSHO 3 TMOMEpPeNHIMA TPOEKTAMU KOMIIaHii
Westinghouse B mpoekti AP1000 KUIBKICTh KjlamaHiB, MOB'S3aHUX 13 CHUCTEMaMH
0e3neku, 3MeHIIeHo Ha 50 %; HacociB — Ha 35%; TpyOonpoBoAiB, MOB'SI3aHUX 13
cucteMamu Oesneku, — Ha 80 %; kabeniB cucteM KepyBaHHI — Ha 85 %;
OyniBenbHMM 00'eM — Ha 45 %.

Opnnax y AP1000 € Takosx 1 mpoOJieMHI MOMEHTH, a CaMe:

1) BimomMO mpo mpoOJeMHu 3 TOJIOBHUM IUPKYJSILIHHUM HACOCOM SIK Ha eTari
MOTIEPEIHIX BUMPOOYBaHb, MiJ Yac SKUX OYJIO BHUSBJICHO MOIIKOIKCHHS PI3HUX
enemenTiB ['TIH, Tak 1 B mporieci mpoMUCIOBOi eKcInTyarariii Ha Sanmen-2. Y 2019 p.
Ha Sanmen-2 BiaMoBuB ouH 3 ['TIH, s 3aminu sKOro 3Ha100MBCs Mailke pikK;

2) Ans mepIrX MIECTH €HEProOIIOKiB, AK1 BXKE MPAKTHYHO MOOya0BaHO (4 — B
Kurai, 2 —y CIIA), peanbHi TepMiHu Oy 1iBHUIITBA 3HAYHO MEPEBUIIYIOTH POEKTHI.
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Tak, cepenni crtpoku OyniBHUITBa eHeproOnokiB 3 AP1000 B Kwutai peanpHO
CTaHOBJISITH 8—9 pOKIB MOPIBHIHO 3 IPoeKTHUMU 4 pokamu. Y CIIA eHeproOi1oku 3
AP1000 Takox O0yayroTscs Bxke 10 pokis [1];

3) mUTaHHSA 11010 BApTOCTI OYAIBHUIITBA TaKOX He 3’ sicoBaHe. CTaHOM Ha KIHEIIb
2021 p. 3aranpHa BapTicTh OyaiBHHIITBA 1BOX eHeproOiokiB 3 AP1000 na AEC Vogtle
BXKe nepesuirye $25 mip;

4) noricTUYHE MUTAHHS 1010 JocTaBK Ha Maiinanunk AEC BenukorabapuTHUX
KOHCTPYKIIiii 1 o6nmaananus. iamerp kopiycy peaktopa AP1000 B paiioHi naTpyOKiB
— OIM3BKO 5 M, a liaMeTp maporenepaTopa — 0au3bko 6 M. ToMmy TpaauiiiiiHa cxema
JIOCTAaBKU 00JIaHAHHS 3aJII3HULICI0 HEMOXITHBA, 1 m1g MaimanunkiB XAEC, PAEC i
[TAEC HeoOXxi1HO BUpILITYBaTH MPOOJIEMY TOCTaBKH BaHTaXKiB aBTOTPAHCIIOPTOM Ha
BenuKi BiAcTaHi (moHay 100 km).

Cranom Ha 2022 p. eneproonoku 3 AP1000 B iHImMX KpaiHax HE OyQyrOThb. Y
2016 p. na pieHi kepiBauuTBa CILIA Ta [Ha1i Oyno 3po0ieHo 3as8By PO HAMIPH 1010
oyniBauITBa 6 eHepro6iokiB 3 AP1000 B Innii y mrati Auaxpa Ilpaner, ogHak 10
MPAKTUYHUX KPOKIB CTOPOHM TOKH IO HE MepeHnuiv. BimomMo Takox mpo Hamipu
[Tonburi moOyayBaTtu 6 peakTopiB aMEPUKAHCHKOTO BUPOOHMIITBA, TPO IO OYIIO
3agBiieHo y 2020 p., ane y 2023 p. 3’siBUIMCS MOBIIOMIICHHS PO TJIaHU MO0y TyBaTH
3 enepro6ioku 3 AP1000.

VY camux CIIA 6yno Bumano 14 minensiit Ha OyaiBHuirBo AP1000: mo 2
eneproosioku Ha AEC Bellefonte, Levy Country, V.C. Summer, Vogtle, W.S. Lee,
Turkey Point, Harris. fIk BijoMo Ha ChOTOAH1, OYIIBHUIITBO BeAeThCs juiie Ha AEC
Vogtle, na AEC V.C. Summer OyaiBaunTBo npunuHeHo y 2018 p. Omxe, 3a ocTaHHI
9 pokiB, nmounHatoun 3 2013 p., HoBe OynmiBHULTBO eHeprodsokis 3 AP1000 ne
nounHanocs. Benuka bpuranisa Ha tenaepi y 2018 p. obpana texnonorito EPR-1750
Ju1st OyiBHUIITBA 3aMintytounx notykHocteit Ha AEC Hinkley Point [2].

[lincymoBytouM HaBeleHy 1H(GOpMallil0, MOKHA MOTOAUTHCS 3 BU3HAYEHHSIM
texHoJorii AP1000 sk mpiopuTeTHOT peaKTOPHOT TEXHOJIOT11 IETKOBOJHUX PEAKTOPIB
BEJIMKOT TMOTY>KHOCTI JUIsl TOJAJIBIIOTO BpaxyBaHHS mpu (OpMyBaHHI CTparerii
PO3BUTKY siiepHOi eHepreTuku Ykpainu. IIpore meit BuGip 3po0OieHO HA OCHOBI
EKCIIEPTHUX OIIHOK 3T1THO 3 BAKOPUCTAHUM METOJIOM OaraTOKpUTEPIaJIbHOTO aHATi3Y
Oe3neku. A 710 eKCHEepTHUX OILIHOK 3aBXAU € Oararo nutanb. HaykoBii IncturyTy
npoosiem Oesnekn AEC HAH Vkpaiaum maroTh JAOCBiJl HE JHINE Y BUKOPUCTaHHI
METOJly OaraToKpUTepialbHOIO aHaJli3y, a 1 y NPaKTUYHUX poOOTaxX 3 po3pOOICHHS
npuctpoiB g peaktopiB AP1000, ockiabKM 11 poOOTM BUKOHYBAJIUCS IS
kutaricbkknx AEC, a TakoX y 3acTOCyBaHHI HOBUX BHJIB OCTOHHUX CyMIIIEH ISt
O1oJ0T1YHOrO 3aXKcTy. BBaxkaemo, mo qocsia HaykoBux yctanoB HAH Ykpainu Oyze
BpaxoBaHO IiJi 4Yac MPUUAHATTSA pIIEHHS NOpo OyAIBHULITBO HOBHUX SACPHUX
€HEePro0JIOKIB.

VYci MU pO3yMIEMO BKJIMBICTh 1HHOBAIIMHUX TEXHOJOTIM IJIsl MIATPUMKH ¢
PO3BUTKY SIIEPHOI €HEPreTHKH. SlnepHa eHepreTHkKa y CBITI PO3BUBAETHCS JIMIIE
3aBISIKM HAyKOBO-TEXHIYHOMY Mporpecy. [Ipukpo mpo 1e roBoputH, ane B YKpaiHi
HIYOrO He poOUThCS, 00 MiIHECTH 1HHOBAIIMHY AISJBHICTD Y SIIEPHINA Tamy3i Ha
BIZIMOBIAHMI piBeHb. [I0KM 10 «IHHOBAIlIiHA AISUTbHICTEY», HA JKajlb, 3BOJUTHCS 10
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3aKyMiBJIl 3a KOPJOHOM HAasBHUX 1 HE 3aBXIM NPOTPECUBHUX TEXHOJOTIH Ta
obnagHaHHsA. B pesynapTaTi MaeMo 3HUINEHHS HAIIOHATBHUX HAYKOBUX IIKLT 1
3aHena/ HAyKOBHUX 1HCTUTYIIIH.

JlouinpHUM € BUKOpUCTaHHS B YKpaiHi gocBiny Kwurato, HaOyTtoro mpu
cniopypkeHH1 4 enepro6iokiB 3 AP1000. Hanpuknan, cepeaHiit piBeHb JoKai3alii
npu OyniBHUITBI Y Kutai 1ux eHeproOyIoKiB CTaHOBUB y cepeaHboMy 55 %. [pu
IbOMY Ha MEpUIOMY 3 YOTHUPbOX E€HeprooOsiokiB Sanmen-1 piBeHb JioKamizalli OyB
25 %, a Ha yetBepTomy Haiyang-2 — Bxxe 70 %. Ciin Takox 3BepHYTH yBary il Ha
BIIOMY HEY3TO/KEHICTh MK aMEPUKAHCHKUMHU 1 KUTAHCHKUMH TMapTHEpaMU IMPHU
BHECEHHI 3MIH y MPOEKTHY JOKyMEHTAIlil0. 3arajioM Tulbku 3a mepion 3 2009 mo
2013 p. y npoekT eHeproosioka Sanmen-1 Oyno BHeceHo 18 000 3miH.

BucnoBku. [IpoBeneHO HAyKOBO-TEXHIYHHUNA 1 TEXHIKO-€KOHOMIYHUUI aHai3
PEaKTOPHUX TEXHOJIOT1H 1 OKPEMUX MPOEKTIB PEAKTOPHUX YCTAHOBOK, SIKI CTAHOM Ha
2022 p. BBaXKAIOTh NEPCIIEKTUBHAMMU IS SIACPHOI eHepreTuku. Cepen po3risIHy TUX
NPOEKTIB € 1 Taki, MmO TUIbKU po3podsitoThess (INPRO, MMP), i Ti, mo Bxe
nepeOyBatoTh B excrutryatariii (AP1000, EPR-1750, BBEP-1200).

HaBeneHo pe3yibTaTé MOPIBHSJIBHOIO aHAI3y pPOOOTH PIZHUX PEaKTOPHUX
ycranoBok 3 BBEP-1000 3a 0CHOBHMM €KOHOMIYHUM MOKAa3HUKOM €(PEeKTUBHOCTI —
o0cAroM BUPOOHUIITBA €JEKTpoeHeprii. 3po0JieHO BHCHOBOK, M0 B pasi
BIIPOBA/DKCHHS TMEPEOBUX CBITOBMX TEXHOJOTIH 1 MIAXOMIB JO oOpraHizamii
TEXHOJIOTTYHUX MPOoLECciB Ha peakTopHuX ycraHoBkax 3 BBEP-1000 na AEC Ykpainu
MO>KHA JJOJJATKOBO BUPOOJIATH 110 15 Mupa kBT T enekTpoeHeprii Ha pik, 110 31CTaBHE
3 pIYHMM BUPOOHHULITBOM €JIEKTPOCHEPTIi Ha ABOX HOBHX €HEProOI0KaxX MOTYKHICTIO
1000 MBr.

Ha ocHOBI OPIBHSUIBHOTO aHai3y OCHOBHUX TEXHIKO-€KOHOMIUYHUX MOKA3HUKIB
CyYaCHHX PEaKTOPHMX TEXHOJOTIH, sKI Hajlexarb a0 mnokoiiHug [+ 1 Bxe
nepedyBaroTh y cTafii ekcrutyatarnii, a came AP1000, EPR-1750, APR-1400, BBEP-
1200, nepesary Bimnano texnonorii AP1000.

Bubip texnomorii AP1000 sk npiopuTeTHOI 71 MOAAIBIIIOT0 BpaxyBaHHS MPU
dbopMyBaHH1 CTpaTerii pO3BUTKY SIACPHOI CHEPTeTUKH YKpPAiHU € MPUMHATHUM, ajie
e BUOIp moTpedye MIATBEp/UKEHHS 3 OOKY eKCIUTyaTyrodoi opraizamii 3
MPOBEACHHAM HEOOXITHUX Npolenyp y3romxkeHHs ianmosimHoro TEO Tta iHmmx
3aX0/J1iB 3T1JTHO 3 YUHHUM 3aKOHOJIABCTBOM Y KpaiHH.

[Ipu oOrpyHTyBaHHi pieHHs 040 Budopy AP1000 HeoOXx11HO 3BEpHYTH yBary
Ha BXE BIJOMI MpPOOJEMHI MUTAHHS, SIKI BUHMKJIM B MPOIEC] BIPOBAKEHHS III€]
TexHoJsorii Westinghouse, a Takox Ha 1ocBi Kuraro 3 6yaisauirea AP1000.

Cranom Ha 2023 p. mNpUHHATTS pilleHb OAO BHOOpPY AJIsi BIPOBAIKEHHS B
VYkpaini Oyab SKOTO 3 MPOEKTIB MaMX MOAYJIBHUX PEAKTOPIB € MepeayacHuM 1
HAYKOBO HE OOTPYHTOBAHUM.

[Ipu ¢opmyBaHHI TemMaTUKu (YHIAMEHTAIBHUX 1 TPUKIAJHUX HAYKOBUX
JOCHIJKeHb BapTO MepeadayaT NpiOpUTETHI 3aBJaHHsI, CIPSMOBAHI Ha BUPIIIEHHS
MUTaHb, OB’ SI3aHUX 3 PO3BUTKOM SAEpHOI eHepreTuku. Kpim toro, ciif 3a6e3neuntu
MOJIaNbIIIe BUKOHAHHS MPUKIIQAHUX JOCIIHKEHb 3 pO3pOOJICHHS HAyKOBOI 1 TEXHIKO-
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€KOHOMIYHOI OCHOBHU ONTHUMAJIHLHOTO BHUOOPY TMEPCIEKTHUBHUX SIEPHUX YCTAHOBOK
U1 Y KpaiHu.
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DEVELOPMENT OF NUCLEAR ENERGY IN UKRAINE -
PERSPECTIVES AND PROBLEMS

Borysenko Volodymyr

Institute for Safety Problems of Nuclear Power Plants of the NAS of Ukraine, Kyiv
vborysenko@ispnpp.kiev.ua

The article provides information on the current state of nuclear energy in Ukraine
and the world, analyzes the general trends that are observed in the electric power
industry. Currently, 12 out of 15 power units of Ukrainian NPPs are already operating
beyond design life, so in 10-20 years the time will come for their decommissioning,
therefore the question of a reasonable choice of promising reactor technology for its
further implementation in Ukraine is relevant. The technical and economic parameters
of modern reactor units, both already implemented at nuclear power plants in the world,
and those under development, which can be competitive if they are successfully
implemented, are considered. Such projects include innovative fourth-generation
reactor units and small modular reactors. The problematic issues of the prospects for
the introduction in Ukraine of not yet tested reactor technologies are discussed. The
analysis of the technical and economic indicators of VVER-1000 in different countries
has been carried out. Problematic issues of the most proven design of the Westinghouse
AP1000 generation IlI+ reactor are considered.

Keywords: reactor technologies, innovative nuclear reactors, generation IV
nuclear reactors, small modular reactors, VVER-1000, AP1000.
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KOHIENTYAJIbHI 3ACAZIN BITPOBAIKEHHS MAJIUX
MOJAYJbHUX PEAKTOPIB B YKPAIHI

Bepxosyes Banenmun, /{emixos IOpiii, 3abynonos IOpiti, Tuwenxo FOpit

JlepxaBHa ycTaHOBa «[HCTUTYT reoxiMii HABKOJIHMIITHEOTO CEPEIOBHUIIA
HamionanpHoi akanemii Hayk Ykpainn», M. KuiB, e-mail: igns@nas.gov.ua

Illo Take MMP?

Mamni moaynbHi peaktopu (MMP) — HOBITHSI TEXHOJIOTISI CTBOPEHA HA OCHOBI
PEaKTOpiB TPEThOTO TMOKOJIHHSA (Y TEpPCHeKTHBI — YETBEPTOTO), sSKa Todaja
MpUBEPTaTH 10 ceOe MOCWIEHY yBary B OCTaHHE JECATUIITTS 1 3apa3 CTPIMKO
PO3BUBAETHCH.

3rifHO 3 BHU3HAYEHHAM MDKHApOJHOIO areHTCTBA 3 AaTOMHOI €Heprii
(MAT'ATE) [1], mo Manux peakTopiB HaJIeKaTh PEAKTOPH, SIKI MAIOTh MOTYXHICTh
<300 MBrt(e), a6o <1000 MBT(T) Ha peakTop 1 CKJIaJaI0ThCs 3 MOJYJIIB, SIK1 TIEpe]
[OCTaBKOIO T4 MOHTaX€M Ha MalIaHYUKy CEpiHHO BUTOTOBJISIIOTHCS Ha 3aBOJ1
BupoOHHKa. MMP mpuzHaueHi 1 BUpOOHUIITBA €JIEKTPOCHEPTii, TEXHOJIOTTYHOTO
Teria, OMPICHEHHS BOAM 1 pO3paxoOBaHI HAa BUKOPUCTAHHSA KITBKOX MOMYJIB,
3alIeKHUX Bia OfHIET 1HGpacTpykTypu. Texnomnorii MMP MoxyTh BKIIOYATH
peakTopu 3 PI3HUMHU THIIAMUA OXOJIOJDKCHHSI: BOISHHUM, BHCOKOTEMIIEPATypHUM
ra3oMm, pIIKOMEeTajIeBUM, po3IIaBIeHUMHU cojisiMiu. MMP MoxxyTh OyTH Ha3€MHUMH,
M1JI3€MHUMH, MTABOJHUMHU, a00 MIaByuyuMu aToMHUMHU esekTpocTaHiismu (ITAEC).

OcTaHHIM YacoM cepej SIIEPHUX YCTAHOBOK BUUISIOTH TAKOXK MIKPOPEAKTOpU
(MP), sixi MaroTh 111€ MEHIILY MOTYXKHICTh (OJuHUII 4u AecsaTku MBT), To6TO Ha
JAHUM Yac NpUNHATA HACTyIHA KiIacu(iKalis:

1. Benuki; 2. Maii; 3. MIKpO.

SIx BunmBae 3 Ha3Bu, MMP €:

Manumu — TOMY 1110 BOHU 3HAYHO MEHII 3a TPAAMIINHI SIepHI eHEepPreTHYHI
peaxkTopu;

MOOYIbHUMY — TOMY 1110 CUCTEMH 1 MOJTYJIl BUTOTOBIISIFOTHCS 1 30MPAIOTHCS HA
MIIITPUEMCTBI 110 JTO3BOJISE X MEPEBO3UTU €MHUM OJIOKOM JIJIsl BCTAHOBJICHHS Ha
MICIII TPOMUCIIOBOTO 3aCTOCYBaHHS;
peakTopaMu — TOMY IO Y HUX BHUKOPHUCTOBYETHCS SACPHUN TOIN AJST BUIIICHHS
Teria 3 METOI0 OJIEp>KaHHS eHeprii.

3apa3 y cBiTi po3pobiseTbcss moHaa 80 KOMEpLIMHUX MPOEKTIB CTBOPECHHS
MMP, sxi 3HaxomsThCSd Ha PI3HUX CTaJigX HAYKOBOI pO3poOKH, eTamax
IPOEKTYBAHHS, PO3pax0BaHi HA P13HY MPOJYKTUBHICTh Ta Pi3HI Tally31 3aCTOCYBaHHS
(eneKTpoeHEPTeTHKA, TIOPUIHI CHEPTETUUHI CUCTEMU, OTIaJICHHS, ONIPICHEHHSI BOJIH,
IPOMHUCIIOBA MapOTreHepallis, MeTalyprisi, TepMOXiMisi, BAPOOHUIITBO BOJHIO TOLIO).

[lepeBaru MMP noxonsth BiJf «MaJIOro» Ta «MOYJILHOTO» XapaKTepy IXHbOTO
nu3aiiHy. IX HeBenukmii po3Mip O3Hayae, MO iX MOKHA PO3MICTHTH B MicLfX,
HEMPUJATHUX IJIS1 BEIMKUX aTOMHHUX €JIeKTpocTaHIiid. 30ipH1 OJOKH MOXYTh OyTH
BUTOTOBJICHI, a MOTIM JOCTaBJIE€HI Ta BCTaHOBJIEHI HA Mmicii. Lle pobuts ix OiibI
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JNOCTYMHUMH JJI1 3aCTOCYBaHHS, HDK TPaAMLINHI pPEaKTOpH, SKI 3a3BUYAl
PO3pOOISAIOTHCS  CHEIIaIbHO JIJIi KOHKPETHUX MICIb, IO MOTpeOye 3HAUYHUX
KaImiTaJIOBKJIaJIeHb, TPUBAJIOrO MPOEKTYBAHHS, €KCIIEpTU3H Ta OyaiBHUIITBa. MMP
MO>KYTb BCTAHOBJIIOBATUCA SIK KOKEH OKPEMO, TakK 1y 0araToMOyJIbHOMY BapiaHTi
(IpH IbOMY €KCIUTYaTy€EeThCs TIeBHA KUTBKICTh OJJHAKOBUX PEAKTOPIB HA CILILHOMY
MaiJIaH4YMKYy, sIKI BAKOPUCTOBYIOTh CIIUIbHY 1HQPACTPYKTYpy, CUCTEMY (Di3MUHOTO
3aXHUCTy, IIEPCOHA] TOIO). TakuM YWHOM, TexHosioris MMP npumarHa ns
MOCTYIOBOT'O PO3TOPTAaHHS BIAMOBIIHO /IO 3pOCTaHHS MOMUTY Ha €HEPTiIo.

Buma naniiinicte MMP 3a06e3nedyeTbcss BUKOPUCTAHHSIM MACHBHHUX CHCTEM
Oe3MeKu MpU MEHIIH MOTYXHOCTI PEaKTOPIB Ta HIKYOMY THUCKY POOOYOi 30HHU.
[TacuBH1 ccTeMU BUKOPHCTOBYIOTh Taki (PI3WUHI ABHINLA, SIK TPUPOTHA LIUPKY AL,
KOHBEKIIis, TpaBiTallisl Ta TUCK, 110 JI03BOJISIE ABTOMATUYHO BIJIKJIFOYATH KPUTHYHI
CHCTEMH PeaKTopa MpH 3arpo3i Haa3BUYaiHOI CUTYyallli; TEOPETUYIHO II€ O3HAYAE, IO
BTPYYaHHs JIFOJIMHU HE TTOTPIOHE.

IcTopis Ta mepeaymoBun

[IpuitHATO BHAUIATA KIUIbKA €TalliB PO3BUTKY TEXHOJIOTIN  sIepHO-
enepreruyHoro komruiekcy (FEK). Ha nanwuii yac y cBiTi yHKIIIOHYIOTh peaKTOPU
NEPEBAKHO JPYroro MOKOJIHHS, CTBOPEHHS SKHX posnodanocs me y 70-Ti poku
MUHYJIOTO CTOMTTS. OUiKy€eThCsl, 110 cyyacHu# etan po3BUTKY SEK TpuBaTume e
KUIbKa JECATHIITH [2], TPOTArOM SKHX OCHOBHI OOCSTH e€HeproreHepartii
3a0€3IeuyBaTUMETLCA 3a PAXyHOK EKCIUTyaTallli BKE€ ICHYIOUHMX BOJO-BOASHUX
peakTopiB (3apa3 BOHM MNPOAYKYIOTh Maibke 70 % snepHOi eHeproreHepariii).
TpuBanuii yac AOMiHyBajla TOYKa 30pYy, IO HAWMPOCTIIIMM 1 HalePEeKTUBHIIINM
3ac000M MoKpaliaHHs ekoHOMIYHUX Moka3HUuKiB AEC Ta 3a0e3neueHHs 3p0CcTarounx
CHEPreTUYHUX TOTpeO € 3O0UIBIIEHHS TMOTYXKHOCTI SAEPHOrO peakTopa 0e3
MPUHITUTIOBOT 3MIHM MOTO CHCTEM, TOMY MOJKHA OYIKYBaTH IPOJIOBKEHHS
OyIIBHMILITBA MOJEPHI30BAaHUX PEAKTOPIB TpaauuiiHux TumiB. IIpore, Hapasi He
ICHy€ TEXHOJIOTIYHOI po3po0KH, KoTpa O mepembayana icTOTHE (Ha TOPSAIOK)
30UTBIIIEHHS TTOTYKHOCTI 0€3 KON TTOKa3HUKaM JIepHOi Ta paaiariiiHoi Oe3MeKu.
Boanouac, y CIIA, Snownii, [liBnenniii Kopei Ta neskux e€Bpomneichkux KpaiHax
PO3POOIISIOTHCS 1 BBOJSATHCS B 110 PEAKTOPU TPETHOTO MOKOIIHHS, K1 MAIOTh P
MpPUBAOIMBUX TIEpEBar, MEepIIl 3a BCE — BUII PiBHI O0€3MEKH Ta MiHIMAJIbHHUI BIUINUB
Ha 0BKULIA. OCHOBHOIO BIMIHHICTIO PEAKTOPIB TPETHOTO MOKOJIHHS € HAsIBHICTh
BXKE 3raJlaHuX eJIEMEHTIB TMAacHUBHOTO 3axUCTy. BojgHouac, BXe BeIyThCA
KOHIIENITYyaJIbH1 PO3POOKH PEaKTOPIB YETBEPTOTO MOKOJIIHHS.

PeakTtopu TpeThOTO MOKOJIHHS MOXHAa yYMOBHO TOJUIMTA Ha JBa KJIACH:
peakTopu BeJMKOi1 moTykHOCTI Ta MMP. Psa kpain, nepi 3a Bce — CIIIA, MaroTh
3HAYHUN J0CBiJl cTBOpeHHST MMP y BiiicbkkoBUX I1ijIsiXx. TakuM YHUHOM, HOBI
PO3pOOKH CIIPOMOKHI I[IJIKOM BJIAJIO MOEAHYBATH TEXHOJOTYHI IEpeBaru peakTopiB
TPETHOT0 MOKOJIIHHA 1 HAKOTIMYEHUN JTOCBIJ CTBOPEHHS PEAKTOPIB il BIHCHKOBOI
ramysi.

IlepeBaru Ta HeBU3HAYEHOCTi
Sk 3a3Hauanocs, nepcrnekTuBru BukopuctanHas MMP mnoB’s3ani He nuie 3
BUPOOHUIITBOM HEIOPOTOI €JIEKTPOCHEPTii Al eHepro3abe3rneueHHss B MacmTadi
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BCi€i KpaiHH, aje 1 3 TeIIOo- Ta €IEKTPOSCHEPreTUYHUM 3a0€3MEeYCHHIM OKpPEeMUX
MICBKHX arjioMepailii (koMmyHajabHa cpepa) Ta OKpeMHX IMPOMHUCIOBUX MiITPUEMCTB
(mpuBatHa cdepa).
OcnogHi niepeBaru MMP, nopiBHsiHO 3 Tpaauiiiitnumu Beaukumu AEC, — 6e3mneka
Ta EKOHOMIYHICTh — [MOB’s13aH1 3 TAKUMHU iX OCOOIMBOCTSIMHU:

® BUKOPHUCTaHHS IHTETPAIbHUX KOHCTPYKIIii;
CHpOIIEHA apXITEKTypa;
CTaHAApTU30BaHa KOHCTPYKIIiS;
BHYTpIIIHS MpUTaMaHHa Oe3neKa;
3MEHIIICHAa CyMapHa paaiOaKTUBHICTh aKTUBHOI 30HU;
MEHIII PO3MipHU aKTUBHOI 30HU JI03BOJISIFOTH CIIPOCTUTH CUCTEMY O€3MEKH;
Kpallll MOXKJIUBOCTI B 00JaCTi MOJYJIbHOTO BHKOHAHHS 1 T€XHOJIOT1YHOCTI
BUTOTOBJICHHS;

® [IiIBUIIEHA THYYKICTb.

Ockuibku TexHosorii MMP mBHIIKO pO3BHUBAIOTHCSA, 3 BUCOKOIO IMOBIPHICTIO
MOKHa OYIKYBaTH 1 3pocTaHHs mepeBar Ta mnpuBabiuBocti MMP. Tak camo
IMOBIPHO, IO 3MEHUIYBaTUMYThCS MOTEHIIMHI HEJOIIKA Ta HEBHU3HAYEHOCTI, K1
NepeiyeHi HUKYe:

1. CoGiBapTicTh. Ha naHuii yac 3asiBJ€HI OPIEHTOBHI BUTPATH Ha CTBOPEHHS
(mIpo€ekTyBaHHS, PO3pPOOKY, BUPOOHHUIITBO, MOHTaX, 3allyCK) OJHOrO0 peakTopa
notyxHicTio 300 MBT cknangarots 1 mupa nonapi. O4eBUAHO, 13 HAATOKEHHSIM
Ta BIJIPAIIOBAHHIM CEPIMHOTO BUPOOHHUIITBA, KOOMEPAIlii, PO3BUTKOM CYMIKHUX
rajiy3eu Tomio, B pUHKOBUX YMOBaxX c0o01BapTIiCTh Oy/i€ HEYXWIbHO 3HI)KYBATUCH.

2. TexHOJIOT1YHI HEeBU3HAYEHOCTI. ICHYIOTh TIEBHI, HE JI0 KIHIISA BiAIpaIiboBaHi,
KOHCTPYKTHBHI 1 TEXHOJIOT1YH1 aCTIEKTH, HAITPUKJIA/, TIOB’A3aH1 3 BHOOPOM SIIEPHOTO
najvBa Ta CHOCOOOM MOro 3aBaHTaXEHHS-pO3BaHTaKEHHS. OUiKyeTbCs, IO I
HEBU3HAYECHOCT1 OYIyTh YCYHYTI MiJ Yyac peai3allii mJI0THUX MPOEKTIB.

3. Ilpouec MOBOMKEHHS 3 BILAOPAIbOBAaHUM sjepHUM mnanuBoMm (BAIL) npu
peanizauii npoektiB MMP notpeOye okpemoi yBaru. s tux MMP, sxi OyayTh
MpaioBaTd Ha TOMY > MalKBi, MO 1 TPaAMIiAHI aTOMHI €JIEKTPOCTaHIIIi,
MOBO/DKEHHS 3 BIJINPAllbOBAaHUM TAJMBOM OyJi€ aHAJOTIYHUM SK 1 Yy BHUIAJKY
BeJUKUX peaktopiB. CiiJl 3a3HAYUTH, IO P PEAKTOPIB TPETHOTO Ta YETBEPTOTO
TIOKOJTIHb XapaKTEPHU3YIOThCS BHUIIUM CTYyIIEHEM BHUTOpPAHHS TMaJlMBa 1 BUIIOO
e(eKTUBHICTIO HOTO BUKOPUCTAHHS, 110 3HIXKY€E 00csiru BAIL.

4. IlporaJvHu v 3aKOHOAABYIM 1 HOpMAaTHUBHIN 0a3i. Ha croromHiniHii 1eHb e
BaXJIMBA MpodiieMa, sika Moke OyTH TMOCTYNOBO BHpIIIEHA IIISXOM aHali3y Ta
ypaxyBaHHS JOCBIy peami3allii MiJIOTHUX MPOEKTIB, SKI BUKOHYIOTH MPOBIIHI
CBiTOBI KoMIiaHii-po3poouukrn MMP. Ha uac miarotosku 1iei crarti MAT'ATE ne
BHOpPMOBaH1 BuMorH 710 0e3nexkn MMP, 110 ranemye ix BopoBamxkeHHs. [ligroToska
Ta IMIUICGMEHTAIlls BIAMOBIAHOI HAIlIOHAJBLHOI HOPMATHBHO-IIPAaBOBOi 0a3u €
KJIFOYOBOIO TIpo0JieMoro cTBopeHHss MMP B YkpaiHi.

5. HeBu3HaueHa cychijibHa TMO3MIlS, HACTOPOXKEHE CTABJICHHS «3€JIEHOD»
IPOMAJICLKOCTI, NOTEHI[I1HA HEraTHBHA PEaKIlis 3 OOKY MICIIEBUX TPOMA/I.
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Konmu MmoBa 3axoauTh Mpo BHUCBITICHHsS mepeBar Ta HemoidikiB MMP, ix
npuiiHaTo nopiBHioBaTH 3 AEC, 110 Ha Hall MOTJISA HE 30BCIM BIPHO, IPUHANWMHI
JUTSL TAKUX KpaiH, K YKpaiHa, Jie sepHa eHeproreHepailisi € CTpaTeriyHol0 raitys3io
C€KOHOMIKH, Ha SIKIM TPUMAEThCA BECh MPOMUCIOBUM MOTEHIan Kpainn. MMP €
Jy’)K€ TEePCHEKTUBHUM HANpPSMOM TOCHIIEHHS LbOrO MOTEHIlially, aji€é MOBHICTIO
3amiHUTH AEC B 10CSHKHOMY MallOyTHbOMY HaBPSiJ UM 3MOXKE.

Cnin BpaxoByBaTH, 1110 KOMIaH1i-BUPOOHUKHU PO3pOOJIsitOTh pi3Hl T MMP,
K1 PI3HATBCA TOTYXXHICTIO, KOHCTPYKTHBHHUMH OCOOJIMBOCTSIMH, CIIOCOOOM
OXOJIOJKEHHS, a TaKOX — MPU3HAYCHHSIM, 10 poOUTH YyHI(pIKOBaHMN MiAXiT B
OLIIHIOBaHHI IUTIOCIB 1 MiHyciB MMP manonpoayKkTHBHUM.

Kommnanii, siki € gigepamu 3 TexHIYHUX po3poook MMP Ta Haii6inbm O0au3bKi
70 BTUIEHHSI CBOiX MpPOEKTIB y kUTTH, 1e: NuScale Power, Holtec International,
Westinghouse, Hitachi Nuclear Energy, Rolls Roys Ta inmii. Oanak, 3apa3 He iCHye
€IMHOI cTparerii po3BUTKY MMP Hi y KoMnaH1i-po3p0OHUKIB, Hi 3 00Ky Jep:KaBHUX
opraHiB. B Ykpaini Ha nanuii yac cutyanis HeBuszHadeHa. HAEK «Eneproarom»
JIEMOHCTpY€E 3alliKaBlieHICTh y 3amiHi MMP enepro6miokis AEC, ski goBeaeThes
yepe3 pi3HUN 4Yac BUBOAUTU 3 ekcrutyaranii. Tob6ro MMP posrasgaerses sik
HMOBiIpHa aJbTepHATHBA OYIIBHHUIITBA HOBHX CHEProOJIOKIB, HEOOXITHUX IS
HIATPUMKH SJEPHOT €eHeproreHeparii.

Ha panuii yac He BM3HAUEHO, YW MIANANAE PErYJIOBaHHS BIPOBAKEHHS,
BUKOpPUCTaHHA Ta posminieHHs MMP no Bukmounoi kommeteHiii HAEK
«EHeproarom», uu 1l MOBHOBAKEHHS MOXKYTh OyTH NepeAaHi 1HIIUM 1HCTaHUIAM. 6
mororo 2023 poky BepxoBna Paga npuitHsiia B uistomy 3akoHonpoekT Ne 8067 «IIpo
koprnopatuzauito aepxmianpuemctsa HAEK «Eneproatom». Ilum 3axoHOM
MPOMOHYETHCSI BU3HAYMTH TMPOLEAYPY YTBOPEHHS aKI[IOHEPHOIO TOBAPUCTBA
«HAEK «Eneproatom», 100 % akiiif sskoro HajJeXaTUMyTh JAEp>KaBi, Ta MOPSIO0K
(yHKI10HYBaHHS IbOI'O TOBAPUCTBA.

[TapanenbHO 3 AepKaBHUM MOHOIIOJIICTOM Y Tajly31 iIepPHOT €HEPreTHKHU, IEBHY
3aifikaBieHictTh MMP mo4ynHaloTh MPOSBIATH TOTYXHI MPUBATHI MPOMUCIOBO-
enepreruyHi xonnunry, Ttaki sk JTEK. Ile noB’s3ane, y nepiry 4depry, 3 TakorO
0coOMMBICTIO TeBHUX TUmB MMP, gk MOXIMBICTE 11X T. 3B. «HE
eJIEKTPOCHEPT€TUYHOT0» BUKOPUCTAHHSI, TOOTO /ISl MapajiesibHOTO a00 BUKIIOYHOTO
BUPOOHMIITBA TETIIA.

Crparteris [lep>xaBHOI 1HCHEKLIi sAepHOro peryitoBaHHsS Ykpainu «JISP»
noJisirae B OYIKYBaHHI pe3yJbTaTiB peanizauii npoektis MMP Bix mpoBiaHHX
KOMITaH1-BUPOOHUKIB Ta HANpalbOBaHOT HOPMATHUBHOI 0a3u Bija KpaiH-JIJEpiB 3
BIPOBAIPKCHHS IT1€1 TIsITBHOCTI.

e MMP mMoKyTh OyTH KOPHCHI?

Buxopucranuss MMP 1NOBMHHO BHMXOAMTH 3 MPOTHO3HOI OLIHKK TOTPeO
VYkpainu y repioj] TOBOEHHOTO BIJTHOBJIEHHS Ta MOAAJIBIIOI COI1aIbHO-€KOHOMIYHO1
po30y10BY KpaiHnu. AHaJi3 HasBHOI iH(OpMaIlii mokasye, 10 MOYKHA BUJIIJTUTH TaKi
OCHOBHI CIOCOOM MOTEHLIHHOTO po3MilieHHsI MMP:

- Ha npomMaiinanuukax HuHI airounx AEC HAEK «Eneproatom»;

- moOm3y ab0 B MeXaxX MICT 1 MICHKUX arjloMepalrii;
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- Ha TIPOMMaMTaHUYMKaX KPYIMHUX MPOMUCIOBUX MIIMPUEMCTB — CIIOKHUBAYiB
3HAYHUX OOCATIB €JICKTPOCHEPTIi Ta/abo Teria;

- Ha IPUOEPEIKHUX 30HAX aKBATOPI MOPIB 1 BOJIOCXOBHIIL.

Heo0xiaH0 3a3Ha4nTH, 1110 BKa3aH1 MOTEHIIIHI HapsAMU BUKopucTanas MMP
MOXyTh HiBemtoBatu poib HAEK «Eneproatom» sik epKaBHOTO MOHOIOJICTA Y
chepi aTOMHOT eHeprorexnepaiiii, 1 3BU4aiiHO MOTPEOYIOTH BIAMOBIAHOT 3aKOHO1aBYOT
0a3u.

Huxue posrisinemo ciocobu Bukopuctanugs MMP neranpHite.

1) Hoyinouicmo poamiwenns MMP na npommatioanyuxax AEC.

HAEK «Eneproarom» HeogHOpa30BO O(]IliiTHO BUCIOBIIOBAB 3aI[iKaBICHICTh
y peaizariii mJIOTHOTO MPOEKTY 3 PO3MIIICHHS OJTHOTO YU KUIHKOX MOJYJIIB MauX
peaktopiB Ha npomMaiganuuky airounx AEC, 30kpema — IliBneHHOYKpaiHCBHKOI.
HAEK posrasgae MMP y nBox acnekrax: 1) ik KOMIIEHCaTOp WMOBIPHOTO (UM BXKe
ICHYI04YOro) naediuuTy eHeproreHepamii Ta 2) sSK 3aMiHy OyJIBHUUTBA HOBHX
€HEeproOJIOKIB 3aMICTh TUX, Kl OyIyTh BUBOJUTHCS 3 €KCIUIyaTallii y HeAaJIeKOMY
MaitOyTHhOMY. T00TO, y IbOMY BapianTi MMP manyeThCsi BAKOPHUCTOBYBATH SK I11€
OJIHY CKJIaJIOBY 1CHYIOUO1 aTOMHOI €HeproreHepartii.

3a nosimomieHHsmu ¢axiBuiB HAEK, BnpoBamxenns MMP exoHomigHO
OUIbIII BUMpPaBJIaHE MOPIBHIAHO 3 OYIIBHUIITBOM HOBHUX TPAJAMUIIINHUX €HEProOJIOKIB,
KpIM TOTO HE MOTpeOy€e 3HAUHUX MOYATKOBUX KaIliTaOBKIIAJEHB 1 3HAYHO MPOCTIIIE
B OprasizaiiiiHoMy IuIaHi.

IlepeBarn Takoro cmocoOy po3MimeHHss MMP  odeBuHI: TrOTOBI
MpOMMaIaHYMKK  Ta  1H(PACTPYKTypa; Jiroul MaricTpajibHl  JIiHii
enekrtopenepronoctayandss (JIEIT); HasgBHICTH KBaJi(DIKOBAHOTO IEPCOHAIY;
BIJICYTHICTh @00 HE3HAYHI PIBHI €KOJOTTYHUX OOMEKEHb.

Ha  wamy  nymky, BuOlp  MmaiigaHumka  IliBIeHHOYKpaiHCHKOIO
eneprokomiuiekcy (IIVEK) nns minotHoro npoexty 3 po3miiienass MMP e Bnanum
1 IIJKOM BHUIOPABIaHWM, Y T.4. 3aBISKH HAABHOCTI TiPOAKYMYIIOIOYHX
notyxHoctedt Tanumnbkoi ['AEC, ski 3a0e3medyloTh BHCOKY MaHEBPEHICTh
polLecy eHEProBUPOOHHUIITBA.

2) JloyinvHicme posmiwennss MMP 6 micmax ma nobausy KpYNHUX MICbKUX
aznomepayitl 0151 egheKmuHo20 3abe3nedenHss KOMYHAlIbHUX nompeo y eiekmpo- ma
MenI0eHep2onoCmMayanti y nepioo N0B0EHHO20 GiIOHOBIEHHS YKpaitu.

OparM 3 TEpIIOYEpProBUX 3aBJaHb Ha TOYATKy TMOBOEHHOTO BiJTHOBJICHHS
VYkpainu Oyne 3a0e3leueHHs HaJeXHOTO PIBHS KOMYHAJbHOTO 3a0e3leyeHHs
HACeJICHHsI 3pYWHOBaHUX Ta ypakeHux arpecopom wmict. MMP HeBenukoi
HNOTYXHOCTI  OylyTh CIOPOMOXKHI ONEpaTMBHO 3a0e3MeuyuTH MoTpedu B
€JIEKTPOCHEePrii Ta Teru. Y JaHuid 4ac HeoOXIJHO YCYHYTH ICHYIOYl IpaBOBI
MPOTaJIMHY, SIKI MOXKYTh 3arajibMyBaTH 1iei nmporiec. [Iporenypa moBruHHA BKIIOYATH
MiCIIEBE TPOMaJICbKEe OOTOBOPEHHSI TAHOTO MUTAHHSI.

3a0e3mnedeHHs] eIeKTPOCHEPTi€I0 Ta TeraoM 3a nonomororo MMP kpymamx
MICBKHX arjJioMepaliil — CKOpille BChOTO MUTaHHSI OUIBLI JOBTOCTPOKOBOT
MIEPCTIEKTHBH.
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OxpeMo CTOiTh TUTaHHS BITHOBJICHHS J[0HOACY, OCKIIBKH 1€ — HAI3BUYAITHO
cepiio3Ha KOMIUIEKCHa TmpobiieMa. Y 1[bOMY IUIAHI BUIJISAAE  JOIUIBHUM
Bukopuctanugs MMP s moctynoroi 3aminu ByriibHUX TEL]. Takum ynnom MMP
3MOXYThb JIOCTaTHhO €(EeKTHUBHO 3a0e3redyBaTH MOTpPeOM 1 HaceleHHs 1 cdepu
BUpoOHUIITBA. [IpoOnema yCKIaIHIOETbCS THUM, IO PI3HOCTPOKOBI MEPCIEKTUBU
BUPIIICHHS I,OTO Ta IHImMMX mnuTaHb JloHOacy Oe3nocepeHbO TOB’s3aHI 3
MOJIITUYHUM TPOIIECOM.

3) Hoyinouicmo posmiwenus MMP na npommatioanuyuxax icHyouux ma
BIOHOBMIOBANHUX KPYHHUX NPOMUCTOBUX OEPHCABHUX | NPUBAMHUX NIONPUEMCME O
eleKmpoeHep2emuyHol ma menio8ol 2eHepayii.

Hesixi kpynui xommanii, Taki sk JTEK (P. AxmeroB) um iHBecTuIliiiHa
komnaHis BGV Group Management (I'. ByTkeBuu), Orojlocuiau mpo CBOIO
3alliKaBJIEHICTh y BIpoBakeHHI MMP y BupoOHHY1 nponecu 3a0Bro 10 mo4aTKy
aKTUBHOI (pa3u BiiHU. OUeBUIHO, KPYITHUIA O13HEC JOOPE PO3YyMI€E MEpEBaru 1 BUTOIU
Il€1 TEXHOJIOTIi, sfiKa CIPOMOXKHA 3a0e3meunTH (PAKTUYHY EHEPTrOHE3aJICKHICTh
BEJIUKUX M1IPUEMCTB-CHEPTOCTIOKUBAYIB.

MMP MoxyTh OyTH €pEeKTHUBHI B Tally3siX, Kl MOTPEOYIOTh 3HAYHUX BUTPAT
CJIEKTPOCHEPT1] YK/Ta Teria: MeTamyprii, XIMIYH1# MPOMUCIIOBOCTI, a00, HAIPUKIAI,
Ha YCTAHOBKaX 3 ONPICHEHHSI MOPCHKOI BOJM.

VY nuranHi BukopuctanHsis MMP nnst o6cimyroByBaHHS TOTpeO MPOMUCIOBUX
HIJIPUEMCTB 1HIIaTUBA HAJEXKUTh JE€P>KaBHOMY YM MPUBATHOMY 1HBECTOpY. Poib
JepKaBd, TOBMHHA 3HAXOJUTHCh Yy IUIOMIMHI HOPMYBaHHS Ta MPaBOBOTO
peryJItOBaHHS.

4) Hoyinonicmo posmiwenus [IMMP (nnasywux MMII) 6 npubepesicHux
aKeamopiax Mopie ma 6000cxo8uny /[Hinpoecvko2o Kackaoy.

Opnieto 3 nepeBar MMP, € ix BUpOOHHIITBO Y 3aBOICBKUX YMOBAaX, BKJIIOYAIOUN
1 3aBaHTa)XECHHS MaJNBa, TyCKO-HAJIAroXKyBaJIbHI pOOOTH Ta 3allyCK peakTopa Ha
BUPOOHMUHMX TMOTYKHOCTSAX KOMMaHii-po3poOHuKa. [licis 3aBepiiieHHs MIaHOBOTO
TEPMiHy eKCIUTyaTallii Takuil peakTop Mo)Ke OyTH TOBEpPHYTMM Ha 3aBOJ, €
BUBOJIUTHCA 3 €KCIUTyartamii 1 3ynuHseTscs. [licas mpodiiakTuku peakTop Moxke
OyTH MOBTOPHO 3aBaHTAKEHUU MAJMBOM 1 TOBEPHYTUH BIIACHUKY JIJISl MMOJANIBIIOT
excrutyatartii. [To cyTi pyHKIIIT BmacHHKa peakTopa — eKCILTyaTytouoi opraHizamii —
3BOJIATHCS 10 JOTPUMAHHS TMpaBWi O€3MEKH Ta eKCIUTyaTallliHUX pPEerjaMeHTIB,
HaJaHUX BUPOOHUKOM.

Ane icHye nmpobOiiemMa TpaHCIOPTYBaHHS peakTtopa. Ha ganuii dac
3aMpONOHOBAHE JIMIIE OJIHE BUPIIICHHA L€l mpodiieMmu — po3MimieHHs MMP nHa
CYIIHI — T. 3B. «saepHuil kopadenby» (nuclear ship). Cynqno 3 MMP npuBoguthcst B
PYyX 10 MiCLIisl TPU3HAYEHHS eHEeprielo, Ky BupoOsie peaktop. MAI'ATE no3utuBHO
OLIIHIOE TaKUW BapiaHT WMOBIpHOT ekciryaraiii MMP [1]. Takuii peaktop HE MOXe
OyTH AEMOHTOBAHMIA 3 CyTHA IO HOTO 3yMTUHKH, TOMY MO>KJIMBUH JIUIIIE OJMH BapiaHT
HOT0 eKcIuTyaTarlii — B Mexax mpuOepeXHOi akBaTopii MOOIN3Y MICIS CTIOKUBAHHS
TeHepOBaHOI eHeprii.

Ha namy nymky, Takuil BapianT po3mimieHHs MMP Moxke posrisgaTucs sk
NPIOPUTETHUN Ha MEpIIOMY eTaml MOBOEHHOTO BIJHOBJICHHS KpaiHM OCKLUIbKU
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JI03BOJISIE€ IIBUIKO 1 HAAIMHO 3a0e3medyBaTH MOTPeOM B €Hepropecypcax MICT Ta
IIPOMHCIIOBOCTI B3J1I0BXK OeperiB HopHOTo 1 A30BCHKOT'0 MOPIB Ta Ha BOJOCXOBHIIIAX
JIHITPOBCHKOTO Kackajay, a TaKOX MOJABATUCA B €IMHY €HEPrOCUCTEMY JEpP>KaBH.
Jlanuii  HampsiM  TakoXX MOTpeOye  BIAMOBIAHOTO  HOPMATHUBHO-IIPABOBOTO
YPETYJIIOBAaHHS Ta YCYHEHHS 3aKOHOJIaBUUX MEPEIIKO/I.

ExoJioriuni acnexkru

O4eBUIHO, 110 TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHS BHOOpY  Micls
postauryBanHst MMP, fioro Tumy Ta moTy»HOCTI1, CITOCO0Y 1 TepMiHY BUKOPUCTaHHS,
YMOB €KCIUTyaTallii Ta BUBEICHHS 3 €KCIUTyaTallli TOIIO, MOBHUHHI PO3TIsIaTUCS 1
MIPOXOIUTH BC1 HEOOX1IHI EKCTIEPTH3H Ta NepeadaueHi 3aKOHOIaBCTBOM MPOIIeypU
B IHIWBITyaTbHOMY MOPSIKY (17151 KOKHOTO MOJYJIS 1 KOKHOTO OKPEMOT'0 PEaKTopa,
gk 1e pekomennye MAI'ATE).

[Tpu 11bOMY BaXKITMBO HArOJOCHUTH Ha KUTBKOX acMeKTax, BUKIIAJICHUX HIDKYE.

1) ExosoriuHi npoueAaypu MiArOTOBYOI CTajAill MOBUHHI TMPOBOJAMTHCS 3
ypaxyBaHHSM TOTO0, 1110 MOPiBHAHO 3 icHytounMu AEC, mpoextu MMP moxyTh MaTu
HOBl KOHCTPYKTHBHI OCOOJIMBOCTI Ta BIAMIHHOCTI Ha CTaaisiX 3aBOJICHKOTO
BUPOOHUIITBA 1 TECTyBaHHA, OYJIBHMIITBA, BBEJCHHS B EKCIUIyaTallilo, a TaKOX
JIOBrOCTPOKOBOI €KCIUTyaTallii Ta 00CIyTrOBYBaHHSI.

2) XoIHUX NPUHIMIOBUX 3MIH y TpoLecl po3risiay mpoekty st MMP
nopiBHsHO 3 mnpoektoM AEC Hemae. Alle eKOJIOTIYHI acleKTH, TMOB’SA3aHl 3
PO3IIMPEHHSIM MICIb MOTEHIIHHOTO po3TanryBanHs MMP (Bkirodaroun mig3eMHi,
MiABOAHI a00 MiiaBaroyi), MOXKYTb MaTW Ba)JIMBUU BIUIMB HAa MPOEKTYBAHHS iX
oesneku. Lli HOBI MOXIMBOCTI 3 BUOOpPY MicCllb AJI1 PO3MIIIECHHS TOBUHHI
nepeadavyaTu OLIHKY BPa3JIUBOCTI /10 TOJATKOBUX KOHKPETHUX 30BHINIHIX HEOE3IMEeK
1 SBUII] HABKOJIMIIIHLOTO cepenoBuina. [ns O6aratobmokoBux (MoaynbHuX) MMP
MOBUHHI BPaxOBYBaTUCS MOTEHI[IHHI HEOE3IEKH, 0 MPU3BOIATH O OJTHOYACHOTO
BIUIMBY Ha JIeKiJIbKa OJIOKIB/MOJTYJIIB HA MaiiIaHUHKY .

3) Ogaum 3 mwurtanb, Ha sikomy MAI'ATE aknentye yBary, € BuOip uu
BCTaHOBJIEHHS 30HU BIUTMBY MMP (3a tepminonorieto MAT'ATE: EPZ — emergency
planning zone — 30na naanyéamHs Haod3suuaunoi cumyayii). Y BUIAIKY
O6araromonynpHux MMP nponoHyeTbes MiaXiA, SKUH TPYHTYEThCS Ha aHai3l
aBapiiHux creHapiiB. O4eBUAHO, 10 JUPEKTUBHUNA MIAX1JT 10 BCTAHOBIICHHS 30H
BIUTUBY JIJIsl MaiJlaHYUKIB 3 Outble, HOXK omHuM MMP, He MOXyTh BBa)kaTucs
BUTIpaBIaHUMU. J[7s OOTpyHTyBaHHS MPHUIATHOCTI 3EMENbHUX JUISHOK IS
CTBOpEHHS NpoMmmaigaHdyukiB MMP moke OyTH BUKOPHUCTAaHO METOJ] OILIHKU
BCTAHOBJICHOI 30HU €()EKTUBHOTO BILTUBY. L[ 30HA BIUIMBY TIOBUHHA OI[IHIOBATHCH
3 TOYKH 30py HAasBHOCTI (DAKTOPIB MPUPOJHOTO Ta TEXHOTCHHOTO XapakTepy, sKi
MOTEHIIMHO MOXXYTh BIUTUBaTH HAa MMP — nocusoBatu uu nociadiroBaTi HACTI KU
IISUILHOCTI Ha TOBKULIA 1 HACEJIEHHS.

4) ITpoGiemu B yacTUHI 3a0€3MeUeHHs (PI3UYHOTO 3aXUCTY 3pOCTAIOTH 3 3B’ SI3KY
3 pO3MMpEHHAM BUOOpPY Miciepo3TamryBanHs. [lpu posmimennsi MMP  Ha
npoMMaiganunkax  icHyrounx ~ AEC  nmomatkoBi  mpoOjieMu — CTBOPIOE
06araToMOAyJIbHICTb.
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Ha nHam morssan mpormemypa €KoJIOTi9HOT OIIHKY PO3MIIIIEHHS Ta eKCIUTyaTartii
MMP noBuHHA BUXOJIUTH 3 BU3HAYEHHS 30HU BIUIMBY 00’ €KTY, SIKMM MMPOEKTYETHCS.
[HImMT BaKTMBUK acleKT — CTBOPEHHS €(EKTHBHOI CHUCTEMU MOHITOPUHTY Ta
KOHTPOJIIO K 00’ €KTOBOT, TaK 1 HE3aJIEKHOI.

3 TOYKHU 30py €KOJIOTTYHOTO YHOPMYBAHHS JISJIbHOCT1, HEOOX1IHO BCTAaHOBUTHU
yHi(pikoBaHI BHMOTH 110 30H BIUIMBY MMP, ski BpaxoByBaTUMYTb MPHUPOIHO-
KJIIMAaTU4YH1 OCOOJIMBOCTI pi3HUX (pi3uko-reorpadiunux 30H Ykpainu. Lli Bumoru
MOKYTh 0a3yBaTHCSl Ha TPaAULIKHOMY Ui HAC AUPEKTUBHOMY Miaxoni, abo K Ha
OLiHIII €()eKTUBHOTO BIUIUBY (OLIHIII PU3UKY), K 1I€ IPAKTUKYETbCA y PAII KpaiH.

BcranoBnenns 300U epekTuBHOTO BILMBY As11 MMP nepen6auae BU3HaUeHHS
NMEeBHUX OOMEXKEHb IS 1HINOI MiSTIBHOCTI HA IUX TEPUTOPIAX, HAIPHUKIAT
BIJICYTHICTh 30H BIANOYMHKY, Bpa3JIMBUX OO0 €KTIB COLIAIBHOI 1H(YPaCTpyKTypu
tomo. Ilpm wnpoMy ciing 3BEepHYTH yBary Ha TaKWW acleKT: eKOJOTIYHe
3aKOHOJJABCTBO MICTUTh BUMOTH IOJ0 HEOOXIJTHOCTI OLIHIOBAHHSA KyMYJIATHUBHHUX
BIUTMBIB HOBOI JISJIHOCTI; 30UIBIICHHS KYMYJSITUBHOTO BIUIUBY MOXE OyTH
MIJICTABOIO JUISl BIJXWJICHHS IPOEKTY HA CTajii OIIIHKM BIUIMBY Ha JOBKIJIS.
3a3HaueHe MOKEe CTBOPUTHU TPYAHOIII, HATTPUKIIA/, IM1]1 YacC MOTOHKEHHS 1HCTaSIIIT
MMP na npommarinanunkax mirounx AEC. 3aznauumo, mo my6mikamii MAT'ATE
HE MICTATh pEKOMEHAAIIN 11010 MOXKJIMBOCTI BcTaHOBICHHS: MMP Ha malimaHnunkax
AEC, xoua i1 He 3anepedyoTh Taky AisuibHICTh. Ha Hamy AyMKy, BkazaHa mpooiema
Mae OyTH TPEAMETOM OKpPEMHUX KOHCYJIbTalllil 3 ekcnepramMu AreHIIi Ta
BiZTIOBiZHUMH (haxXiBIIAMH 3a yYacTi OpPraHy eKOJIOTiYHOTO KOHTPOJo. MIMoBipHO,
HallKpalquM BUpIIIEHHSAM MOpoOieMu Moxe OyTu nporpama BBeneHHs MMP Ha
3aminy eHeprooiokam AEC, siki BUBOASTHCS 3 €KCIUTyaTallli.

Ha siki nMuTaHHS HEOOXiTHO OTPUMMATH BiANOBIAL 10 NPUIHATTS PillIeHHS
PO NEepPCHeKTUBM BNpoBa:keHuss MMP?

Huxye HaBeneHi mpoOJieMHI MUTaHHA, fKi, Ha Hally OyMKYy, MaiOThb OyTH
BUPIIIEH] JO TNPUUHATTS PIIMIEHHS TMPO TEPCIEKTUBU BOpoBakeHHS MMP B
VYkpaini:

1. l'apanTii 6e3neku Ta HaAiiHOCTI. OCKUIBKY Ha JaHHM Yac HE ICHY€E TPUBAJIO]
icTopii ekcrutyaTariiit MMP, mutanHs rapaHTyBaHHS 3asBJICHUX MTapaMeTPiB MOBUHHI
po3riIAIaTucs sk OOOB’SI3KOBI HE 3aJIS)KHO BiJ] €KCIEPTHOI OIIHKH TMPOCEKTY Ta
pe3ynbTaTiB Horo JiieH3yBaHHs. ['apaHTii, siKi TOBUHHI HAJaBaTUCS KOMIIaHIEIO-
BUPOOHMKOM YW KpaiHOl mnoxomkeHHs MMP, wMawoTe OyTH 3acTpaxoBaHi
MDKHApPOIHOIO CTPAXOBOI KOMITaHIEO Ta/ab0 MiAKPITIIEH] BiAMOBITHOKW YPSIOBOIO
yTOJI010.

2. IlutanHa BapTocTl Ta coOiBaprocTi. Ha pmaHMii MOMEHT IIHUTaHHS
cobiBapTocTi eHeprorenepaiiii Ha MMP He 1o kiHI 3’sicoBane. O4eBUIHO, € BCl
MIJCTAaBU BBaXKaTH, IO MO Mipl PO3MIMPEHHs Ta yHIi(ikaiii BUpOOHUIITBA IiHA 1
caMUX YCTaHOBOK 1 IX eKCIUTyaraiii 3HUKYyBAaTUMETbCS; BapTICTh NajvBa
3JTUIIAETHCS HE MPOTHO30BAHO0, BOHA MOXKE SIK 3POCTATH 31 30UTBIIICHHSM MOTIUTY,
TakK 1 3HUKYBATUCS Yepe3 pO3pOoOKY HOBHX POJOBUII T BAOCKOHAICHHS TEXHOJOT1H
BUI00YBaHHS (HAMPHUKIIA, TT136MHOTO BIJTyTOBYBaHHS).
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3. ®opma po3zpaxyHkiB. [IuTaHHsa momnsirae y ToMy, SIKi IPUHLUIN 3aKyHiBiIi
MaTUMYTh TPIOPUTET Ha eTami BrpoBampkeHHs MMP, xonu 1iHoBuit gaktop He
cTabu1130BaHu. Y TPUHIMIIT MOKJIMBI Pi3HI BapiaHTu npuadoanas MMP, yMmoBHoO:
Ha 3aBOJI1, «B IMOPTY», I KIFOY», a00 1X MPOMIKHI BapiaHTH. [HIIIMM BapiaHTOM €
3aKyIIBJISI HE YCTAaHOBOK, a C€Heprii NUIIXOM YKJIQJaHHS  BIJMOBIIHUX
nosroctpokoBux yroq (PPAs — power purchase agreements); npu 1iboMy KOMIIaHii-
BUPOOHUKY HAJA€ThCSI HEOOXigHA JAUISHKA(M) TICIAsS IPOXOJKEHHS  BCIX
nependavYeHnX HalllOHATBHUM 3aKOHOJAaBCTBOM JIIIEH31MHUX Hpo1eayp. MoxInBo,
OCTaHHI{ BapiaHT € ONTUMAJIbHUM Ha MEPIIOMY €Tari MOBOEHHOTO BiJHOBICHHS
KpaiHH.

4. 3akoHONaBYEe 3a0€3MEUYECHHSA. 3a HAIIOK OI[IHKOI0 HOBa [ISUTHHICTH 3
BrpoBapkeHHT MMP He mnoTpeOye CyTT€BHX 3MIH 3aKOHOJABCTBA, IPOTE
HOpMaTHBHA 0a3a MOBMHHA IPOWTH MEpPEBIPKY (TECTyBaHHS) I BU3HAYEHHS
WMOBIpHUX MPOTANIMH Ta ajganTauli A0 ocoonuBocteit MMP, Hanpuknaa, Takux sk
O6aratroMoayibHICTh. K yKe 3a3Hayanocs, JOILUIBHO BIPOBAAUTH YHI(IKOBaHI
BUMOTH /10 MaigaHunkiB MMP Ta iX 30H BIUTMBY, a TaK0X METOJIUK PO3pPaxyHKIB
napameTpiB 30H BIUTMBY (200 BukopuctoByBatu Metoguku MAI'ATE).

5. Bubip npioputeTHuX HanpsmiB BukopuctanHs MMP. [loBunni OyTtu
BHU3HAYCHI HAWOUIBbII BaXKJIMBI HaAmpsiMU 1 crnocobu BrpoBamkenHs MMP 3
ypaxyBaHHSM IPOTHO3YBaHHS ICHYIOUMX Ta MEpPCIEKTUBHUX MOTped KpaiHu, a
TaKOX MOKJIMBHX aJbTEPHATUBHUX BAPIAHTIB.

6. Exonoriyni acniekTd. [ToBuHHI OyTH po3po0JieHI METOIUYHI peKOMEHAAIl1
(Ha OCHOBI UYMHHHUX 3aKOHOJABCTBA Ta HOPMATHBIB 1 iX KOPUTYBaHHS) IIOAO
MIATOTOBKM  €KOJOTIYHO-€KCIEPTHOI JoKyMmeHTamii s MMP:  crpareriuHoi
exonoriyHoi omiHku (CEO), ominku BmuBy Ha aoBkuuig (OBJI), mpoekty
oprasizaiii caHiTapHO-3aXUCHOi 30HHM (mpoekT C33), a TakoX MPOEKTHOI
TOKyMeHTalli — po3auty «O1iHka BIUIMBY Ha HaBKoiuiHe cepenosuiie (OBHC)».
Kpim Toro, sik yxe 3a3Hauanocs, AOLIbHO BCTAHOBUTH BUMOTH JI0 MPOEKTYBAHHS
30HU €(DEeKTUBHOTO BILTUBY (MOXKJIUBO, B pamkax OBJI).

7. CraBaeHHsi rpoMazicbkocTi. CycIisibHa JyMKa MOKE IO PI3HOMY CIIpUAMAaTH
teMy MMP. BaxnuBo yHUKHYTH TOIIMPEHHS HEMPaBAMBOI Ta TEHJCHIIMHOI
iH(pOopMaIli OCKUIBKK TPOMAJICHKICTh YYTJIMBO CTaBUTHCA JO SIIEPHOT CHEPTeTHKU
micns  aBapii Ha YAEC. OcobmmBo HeOe3neyHi MOXKYTb OyTH Te3H TMpo
BUKOPHUCTAHHS YKpaiHW SK «IOJITOHY JJs BHUNPOOOBYBAaHHS HOBHX SIECPHHUX
YCTaHOBOK». B 111710My yKpaiHChbKa IpOMaJICHKICTh IIIJIKOM CIIPOMOYHA YCB1JIOMUTH
oueBuIHI niepeBaru MMP.

BapianTu crpareriyHux cueHapiis

3rigHo npoekty «llnmany BinmHOBieHHst Ykpainw» [3] HamionansHoi paau 3
BITHOBJICHHS YKpaiHW BiJl HACTIAKIB BIHU Yy TMpolleci BIJHOBJICHHS YKpaiHu
«eHepreTu4Ha Oe3leka BIJIrpae BaXJIUBY POJb Yy 3a0e3MeYeHHI €KOHOMIYHOTO
(GyHKIIOHYBaHHS 1 3pOCTaHHS JEpXaBU. ...Y TIPoIeci BIAHOBICHHS YKpaiHu
EHepreTKa Mae€ CTaTH OJIHIEI0 3 KIIOYOBHX Taly3eil, sika 3ale3nedyyBaTuMe
EKCIIOPTHI HAJXO/KEHHS 1 MIATpUMYBaTUMe (PIHAHCOBY CTIMKICTh JEpXKaBH...
['onmoBHa TeHAEHINS [Jis BIIHOBICHHS YKpaiHM B EHEPreTHIll — IIBHJIKA
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esleKTpu(iKallisi eKOHOMIKU 3aBJISKH €HEPTeTUYHOMY MEpPEeXOiy, a TaKOX 3HA4HE
M1JIBUIIICHHS €HeProe(eKTUBHOCTIY.

Bubip nuisgxiB s peanizariii 3asBJICHOI METH HAJICXKHUTh 0 KOMIIETEHI
OpraHiB JIEp’KaBHOI BJIaiK 32 000B’I3KOBOI YMOBH ypaxyBaHHS IPOMaIChKOI TyMKHU
13 y4acTIO EKCIEPTHOTrO cepenoBuia. Huxye My HaBOIMMO CLieHapii, K1, Ha Hally
JTYMKY, MOXJIMBI1 Y CEpeAHLOCTPOKOBIN IMEPCIICKTHBI.

1. HynboBa TonepaHTHICTD A0 siAepHoi eHepretuku. [locTymnoBe BuBeaeHHS 3
excrutyatailii enepro6siokiB AEC, BinMoBa Bin MOJOBXKEHHS iX eKCIUTyartarii Ta
OyZIBHUIITBA HOBUX €HEPTOOJIOKIB, Y MEPCIEKTUBI — BIIMOBA BiJ SAEPHOT CHEPTii.
[TpuckopeHnii pPO3BUTOK albTepHATHBHOI eHepreTuku. Ha maymky Oinbmiocti
(daxiBLIB, TakuWWd CIEHApPIA CYNPOBOKYBATUMETHCA POCTOM  COOIBapTOCTI
€JIEKTPOEHEprii,  KWMOBIpHUM ii  AepIUUTOM, MOXIJIMBO —  BTPATOIO
eHeproHesanexxHocTi. [Ilutanus MMP 3a ium cueHapieM He akTyallbHE.

2. [Ipo/1oBKEHHSI CYYacHOI €HEPreTUYHOI NOJITUKU. BapiaHT po3BUTKY 3riAHO
nitouoi «ExepreTuyHoi cTparerii Ykpainu Ha niepion 10 2035 poky». [logosxxeHHs
excrutyartaiii eHepro6sokiB AEC micis 3aBeplieHHS NPOEKTHUX TEPMIHIB.
[IponmoBxkenHss TemiaoBoi eHeproreHepamnii Ta ekcruryatamii ['EC. Po3Burtok
aIbTEPHATUBHOI €HEepreTHKU. Takuil BapiaHT MPHU3BEAE /10 MOCTYIIOBOI Aerpaaariii
EHEPreTUYHOI TalTy31 10 Mipi BUYEPIIaHHS TPATUIIHHUX EHEPrOpECypPCIB Ta CTAPIHHS
oOnaaHaHHs. HaliMeHII «EeKOJIOT1YHMID» BapiaHT, OOCSITH BUKHUAIB JIEKIAPYIOTHCA,
ajyie peaJibHO HEe CKOPOUyIOThbCA. MOKIMBE HapoCTaHHS eHeproaediuuTy. 3a mum
cueHapieMm BBeJeHHs B Jit0 MMP MoxiuBe B OKpeMUX BUMAAKaX.

3. Po3Butok Benukux AEC. TlomoexeHHst ekcrutyarailii eHeproosokis AEC;
OyIIBHUILITBO HOBUX PEAKTOPIB 3a 3aX1JHUMHU TEXHOIOT1IMUA, IMOBIPHO, HACTYITHOTO
(TpeTboro, Hajgaial — YETBEPTOro) MOKOJiHHA. CKOpPOYEHHs TeIIoTreHeparnii,
HMOBIPHO, MOCTYIOBa BIAMOBa BIJ HEI MO Mipl MOJOPOKYAHHS Ta CKOPOYEHHS
pecypcHoi  06azu. 3a muUM  creHapieM  edeKTHMBHO  3a0e3IeuyeThes
CHEprOHE3AJICKHICTh JIep)KaBH, OJHAK BUMAara€ 3HAYHUX KalliTalbHUX BUTpAT.
Boanouac, ckopitie Bchboro, 0yne HeoOX1THUN TOATBIITNN PO3BUTOK MaHEBPOBUX
noTykHocTer. Takuii cuieHapiii He cynepeduTsh po3BUTKY MMP, siki MoXyTh cTatu
e(EeKTHUBHOIO JOMOMDKHOIO JIAHKOIO €HeproreHeparlii, KpiM TOTO 3HAWIYTh CBOIO
BJIACHY HINIy Yy psijl raigy3ei (Teruio3aOe3neyeHHs, ONpICHEHHS MOPCHKOI BOJM,
BUPOOHUIITBO BOJHIO, XiMiYyHa ~ Ta  METalyprilHa  MOPOMUCIIOBICTH,
eHepro3ade3rneueHHs BiIIaJICHUX TEPUTOPIM TOIIIO).

4. IlpioputetHuii po3Butok MMP. 3amina enepro6siokiB Benukux AEC, sxi
BUBOJATHCS 3 €KCIUIyarTallii, BIPOBAKEHHS Yy MPOMHUCIOBOCTI, MOMJIUBO —
KOMYyHalbHINH cdepi. CKOpoyeHHS 1 MOCTyNoBa BIAMOBA BiJ] TEIUIOT€HEpaIlli.
[TapanenbHuii pO3BUTOK MaJOi Ta albTEPHATUBHOI EHEPTEeTUKH. 3abe3euye OIbIry
THYYKICTh Y BHUKOPHUCTaHHI KamiTaJlbHUX PECypCiB 1 OUTbLI IIBUAKY OKYIIHICTb,
MOPIBHSHO 3 TMOMEPEIHIM BapiaHTOM. [[eBHUM HENOIIKOM IIHOTO 1 MOMEPETHBOTO
CTpaTeriuHuX HaIpsMiB Oy/ie TEXHOJIOTIYHA 3aJIeKHICTh Y KpaiHH Bia KpaiH-JiAepiB
rajry3i IpuHaiMHI Ha TOYaTKOBOMY €TaIli.
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5. PO3BUTOK siiepHO-TaTMBHOTO HUKITY. CTpaTeriuyHi HampsMH, sIK OpP1€EHTOBAHI
Ha BukopuctanHs Benukux AEC, tak i MMP, HaOyBatoTh 011b1110i €(peKTUBHOCTI 1
OCMHCIICHOCTI y BUIAJKY iX MOEIHAHHS 3 po3BUTKOM BiTun3HsHoro AIILl, mo kpim
€HEepProBUPOOHMIITBA BKIIIOUYAE 30UIBIICHHS BUI00YBaHHS Ta MEePepoOKH CUPOBUHHU
AJIEPHOI €HEPreTHKH, a, 332 ONTUMICTHYHUM CIE€HApieM, BUPOOHUIITBO SIAEPHOIO
najguBa y maiioytHeomy. IIpu Tomy, 110 B)Ke pO3BijaHi 3amacu ypaHy B YKpaiHi
IIIJIKOM CITPOMO>KHI TTOKPUTH BJIACHI MOTPeOH MPUHANMMHI Ha CTOMITTS, a TOPI€BOI
CUPOBHHHM — Ha TUCSYONITTS, HA JaHUH dac BUA0OyBaeThcs He Oubme 20 % ypany
BiJl Cy4yacHHX NOTpeO, IKUN E€KCIOPTY€EThCS, OCKUIBKH sIEpHE MajJluBO YKpaiHa HE
BHUPOOJISIE.

Xoua HaBeJEHI HAMH CLIEHApii CTPATETriYHOrO PO3BUTKY €HEPreTUYHOI ramys3i
JIOCUTh YMOBHI 1 B IIIICHOCT1 MOXKYTbh OyTH peaji3oBaHi SKICh iX TPOMI’KHI BaplaHTH,
BYKJIMBO 3a3HAYUTH, 10, B YMOBaX MTOBOEHHOTO BiTHOBIICHHS, HAIIPSIM MOAAIBIIIOTO
PO3BUTKY KpaiHU 3HAYHOIO MIPOIO 3aJI€KATUME CaMe BIJl TOrO, IKMM LUISIXOM Tife
CHEepreTHKa.

IMincymkoBi Te3n

1. OgHMM 3 MEpPCHEKTUBHUX HAIMPSIMKIB IIOBOEHHOTO BIJHOBJIECHHS SAEPHOI
re’epailii Moxe OyTH BHUKOPUCTAaHHS MalMX MOIyJibHHX peakTopiB (MMP). La
HOBITHSI TEXHOJIOTIS, Ioyaja MPUBEPTATH Ha ceOe IMOCUIIEHY yBary B OCTAaHHE
JNECATUIIITTS 1 3apa3 CTPIMKO PO3BUBAETHCS. 3T1IHO 3 BU3HAUYCHHIM Mi>XXKHapOIHOTO
arertctBa 3 atToMHoi eHeprii (MAI'ATE), 1o Manux peakTopiB HaJIeKaThb PEaKTOPH,
SIK1 MalOTh MOTYkHICTh 10 300 MBT 1 cki1aiatoThes 3 MOAYJIIB, SIK1 TEpPe] MOCTABKOIO
Ta MOHTQ)KEM Ha MalJJaHYUKY CEPIITHO BUTOTOBIISIFOTHCS HA 3aBOJII BUPOOHHUKA.

2. OcHoBHOW mnepeBaroto MMP € HapmiiiHicTh Ta BHILI piBHI Oe3MeKd 3a
PaxyHOK HIMPOKOIO0 BUKOPUCTAHHSI MACUBHUX CHCTEM 3aXUCTy. 3aBOJACHKE CepiiiHe
BUPOOHULITBO 3a0e3neuye e(PeKTUBHE BIAMpPAIIOBAaHHS 1 YHI(IKAI[lI0O TEXHOJIOTIN
BUTOTOBJICHHS Ta Kpalluid KOHTPOJb SKOCTi. MeEHIIa MOTY>KHICTh Ta MPOCTIIla
KOHCTPYKIIisl, TOpIBHAHO 3 eHeproOomokamu AEC, a Takox craHmapTu3allis
NaJUBHUX €JIEMEHTIB 3HUKYIOTh aBapiiH1 PU3UKH.

3. Ha wvac migroroku miei ctarti MAI'ATE He BHOpMOBaHI BHMOTH 10
oesnekn MMP, mo rampmye peanizaimito IisUIBHOCTI 3 iX BIPOBADKEHHS. Y
HaIlllOHAJTBHUX 3aKOHOIaBCTBAX HE BCTAHOBJICHI YHI()iKOBaHI IIpaBUIa JIIICH3YBaHHS
yctaHoBok MMP; B mpaBoBoMy Mo YKpaiHM TakoX He icHye NOHSATTS MMP.
[TinroToBka Ta iMIIEeMEHTAIlIS BIATIOBITHOT HOPMATHUBHO-ITPABOBOI 0a3H 11010 YMOB
JUEH3YBaHHS TaKO1 AISUIBHOCTI € KIIF0OYOBOIO MPOOIEMOIO.

4. JIns BCTAHOBJICHHS €KOJIOTTYHMX OOMEXKEHb MISJIBHOCTI Ta €(eKTHUBHOIO
OLIIHIOBAHHS 11 BIUIMBIB Ha JOBKLUIS HEOOXiJHA po3poOKa HAYKOBO-METOJUYHUX
BUMOI' WIIOJI0 BHU3HA4YE€HHS 30H edeKkTuBHOro BIIMBY MMP 3 ypaxyBaHHsSM iX
KOHCTPYKIIii, MOTY>KHOCTI Ta Mpu3HaueHH. L{i METOIMKM MOBHUHHI 3aCTOCOBYBATHUCS
MiJ Yac TMPOXOKEHHS JO3BUIBHUX EKOJIOTIYHUX TMPOIEAyp 3TiJHO YHHHOTO
3aKOHO/IaBCTBA.
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Abstract: Successful post-war recovery and further development of the country
will require a stable and reliable energy supply. Nuclear generation will continue to
play a strategic role in the energy sector for a long time to come. The promising
direction of its development is the construction of small modular reactors of the third,
and in the future, of the fourth generation. Unlike "large" reactors, small modular
reactors are manufactured in series and can be operated in a multi-unit version.
Currently, small modular reactors manufactured by companies from the USA, such
as: NuScale Power, Holtec International and Westinghouse, are promising for
implementation in Ukraine. For their successful implementation, it is necessary to
resolve the issue of certain adjustments to the legislative and regulatory framework
in advance. In general, all these problems require complex scientific and expert
understanding due to the importance and novelty of the topic of small modular
reactors. In the article, an attempt is made to outline the current directions, on which,
in our opinion, it is necessary to focus attention when making strategic decisions
regarding the conditions, methods and directions of possible implementation of small
modular reactors in Ukraine.

®A30BUH CKJIAJ TOJIXPOMHOI KEPAMIKH JIABOITOAIBHUX
MNAJIMBOBMICHUX MATEPIAJIIB YOPHOBUJIbCHKOI AEC

l'abenkos C.B., Kueanwk 1.B., Kpacnos B.O.,
Kyonau B.I'., Ilapxomuyx I1.€., Casuenxo b.C., Quxonogeywv C.O.

[HCTUTYT poOem Oe3neku atoMHux enekTpocraniii HAH Ykpainu,
YopHoOuin, s.gabelkov@ispnpp.kiev.ua

dazoBuii ckiaax nodixpoMHoi kepamiku JIIIBM mocmimkeHo MeTromom
peHTreHiBChKOro (ha30BOT0 aHamizy uepe3 36 pokis micis aBapii Ha YAEC. Bnepiue
BCTAHOBJICHO HasBHICT, MarHieBoro muneity Mg(H20)3,5[(U02)2(S04)02],
okcuny kpemHito SiO2 (kpuctobaniTy), cumikaTy kanbliro-marHito CaMgSi206,
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CHITIKATy MarHiro MgSiO3, rigpocynbdary AIOMIHIIO
Al2.967H6K0.805Na0.132014.063S2 Tta rigpocynbdary 3amiza FeSO4+H20.
[TinTBepmkeHo HasBHICTH okcuay ypany UO2,34 ta meraneBoro 3amiza Fe.
BcranosineHo, 1o 3a yac 3HaxokeHHs B O0’€KT1 « YKPUTTS» Miciis aBapii Mpounimio
okuciieHHs okcuny ypany UO2 spepnoro nmanusa a0 UO2,34 . OcHOBHaA 4acTHHA
OKCHUJy ypaHy, sika 3Haxojuiachk y BkItoueHHsAX B JIIIBM, 3a yac nepeOyBaHHs B
O06’exTi «YKpUTTA», nepena B MarHi€Bui ITUTIIETT
Mg(H20)3,5[(U02)2(S04)02]. Oxcua kpemuiro SiO2 (kpucTOOamiT), CHIIKAT
kaubIriro Marairo CaMgSi206 ta cuiikat mardito MgSiO3 chopmyBanucs B miporieci
KpucTamzaii ckinogasu. el mporec posnodaBcst MaOyTh 1€ MPU OCTUTaHHI JIaB
miJ 4ac aBapii Ta MPOJOBXKUBCSI B yMmoBax 30epiraHHs B OO’€KkTi «YKPUTTI».
Marniesuit nunneitr Mg(H20)3,5[(U02)2(S04)02], rigpat cyinbdaTy aatoMiHiO
Al2.967TH6K0.805Na0.132014.063S2 Ta rigpat cynbdaty 3amiza FeSO4<H20,
OUYEBMJIHO, OyJIM OTpHMaH1 BXK€ Miciid aBapii, K pe3ysbrar B3aemonaii JIIIBM 3
BOJIOIO.

KurouoBi cjioBa: kpucrtaniyti ¢asu, JIaBonoAiOH1 MaJIMBOBMICHI MaTepialy,
MOJIIXPOMHA KepaMiKa, PpEHTreHIBChbKUM ¢a3oBuil aHami3, (a3oBuil CKiIaji,
YopuoOuib, Pykycima.

POLYCHROME CERAMICS PHASE COMPOSITION OF LAVA-LIKE FUEL-
CONTAINING MATERIALS OF CHORNOBYL NPP

Gabielkov S.V., Zhyganiuk 1.V., Krasnov V.O.,
Kudlay V.G., Parhomchuk P.E., Savchenko B.S., Chikolovets S.O.

Institute of Safety Problems of Nuclear Power Plants of NAS of Ukraine,
Chornobyl, s.gabelkov@ispnpp.kiev.ua

The phase composition of LFCM polychrome ceramics was investigated by X-
ray phase analysis from 36 years after the Chornobyl accident. For the first time the
presence of magnesium zippeite Mg(H20)3,5[(U0O2)2(S0O4)02], silicon oxide SiO2
(cristobalite), calcium magnesium silicate CaMgSi206, magnesium silicate
MgSiO3, aluminum  hydrosulfate Al2.967H6K0.805Na0.132014.063S2 and
hydrosulfate of iron FeSO4*H20 was established. The presence of urania UO2.34
and metallic iron Fe was confirmed. It was established that during the stay at the
"Shelter"” after the accident, the urania UO2 of the nuclear fuel oxidized to UO2.34.
The main part of the urania, which was in the inclusions in the LEFCM, during its stay
in the "Shelter"  facility, turned into magnesium zippeite
Mg(H20)3,5[(U02)2(S04)02]. Silicon oxide SiO2 (cristobalite), magnesium
calcium silicate CaMgSi206 and magnesium silicate MgSiO3 were formed during
the crystallization of the glass phase. This process probably began during the cooling
of the lava during the accident and continued under the conditions of storage in the
"Shelter". Magnesium zippeite Mg(H20)3,5[(UO2)2(S04)02], aluminum sulfate
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hydrate A12.967H6K0.805Na0.132014.063S2 and iron sulfate hydrate FeSO4*H20
were formed after the accident due to interaction with water.

Keywords: crystalline phases, lava-like fuel-containing materials, polychrome
ceramics, X-ray phase analysis, phase composition, Chornobyl, Fukushima.

MCNP MODEL OF CURRENT FORMATION IN THE BACKGROUND
WIRE OF THE SELF-POWERED NEUTRON DETECTOR

Goranchuk Vadym, Borysenko Volodymyr

Institute for Safety Problems of Nuclear Power Plants, NAS of Ukraine,
Kyiv, goranchuk@ispnpp.kiev.ua

The article presents the results of the MCNP simulation of the signal formation
process in the background wires of self-powered neutron detectors (SPND) under the
action of gamma radiation in the VVER-1000 core. Validation of the MCNP model
of the current formation in the background wire was performed on the basis of actual
measurements obtained at different VVER-1000 power units during the fuel
campaigns. The new gamma-ray method for determining the thermal power of the
VVER-1000 reactor (TPR) based on the signals from the background wires of the
SPND is proposed. TPR is an important safety parameter, therefore, increasing the
accuracy of TPR determination with the introduction of an additional gamma method
of its determination is an urgent task, taking into account the plans to increase the
thermal power of VVER-1000. The influence of the main factors affecting the change
in the coefficient of proportionality between the actual TPR and the TPR determined
by the gamma method was studied.

Keywords: reactor thermal power, weighted average thermal power, self-
powered neutron detector, background wire, MCNP model of SPND, safety systems.

Introduction

Reactor thermal power (TPR) values are determined by the in-core monitoring
system. These values are used as input parameters to implement algorithms of
various VVER-1000 systems, including safety systems:

e automatic power controller,
power reduction and limitation device;
preventive protection;
speeded preventive protection;
emergency protection.

In accordance with the VVER-1000 project, indirect methods of TPR
determination were implemented in the following ways [1-5]:

e by parameters of the 1st circuit;

e by parameters of the 2nd circuit — by steam parameters and feedwater flow
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rate in the steam generator (SG);

e by parameters of the 2nd circuit — by steam parameters and feedwater flow
rate in the high pressure heater (HPH);

e by signals of the neutron flux monitoring system (NFMS);

e by signals of self-powered neutron detectors (SPND).

Based on the TPR values, determined by different methods, the weighted
average thermal power (WATP) of the reactor is calculated.

Improving the accuracy of the WATP determination affects both the safety of
the nuclear reactor (generation of protection signals for safety systems) and the
technical and economic performance of the VVER-1000 power unit (efficiency, etc.).

Characteristics of WATP determination:

e Improving the accuracy of the TPR determination by separate method, as
well as the correct determination of weight coefficients for each method of RTP
determination allows to minimize the WATP determination error.

e Increasing the number of methods for TPR determination leads to a
decrease in the WATP determination error.

o  The error of WATP determination is not greater than the error of the most
accurate method of TPR determination.

Therefore, to improve the accuracy of the WATP determination, the additional
method of TPR determination by the signal of the background wire of SPND may be
recommended.

The signal of the background wire is proportional to the intensity of y-radiation
in the reactor core (which in turn is proportional to the TPR value), which allows to
use the background wire signal as an additional way for TPR determination.

MCNP model

The model of the current formation in the background wire was built in the
MCNP-4C code [6]. The ENDF/B-VI library of evaluated nuclear data was used in
MCNP calculations. The model includes one fuel assembly with 312 fuel rods, 18
guide channels and 1 central tube. Neutron measurement channel with 7 SPNDs
(including signal and background wires in the cable) is placed inside central tube
(Fig. 1, 2).

The MCNP model was validated on the basis of actual measurements of the
background wire current obtained at different VVER-1000 power units during the
fuel campaigns (Fig. 3). The calculated values of current were determined using the
+F8 MCNP tally card.

The validation results confirm the possibility of using the MCNP model to study
the dependence of the background wire current on fuel burnup and other important
operating parameters: coolant temperature, boric acid concentration in the coolant.

At the second stage, the current formation was studied under changes in the
parameters of the VVER-1000 core during the fuel campaign. The largest changes in
the y-radiation parameters of nuclear fuel are caused by changes in the isotopic
composition of nuclear fuel during its burnup.
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Fig. 1. Neutron measurement Fig. 2. Neutron measurement channel
channel at the level of 4-th SPND

The model was used to investigate the change in the current of the background
wire at the following burnup values: 0, 25, 50 MW-d/kgU. Such a range of nuclear
fuel burnup is typical for a four-year fuel campaign implemented at VVER-1000
NPPs in Ukraine. The isotopic composition was calculated by the ORIGEN-ARP
calculation sequence from the SCALE-6 computer code package [7]. The density of
the coolant was chosen equal to 0.72 g/cm’.

The simulation results show an increase in the current of background wire of
SPND by ~20 % over the period of the four-year fuel campaign. In terms of a one-
year fuel campaign, the increase in the background wire current will be up to ~4-5 %.
The effect of the concentration of boric acid in the heat carrier of the 1st circuit is
insignificant and practically does not affect the formation of the background wire
current, in contrast to the significant effect on the formation of the emitter current.

The experimental results show an increase in the background wire current up to
~2.5 % during one fuel campaign. Error of TPR determination is shown on Fig. 4.

The proportionality between the TPR and the current of the background wire of
the SPND changes during the fuel campaign, primarily due to changes in the
parameters of gamma radiation in the core when the isotopic composition of the fuel
changes due to the burnup of nuclear fuel and due to changes in the gamma radiation
power of fission fragments.
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The proportionality between the TPR and the current of neutron detectors —
SPND with rhodium emitter — also changes during the fuel campaign, the reasons are
more complex and significantly depend on the location of the SPND:

e changes in the neutron spectrum during the fuel campaign due to changes
in the isotopic composition of the fuel and changes in the concentration of boric acid
in the coolant of the 1st circuit;

e different fuel burnup rates in fuel assemblies adjacent to fuel assembly with
SPND;

e depletion of the emitter material of the SPND;

e change in the effect of gamma radiation on the current of the SPND.

Conclusions

The MCNP-model of the electrical current formation in the background wire of
the VVER-1000 SPND was validated, which confirms the correctness of the model
and the possibility of its use for studies of change in background wire current.

The method of TPR determination by the signal of the background wire can be
recommended as an additional method for the WATP determination.

The determination of TPR by the gamma method based on the signals of the
SPND background wire will allow to increase the accuracy and reliability of the
WATP determination, which affects both the technical and economic performance
of the power unit, and its safety performance.
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HOJAJBIIE NEPETBOPEHHSA OB’€EKTA «YKPUTTS»
HA EKOJIOI'TYHO BE3NEYHY CUCTEMY IIICJIAA BBEJEHHA B
EKCINIYATAIIIO HOBOI'O BE3IIEYHOI'O KOH®AUHMEHTA
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BukoHaHMIl KOMIUIEKCHUN aHall3 MOTEHLIWHUX CHEHapiiB MEepPETBOPEHHS
00’exkTa «YKpPUTTS» Ha €KOJOriYHO Oe3Me4Hy CHUCTEMYy TICIs BBEACHHS B
excrutyartarito HoBoro Oe3neunoro xoHpaWHMEHTa J03BOJIMB BHOpATH HAMOLIBIIT
peaNliCTUYHy CTpaTerilo 1100 IOETallHOIO BWJIYYEHHS YW TEPEBEACHHS Y
KOHTPOJIbOBAHUW CTaH MAJIMBOBMICHUX MaTepialliB, MOAAJIBIIOTO TMOBOJKEHHS 3
HUMU Ta CYIyTHIMU PaJl0aKTUBHUMH B1JIXOJIaMU, a TaKOX TpaHcopMmailii 00’ exTa
«YKpUTTS» B MpOLECi HOro NepeTBOPEHHs Ha E€KOJIOTIYHO OE3MeuHy CHCTEMY Ta
BU3HAUEHHS MOro KiHLIEBOTO CTaHy. Pe3ynbraTtu poOOTH MOXYTh OyTH BUKOPHUCTaHI
JUIsL akTyanizaiii ynHHO1 «CTparerii nepeTBopeHHsl 00'eKTa «YKPUTTSI», a TaKOX
Opy IUTAaHYBaHHI 1 TMPaKTU4YHIA peamizamii JiSUIbHOCTI IIOJO  BUJIYYEHHS
MaJMBOBMICHUX MaTepiaiiB 13 00'ekta «YKpUTTS» Ta TpaHcdopmailii 00'ekta
«YKPUTTS» B MPUITOBEPXHEBE CXOBUIIE Pa/II0OAKTUBHUX BIJXO/IIB.

He 3Bakaroun Ha 3aBepliieHHsS OyAIBHMIITBA Ta BBEACHHS B EKCILTyaTallilo
Hosoro 6e3neunoro kondaitnmenta (HBK), ckynmyeHHs: naimBoBMICHUX MaTepiajiB
(ITBM), mio yTBOPWUIUCH BHACIIJOK 3aMpPOEKTHOI aBapii Ha YETBEPTOMY
eHepro0JIOKy, 1 Hajalll 3aJMIIAIOTHCS TOJIOBHUM JIKEpesoM Hebesneku 00’€kTa
«YKpUTTS» B MHPHUN 4ac, a MiJ 4Yac BIHCHKOBOTO BTOPTHEHHS CTa€ OCOOJIMBO
HEOE3MEUYHUM.
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OCHOBHOIO METOI0 POOOTH € KOMIUIEKCHHUN aHaji3 MOTEHIIWHUX CIeHapiiB
nepeTBopeHHs 00'ekta « YKpUTTs» (OY) Ha eKoJIOri4HO Oe3MeuHy CHCTeMY MiCIs
BBEJICHHS B CKCILTyaTallifo HoBoro Oesneuynoro koHgarumenTta (HBK), Ha ocHoOBI
SKoro Oyae oOOrpyHTOBaHa pealiCTUYHa CTpaTeris IMOJ0  IOETaImHOro
BUJTyUEHHS/TIEPEBEICHHS Y KOHTPOIboBaHUH cTan [IBM, mogaibioro moBoKeHHs
3 HUMHU Ta CYMyTHIMHU paJl0aKTUBHUMH BiJXOJaMu, a Takox TpaHchopmariii OV B
polieci MePETBOPEHHSI Ta BU3HAYEHHS MOT0 KIHIIEBOTO CTaHY.

Y po0oTi BUKOHAHO aHaJi3 MOTEHLIWHUX CLIEHAPiiB MOETAHOrO0 BUIYUYCHHS
[1BM 13 npumitieas OY. OGrpyHTOBaHO HEOOX1IHICTh OOOB'S3KOBOTO BHITyUEHHS
HaltHeOe3neuHI X (s1epHo — Hebe3neuHux) ckymienb [IBM npoTsrom xutreBoro
nukiry HBK. Yactuna [1BM, mo € MeHIn Hebe3neYHuMHU, MOXKe OyTH BUITydeHA 5K
npotsrom >xxutreBoro nukiny HBK, Tak 1 micis oro 3HATTSA 3 €KcIulyaTalli, a TAKOX
HE BHKJIIOYAETHCS 3aXOPOHEHHS OKPEMHUX HEBEJIMKUX 1 BIJHOCHO O€3MEYHUX
ckyrmueHb [IBM nHa wmicui B pesynbpTaTi nepetBopeHHs OY Ha NpHUIIOBEpXHEBE
CXOBHIIE.

Po3pobieHo MeToauKy TMOPIBHSUIBHOTO aHali3y CIEHapiiB IOETAIHOTO
BuitydeHHs: [IBM Ha OCHOBI e€KCepTHUX OLIIHOK 3HA4Y€Hb MAaCUBY KpUTEPIiB, SKi
BiJI0OpaaroTh Pi3HI ACTIEKTH CTaHy 00'€KTa « YKPUTTSD 1 0COOIMBOCTI ISIBHOCTI 3
HOro mNepeTBOpPEHHS Ha €KOJIOTIYHO Oe3ledyHy cucreMy. BHKOpPHCTOBYIOThHCS
KpHUTEPii, 110 BPaXOBYIOTh O€31eK0B1, PiHAHCOBI Ta THOPACTPYKTYpHI cKiIaaoBi. Jliis
€KCIIEPTHOTO OLIIHIOBAHHS 3aIIPOIIOHOBaHa 9-TH OanbHa IIKaIa.

BcraHoBiieHo, 110 NpU HajaeKXHOMY (DIHAHCYBaHHI JISJIBHOCTI 3 MOETAIMHOIO
BunydeHHs [IBM mnpioputeTHuM € creHapiii, mo nepeadayae BHIYYEHHSI BCIX
ckymueHb [IBM (kpim IIBM, nokani3oBaHMX Yy TEXHOT€HHOMY IPYHTI TIiJ
cnopyaamu HBK) npotsrom sxutreBoro uukiny HBK. Ilpu peanizamii Takoro
CLEHApPI0 MaKCUMaJIbHO BUKOPUCTOBYEThCA 1HPpacTpykTypa HBK, 3MeHmyroTecs
BUTPATH HA CTBOPEHHS 3aXMCHUX Oap'epiB 1715 yTpuMaHHs Ta 1305s111i [IBM, a Takox
BUTPATU Ha CTBOPEHHSI JOAATKOBOI IHPPACTPYKTYPH J1JIs1 BUITyUEHHS Ta MOAJIBIIONO
noBopkeHHs 3 [IBM Ta iHmmmu pagioaktuBHUMH Bigxonaamu (PAB) micis 3HATTS 3
excrutyatarii HBK. Ilpore mpu neBHux oOctraBuHaX (37€01IBIIOTO 00YMOBICHHUX
(h1HAaHCOBOIO CKJIQJIOBOIO) CIIeHapii, sAKI mepeadadaroTh BIAKIAACHE BUIyYCHHS
okpemux ckymueHb [IBM, Takox MOXYTh pO3IIISIIATUACS K TIPIOPUTETHI.

3anponoHOBAHO MPUHITMIIOBI TEXHOJIOT1UHI pillIeHHs 110,10 BuimydeHHs [IBM i
cynyTHix PAB 3 BepxHiX, MIPOMIXXHUX Ta HUXKHIX BUCOTHUX BIAMITOK OV, a Takox
IIBM 1 cynytHix PAB, 1mo jokaiizoBaHi B 3aBajiax IMiJi KacKaJHOK CTIHOO, B
MaIIMHHOMY 3aJ1i, B MPOCTOPI 32 MOHEPHOIO CTIHOIO Ta B JIOKaJIbHIHM 30H1 OY. Jlns
okpemux ckymueHb [IBM TexHousoriuHi pimeHHs po3poOJieHl K 3 ypaxyBaHHIM
HasisHocti HBK Tta #oro cucrem, Tak 1 y Bumanaky, konu HBK Oyne 3usTHi 3
eKCIUTyarartii.

byniena OV, BkiIroYarouu KOHCTPYKIIiT aBapiiHOTO 4-r0 eHeprodJoka, mo mipi
BuinydeHHss [IBM 1 cynmyrtnix PAB Oyne 3a3naBatu mneBHOI TpaHchopmallii,
KIHIIEBOIO METOIO SIKOI Ma€ CTaTH CTBOPEHHS MPHUIOBEPXHEBOI'O CXOBHINA Ha 0asi
ICHYIOUMX KOHCTPYKLIA Ha HIDKHIX BIIMITKAaX, M0 NPAaKTUYHO HE 3a3HAIU
pPyHHYBaHb.
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BusznadueHo kpurepii kiHmneBoro crany OV sk MpUIOBEPXHEBOTO CXOBHUIIA HA
OCHOBI «3arajJibHUX MOJIOKEHb OC3MEKH MPU 3aXOPOHEHH1 Pal0aKTUBHUX B1AXOIIBY,
3arBep/keHux Hakazom JIAPY 13.08.2018 poxy Ne331 1 3apeectpoBaHUX
MinictepctBoM toctuliii Yipainu 05.09.2018 poxy Ne 1008/32460.

THE SHELTER OBJECT FURTHER TRANSFORMATION
TO THE ECOLOGICALLY SAFE SYSTEM
AFTER THE NEW SAFETY CONFINEMENT COMMISSION

A potential scenarios comprehensive analysis of the Shelter object
transformation into an environmentally safe system after the New Safety
Confinement (NSC) commissioning, on the basis of which a fuel-containing materials
(FCM) phased withdrawal/transfer realistic strategy to a controlled state and of the
Shelter object final state determination. For this purpose, FCM phased removal
scenarios were developed and a method of comparative analysis of FCM phased
removal scenarios was proposed. As a result of the carried-out work, was
established, that with the proper activities financing of the FCM phased removal, the
priority is the scenario, that provides the removal of FCM known accumulations
(except for FCM localized in man-made soil under the NSC facilities) during the
NSC life cycle. The results of the work can be used to update the current Shelter
object transformation strategy, as well as in the planning and practical
implementation of activities related to the FCM removal from the Shelter object and
the Shelter object transformation into a near-surface radioactive waste storage

facility.

MOJIUPIKOBAHUM MOJIAPU3AIIAHUN MOTEHIIAJ 1JI51
MOJIEJTFIOBAHHSI B3AEMO/IIi MI’K IOHAMM B YPAHLJII UO3*

JKueanwk I.B., ['abenkos C.B

[HCTUTYT poOem 6e3neku atoMuux enekTpoctaniii HAH Ykpainu, YopHoOuss,
1.zhyganiuk@jispnpp.kiev.ua

BusnaueHHs1 BIaCTUBOCTEH 1 CTaHy BKJIFOYEHHb OKCHAY YPaHY B CKJIOMATPHIIL
JaBOMOMIOHMX TMaTUBOBMICHHX MaTtepianiB 4-ro 0Omoky YopuHoOwminbcebkoi AEC
3aJIeKUTH BiJl pO3yMIHHSI MIXKIOHHOT B3a€MOJIIi B X BKJItOUEHHX. /{151 moOymoBu
BIJIMOBITHUX OOYMCITIOBAILHUX MOJIENICH OKCHAY ypaHy 13 ICHYIOUHMX Ha ChOTOJIHI
MDKIOHHUX TTOTEHITIaJIiB B3a€MO 111 MOIU(DIKOBAHO MOISPHU3AIIAHAN TOTEHITIA.

3anmpornoHoBaHO ~ MOAMGDIKOBAHUNM  MOJAPU3ALIMHUN  TOTEHIIAT IS
MOJICIIFOBAHHS B3acMOJii Mixk aBoma okcureHamu 0%~ i iomom ypamy USt B
i3onmpoBaHOMYy ~ Kommiekci  ypamima UO3t.  Crpyktypa MomudixoBaHOro
NOJIIPU3ALIHHOTO TOTEHIaly MOAIOHA 10 CTPYKTYpU MApHUX €JIEKTPOCTATUYHHUX
MoTeHIiamB, moTeHmiamB bakunrema, mnoteHmiany [leBima 1 CrimiHmpKepa.
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BusHnaueHi uducenbHI 3HAYEHHS MapaMeTpiB MOAM(DIKOBAHOTO MOJSPU3ALIIHOTO
MOTEHITIAITY.

B pamkax moaudikoBaHOTO MOJSPHU3AMINHOTO TMOTEHIIATY BiATBOPIOIOTHCS
BEJIMYMHU BiJICTaHEH MIXK IIEHTpaMU Mac 10HIB OKCUTEHIB Ta 10HA ypaHa B ypaHLIl
UO3". 3uauenHs eHeprii B3aeMojii Mix iOHaMH B ypaHiTi po3paxoBaHi 3
BUKOPHUCTAaHHSAM MOJM(PIKOBAHOTO MOJSAPU3AIIHHOTO MOTEHINATy y3roKYIOThCS 31
3HaYEHHSIMU CHEPTiil OTPUMaHUX B PE3yJIbTaTi KBAHTOBO-XIMIYHUX PO3PaXyHKIB.

Kurouosi cjioBa: nonspuzaniiHuil moTeHIlaNl, ypaHii-10H, moteHuian Jesiga 1
Crimiamxepa, moteHian bakuarema, Yopaoouis, dykycima.

MODIFIED POLARIZATIONAL POTENTIAL FOR MODELING THE
INTERACTION BETWEEN IONS IN THE URANYL U03*

Zhyganiuk 1.V., Gabielkov S.V.

Institute for Safety Problems of Nuclear Power Plants, NASU, Chornobyl,
i.zhyganiuk@ispnpp.kiev.ua

Determining the properties and state of uranium oxide inclusions in the glass
matrix of lava-like fuel-containing materials at the 4th Unit of the Chornobyl NPP
depends on understanding the interionic interaction in these inclusions. The
polarization potential was modified to build appropriate computational models of
uranium oxide.

A modified polarization potential is proposed for modeling the interaction
between two oxygens 0?~ and the uranium ion U®* in the isolated uranyl complex
U032 . The structure of the modified polarization potential is similar to the structure
of pair electrostatic potentials, Buckingham potentials, Stillinger-David potential.
The numerical values of the parameters of the modified polarization potential were
determined.

The distances between the centers of mass of the oxygen ions and the uranium
ion in uranyl UO2" are reproduced in the framework of the modified polarization
potential.

The values of the energy of interaction between ions in uranyl calculated using
the modified polarization potential agree with the values of the energies obtained as
the result of quantum chemical calculations.

Keywords: polarization potential, uranyl ion, Stillinger-David potential,
Buckingham potential, Chornobyl, Fukushima.

42



OCAUKEHUIA HA CUJIIKATEJ ®OCPHAT LIUPKOHIIO
TUISI AACOPBIII IOHIB PAJIOHYKJILAIB IIE3IIO TA CTPOHIIIO

Kypaenvos 1.3.*, Tepsi A.K. **, Bpeii B.B.*

*[acTutyT copOiii Ta mpobaem enpoekosorii HAH Ykpainu, Byn. ['enepana
Haywmoga, 13, m. KuiB, Ykpaina, 03164, ispe@ispe.kiev.ua
**JICII “Yoprobunscrka AEC”, a/c 11, m. CmaBytnu KuiBchkoi obmacti, YkpaiHa,
07100, office@chnpp.gov.ua

JInst ouMIeHHs] pagiOaKTUBHUX BOJ BiJl PaalOHYKIIIB I€3110, CTPOHIIifO, d-
METaJliB, JIAHTaHiAIB 1 ypaHy OyB po3poOJjieHHii CcOpOEHT Ha OCHOBI MarHii-
3amiiieHoi  gopmu  (Qocdary UUPKOHIIO, MO0 OCa[KeHa Ha CcPEepudHO
rpaHyJiboBaHOMY cujiikareni (@ 2+4 mm). Bmict dpocdarty uupkonito ckianas ~ 30%
BiJl 3arajpHOi Bark KOMmo3uTy. CUHTE3 LbOr0 COpPOEHTY MPOBOAMBCS HUISIXOM
MOCJIIJIOBHOTO MPOCOYYBAHHS T'PaHyIOBAHOTO CUJIIKATEI0 CIIOJyKaMH IIUPKOHIIO,
dbocdopy 1 Maruiro 3 TpoMiKHUMH TepMooOpoOkamu. [licis HaneceHHst pocdary
[UPKOHII0 HA CHUJIIKAareib, MepeBOAy B MarHieBy ¢GopMy 1 BUCYIIYBaHHS TpaHyJu
CHJIIKAreJito MaixKe He PO3TPICKYIOThCS.

[Tontepenne nabopaTtopHe JOCHIDKCHHS MarHi€BOi, KaJbIli€BOi, OapieBoi 1
3MilIaHoi Mar”ii-6apieBoi moximHux (opm 3amimieHoro ¢ocdary MUPKOHIIO HA
CUJIIKaresi BUSIBUJIO B IIJIOMY HailKpally cOpOLiiHYy 3AaTHICTh MAarHi€Boi (popMu.
[Ipu BuBUYEHHI COpPOIIii 10HIB 1I€3110 3 MOJIECJIBHUX PO3YUHIB 3 HU3BKUM COJIHOBUM
dboHOM mnpu BHUXIJHIA KOHILEHTpauli copOary OJuM3bKO IMI/n 3HaIEHO, IO
Halikpanly copOIiiiiHy 37aTHICTH Mae MarHieBa (opma (koedillieHT po3MmoaiTy
Kd=1600), a xanbuieBa popma Kd=663. IIpu BuB4eHH1 COpOIIii CTPOHIIIIO B TUX K€
yMoBax st mar"ieBoi ¢opmu 3HaiineHo Kd=6000, a mns kanbiieBoi ¢Gopmu
Kd=2455. bapieBa 1 3mimrana mar"ieBo-OapieBa (GopMuU Majlyd 3HAYHO MEHII
copOIiifHI 3MaTHOCTI MO 000M JOCHiDKeHHMM KaTioHaM. IlornuHaHHS 10HIB
Paaioi30TOoIIB BiJIOYBAETHCS IIJISXOM 10HHOTO OOMIHY Ha 10H MarHit0 3 COpOEHTY.
Ocamxkenns hochary NUPKOHIIO HA MOBEPXHI MOPYBATOrO CHIIIKATENIO TMOJIETIIYE
JOCTYIl PO3YWHY, 1, AK HACHIJOK, MPHUIIBUIIIYE KlHeTI/II(y MOTJIMHAHHSA 10HIB
pamioizoromiB. Takoxk Oyna BHUBUEHA cOpOIiiiHA 3aTHICTH JI0 10HIB CTPOHIIIO
TepMiyHO 00po0bieHoi mpu aBox temrepatypax (1600C 1 2400C) marnieBoi hopmu
IIbOI0 KOMITO3UTY. 3HalAeHO, 1m0 TepMmidHO 00pobieHi 3pa3ku (1600C 1 2400C)
MICJIsA CeMU 110 KOHTAKTy 3 PO3UMHOM COJII CTPOHIIIIO Pi3KO MiJBUILYIOTH COPOIIito,
y TOW yYac $SK KOHTPOJBbHUHU 3pa3ok 0e3 TepMooOpoOku (200C, kiMHaTHE
BUCYUIYBaHHS) MICIS C€MHU 10 KOHTAaKTy HACHUYYETHCS 1 MOJaibllla BUTPUMKA B
pPO3UMHI COJI CTPOHIIIIO HE NPHU3BOAUTH 10 30UIBIICHHS TOTJWHAHHS 10HIB
ctpoHuito. Hanecenuit ocdar-unpkoHieBuid 10HOOOMIHHMK MPaKTUYHO 30epirae
nopyBaTy CTpyKTypy cuiikaremo: Vs= 0.53 cm3/r, S=230 m2/r [1,2].

JIBa kijmorpamMu JOCHIAHOI MapTii MarHi€eBoi (pOPMHU TaKOr0 KOMIO3HUTHOTO
copbenTty Oyno nepenano JICII “YoproOunscrka AEC” mist copOrii pamioHyKIiaiB
3 pagioakTuBHO-3a0pyaHeHnx Boj YopHoOunbscrkoi AEC. llIBuakicts ¢inmpTpartii
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BUX1HOTO 3a0pyIHEHOTO Pa/llOHYKJIIJaMU PO3UMHY Kpi3b IIap COPOEHTY CTaHOBUIIA
6 KOJIOHKOBHUX 00’MIB 3a TOJIMHY, 00’ €M KOJIOHKH CTaHOBMB 2 JiTpu. BuxigHa Boja
OKpIM 10HIB PaJIOHYKJIIB MICTHJIA COJII JKOPCTKOCTI 1 3HauHy KuibKicTh NaCl
@®OoHOBI KaTIOHM BUX1JIHOI BOJIM TaKOX 37IaTHI JO 10HHOTO OOMIHY 1 YHHUJIU TIEBHY
KOHKYPEHIIiI0 TIpU MOTJIMHAHHI 10HIB pajiioHykIiaiB. [IpoTe, 3a paXyHOK 31aTHOCTI
docdaT-aHIOHIB 10 YTBOPEHHS KOOPAUHAIMHUX KOMIUIEKCHUX CIONYK, el
10HOOOMIHHUK YCIIIIHO TIOTJIMHAE TaKOX 1 10HM paJiOHYKIiiB d-MeTaliB,
JMaHTaHIAIB 1 ypany. [Ipu ouumieHHi BHXiZHOT BOAM BMICT OeTa-BUIIPOMIiHIOBaYa
137Cs 3um3uBcs 3 248000 bx/kr mo 197 bx/kr, To6TO0 B 1441 pasu, BMicT OeTa-
BunpomiHtoBada 90Sr 3HM3HUBCS 3 9660 br/kr g0 1120 bx/kr, ToOTO B 8.6 pasw,
3araJbHUN BMICT anb(a-BunpominioBadiB 3HU3uBCA 3 1380 br/kr 10 24 Br/kT, TO6TO
B 57 pasiB. Lleit copOuiiinuii Matepian y moApiOHEHOMY BUTJISII TAKOXK MOXKE OyTH
3aCTOCOBAaHUN JJI1 KOHLUEHTPYBAHHS PIJKUX PAJIOHYKIIAIB 3 MOBEPXHI IPYHTIB,
00J1aTHaHHA 1 B IHIIIUX HEIITATHUX CUTYaIl1sX.

1. Cnoci6 onepskaHHs COpPOEHTIB ISl BWJIYYEHHS 10HIB BaXXKMX METAJB 1
PamIOHYKJIIIIB HAa OCHOBI OCa/DKEHMX Ha CHJIIKareil MeTair3aMilleHuX ¢Gopm
docdatiB nupkonito. XKypasiasoB 1.3., IllanomuikoBa T.A., bpeit B.B. Ilartent
VYkpainu Ha kopucHy Mozenb Ne 140737, Jlara nonanns 3as8ku 18.07.2019.

2. Zhuravlev 1.Z., Kovtun M.F., Botsman A.V. Zirconium phosphates deposited
on the granulated silica gel as adsorbents for the extraction of cesium, strontium
radioisotope 1ions. //Separation Science and Technology, (2021) p.1-12
https://doi.org/10.1080/01496395.2021.1934024

ZIRCONIUM PHOSPHATE , SUPPORTED ON SILICA GEL, FOR THE
ADSORPTION OF CAESIUM AND STRONTIUM RADIONUCLIDE IONS

The supported on silica gel zirconium phosphates in magnesium, calcium,
barium, and magnesium-barium forms, were synthesized and studied. It was found
that the magnesium form of such a composite adsorbs cesium and strontium ions
better than the others. An experimental batch (2 kg) of this ion exchanger in
magnesium form has been produced and transferred for sorption of radionuclides
from the drain waters of Chernobyl nuclear power plant in dynamics in a two-liter
column. At a flow rate of contaminated water through the column of 6 column
volumes per hour, the concentration of 137Cs beta emitter decreased from 248000
Bqg/kg to 197 Bq/kg, i.e. 1441 times, the concentration of 90Sr beta emitter decreased
from 9660 Bq/kg to 1120 Bq/kg, i.e. 8.6 times, total alpha-emitters decreased from
1380 Bq/kg to 24 Bq/kg, i.e. 57 times. Preliminary heat treatment of studied sorbent
at 160-240°C leads to a sharp increase in the absorption of strontium ions during
prolonged contact of the adsorbent with the sorbate solution.
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MOBILE APPLICATION DEVELOPMENT ON ANDROID PLATFORM
FOR SERVER VIDEO OBSERVATION ZONEMINDER

Zlobin S.V.

SSU “Professional College of Transport and Computer Technologies” of Chernihiv
Polytechnic National University
Zakhysnykiv Ukrayiny str., 25, Chernihiv, 14030, Ukraine

The problem of access to video surveillance cameras on Android devices.
Nowadays it is a topical and common problem because of fast increase of number of
mobile devices. The most optimal option 1s the development of mobile application.
This way has a lot of advantages - friendliness, performance, portability.

Keywords: zoneminder, video monitoring, android, mobile app, software,
MIJPEG, object-oriented programming.

In the past few years, mobile devices such as smartphones and tablets have
become widespread. As you know, these devices are running a full-fledged operating
system. The leader among mobile operating systems is the Android system from
Google. Android occupies about 70% of the mobile OS market [1]. The number of
devices running Android in 2021 exceeded 3 billion [2].

There are already ready-made video surveillance solutions for this platform, but
they are either paid or use a different transmission protocol. ZoneMinder is used as
a video surveillance server, which allows you to view images from cameras, as well
as record events and view them. The disadvantage of ZoneMinder is the lack of audio
transmission. ZoneMinder uses the MJPEG transmission protocol, a frame-by-frame
video compression method, the main feature of which is the compression of each
individual frame of the video stream using the JPEG image compression algorithm
[3]. There is also RTSP (Real Time Streaming Protocol), but this protocol is too
heavy for mobile devices. In addition, it does not have the ability to lower the image
quality in order to view camera images on a mobile device with a low Internet
connection speed (for example, via EDGE). But on the other hand, this protocol
allows obtaining a higher image quality [4].

There are many IDEs for developing Android applications, but it was decided
to use Android Studio. You can debug both on a real device and on emulators. To
receive and display images with high fps, a custom MjpegView element from GitHub
is used [5]. And to view the cameras in the menu in the form of a list, a simple
algorithm for downloading a picture from the server every few seconds is used. This
achieves low traffic consumption and the ability to look at cameras almost in real
time. The list of cameras is stored in a SQLite database, and all application settings
are stored in SharedPreferences.

The application provides different camera view modes: 1) View in the form of
a list - the main mode, opens when the application starts. Contains a list of all added
cameras. Each camera has a CheckBox that allows you to mark cameras for viewing
in multi-camera mode or for deletion. Also, each element of the list displays the
image from the camera in low resolution, its name and description. Image quality
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and refresh interval are set in the settings. This screen of the application allows you
to manipulate cameras - add, delete and run them. In order to open the view of one
camera, you just need to click on it. To open several, you need to tick them and click
on the Play button. 2) Single camera view. This mode is used to view the image in
maximum quality and the highest level of FPS. There are two screen orientations for
this mode - portrait and landscape. In portrait orientation, the camera, its name,
description, and settings panels are displayed. In landscape orientation, only the
image from the camera and its name are displayed over the image. For both portrait
and landscape modes, there is a side menu that contains all the basic camera settings.

As testing has shown, this mode allows you to watch an image with a resolution
of 640 * 480 with virtually no loss, and the number of frames per second reaches 20-
25. 3) Cycle view. Starts auto-switching of cameras by timer. The timer is set in the
range from 1 to 60 seconds. Runs from single camera view mode. 4) View multiple
cameras at the same time. This mode provides simultaneous viewing of several
cameras at the same time (from 1 to 15). The camera grid is automatically detected
and adjusted to the screen orientation. Since there are too many cameras in this mode,
it is necessary to reduce the quality - it is determined automatically depending on the
number of cameras. Each mode allows you to save the current image from the camera
to your mobile device. The save folder is specified in the settings.

System requirements for the device:

- Android 4.0+;

- access to the Internet.

The application needs a connection speed of more than 2 Mbps for stable
operation, but it is also possible to use very low quality with a connection speed of
150 Kbps. Since smartphones and tablets have become very popular, it was a logical
decision to allow users of the video surveillance system to access not only from PCs
or laptops, but also from mobile devices through this application.
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OPERATIONAL EXPERIENCE OF WESTINGHOUSE FUEL
(WFA/RWFA) AT UKRAINITIAN NPPS

Zuyok V.A.!, Rud R.O.!, Tretyakov M.V.!, Kushtym Ya.O.', Hrudnytskyy V.V,
Solovyov Yu.V.?

L«Nuclear Fuel Cycle» Science and Technology Establishment of National Science
Center «Kharkiv Institute of Physics and Technology», Kharkiv, Ukraine
2SS Atomremontservis of SE «(NNEGC «Energoatom», Slavutych, Ukraine

To diversify nuclear fuel supplies to Ukrainian NPPs with VVER-1000 reactors,
Westinghouse proposed, developed and manufactured six pilot Lead Test Assemblies
(LTAs), which were loaded into the core of the South-Ukraine NPP Unit 3 in 2005. The
trial operation of the mixed core lasted for four fuel campaigns. In 2010, after the
successful completion of trial operation, pilot operation of 42 WFAs was started in the
core of the same unit.

In 2013, to ensure higher compatibility with fuel assemblies manufactured by
TVEL JSC, a more robust design of fuel assemblies manufactured by Westinghouse
company called RWFA was announced. In 2015, the first reloading batch of these fuel
assemblies was loaded into the core of the South-Ukraine UNPP Unit 3. Starting in
2019, the transition to commercial operation of the RWFAs took place. Westinghouse
enterprises produce only a modified design of RWFAs for the needs of Ukrainian NPPs.

Currently, Westinghouse nuclear fuel is operated in 7 out of 13 VVER-1000 power
units in Ukraine. At the same time, six power units are already fully operating on this
manufacturer's fuel, and in 2021, Rivne NPP Unit 3 started operating this fuel.

The main differences between RWFAs and fuel WFAs that were modified during
the modification are the spacer grids (the shape and thickness of the outer strap were
changed, 8 additional spacer grids were added, and the material of the middle SGs was
replaced with Alloy 718); the top nozzle (chamfers were made on the sharp edges and
guiding side plates or deflectors were added); and the bottom nozzle (pyramidal tapers
were added on all 6 faces, and chamfers were made on the edges). These changes
increase the robustness of the RWFAs and eliminate interaction with other fuel
assemblies during vertical movement, thus facilitating transportation and technological
operations with nuclear fuel.

The supply of nuclear fuel by Westinghouse company was carried out under
constant supervision and monitoring of its condition during operation and after its
completion. From the very beginning of the WFA implementation, experts of the SE
“NNEGC “Energoatom” and Westinghouse company with scientific support of NFC
STE NSC KIPT carried out annual commission inspections of the fuel assemblies.

It is also important to obtain up-to-date information on the technical condition of
WFAs/RWFAs to confirm that values of the parameters set during fuel design are not
exceeded and to substantiate the safety of fuel loading, as well as to repair leaking fuel.
For this purpose, the Westinghouse company designed and manufactured special
equipment — the Fuel Inspection and Repair Equipment (FIRE), which started operating
at Ukrainian NPPs in 2014.
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The measurement results obtained by means of the FIRE confirmed that the
parameters characterizing the technical condition of Westinghouse fuel assemblies do
not exceed the limits set during the fuel design and substantiation of the fuel loading
safety. All fuel assemblies inspected after 1-3 years of operation were used in
subsequent fuel loadings. The parameters of the technical condition of WFAs/RWFAs
after four fuel cycles indicate that the nuclear fuel has not exhausted its resource and has
a sufficient margin of controlled parameters to achieve higher burnups.

In 2018, for the first time in the nuclear power industry of Ukraine, the irradiated
fuel assembly was repaired at Unit 3 of the South-Ukraine NPP directly in the spent fuel
pool. Westinghouse experts together with ARS specialists discovered a leaking fuel rod
in the RWFA. As a result, the RWFA was repaired and returned to operation after the
first year of operation (high economic feasibility of repair).

In total, 86 fuel assemblies manufactured by Westinghouse company were
inspected by means of the FIRE. This equipment allows solving issues related to basic
and additional characteristics of nuclear fuel that affect its reliable and safe operation at
Ukrainian NPPs.

The technical condition of WFAs/RWFAs manufactured by Westinghouse
company, which are operated in Ukrainian power reactors, fully meets the safety
requirements set during their design and substantiation of safe operation. In the case of
damage or leakage of fuel rods in Westinghouse fuel assemblies, these assemblies can
be repaired due to their dismountable design and by means of a tool for their repair such
as the FIRE. Therefore, Westinghouse fuel assemblies have much higher
maintainability than fuel assemblies of TVEL JSC.

BUKOPUCTAHHS ITPUJIAZIIB AKIT Y PA3I PAIIALIHOL ABAPIT
BHACJIITOK BIFICBKOBUX I

Kasumupoe O.C., Iegnee C.M., Yopnuii €.B.

HaykoBo-BupoOnuue mianprueMctBo «AromKommnekcl Ipunany
Micro KwuiB, akp@akp.kiev.ua

BiiicbkoBi 11 Ha TepuTopii YKpaiHu, 0COOIMBO HA TEPUTOPISX, MPUIETIUX 10
AJIEPHUX O0’€KTIB, MOXYTh CTaTH MPUYMHOIO PETIOHATIBHOI SAEPHOI  aBapii.
¢da31 komyHanbHOI aBapii [1]. BigmiHHICTE MOXKe ToNsraTd y (i3UuHId MPUPOIL
JoKepena paaioakTUBHOTO 3a0pyAHEeHHsI. B3araii Takux kepen Moxke OyTH JBa THUITH
— AEC y mmpokoMy po3yMiHH1 LI-OTO MOHSTTS, 110 BKJIFOYA€ PEAKTOPHY YCTAaHOBKY Ta
€JIEMEHTH, 110 HeoOXimHI /Ui ii (PYHKIIOHYBaHHS Ta BUPOOJICHHS €HEeprii, Kyau
BXOJATh TPHUMIIICHHS JUI TOBO/DKEHHS 3 CBUKUM SIICPHUM TAJIMBOM, a TaKOX
CXOBHINA JJIsi 30€piraHHs BiAMPAIbOBAHOTO SJCPHOTO TalMBa ab0 pajioaKTUBHUX
BIJTXO/IIB.

Pi3HMIIE MDK UMMM YMOBHUMH KaTETOpISIMU JDKEpEN IOJIATaE Yy CHEKTpi
Pall0OaKTUBHUX PEUOBUH, IKUN 3aJI€KHUTD BiJl BUAY SAEPHOI YCTAHOBKH (yCTaHOBKH, 1110
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BKJIIOYAIOTh SIIGPHI  PEAKTOPU Ta YCTAHOBKU 110 30€epiraHHio siiepHuX ado
palloaKTUBHUX MarepiaiiB) Ta KOHKPETHOI YaCTUHM YCTaHOBKM, WO 3a3Haja
ypaKEHHSL.

Y cTaHOBKH, 1110 BKIIFOYAIOTh AJIEPH] PEAKTOPH.

Jlnis mopii, MOB’SI3aHUX 3 YPaXEHHSAM IEPIIOr0 KOHTYpPY PEAaKTopa MOBHICTIO
XapaxkTepHi 0coOIMBOCTI paHHBOI (ha3u KOMyHanbHOI aBapii. JlogaTkoBuM (akTopom
HEeOe3MeKH € MOXKITUBICTD HASIBHOCTI Y BUKUAX IMIBUILECHOT KOHIICHTpPALlli MaTepiaiiB
OMPOMIHEHOTO SACPHOTO MajnBa, Takux sk 238, 239, 240, 241Pu, 241 Am, Ta 1HIIHX
anbda BUMpoMiHioBauiB. LI marepiamn OCOOMMBO MIKIAIMBI JJIsI HAcENCHHA Ta
JIOBKLJIAL.

VYpaxxeHHs 1HIIUX CUCTEM PEAKTOPHOI yCTAHOBKU TAKOK MOYKE BUKJIMKATH MO/I0,
NOJIIOHY 10 paHHbO1 (pa3u pajialiiiHOI aBapli 3a paXyHOK PO3BHUTKY aBaplii.

VY cTaHOBKM MO 30€piraHHIO SAEPHUX MaTepiaiB.

JIo HHMX BIJHOCSATBHCA NPUMILIEHHA IO TOBOHKEHHIO 3 «CBUKUMY» SAEPHUM
NAJIMBOM, TIPUPEAKTOPHI OACEHHN BUTPUMKH BIANPAIbOBAHOIO MaJIMBA Ta YCTAHOBKH
JUTsl 30epiraHHs BIMPAIIbOBAHOTO SIJIEPHOTO MaINBa, 1110 3HAXOASTHCA 1032 OyAIBICIO
peakropy Ha MaiinaHuuky AEC abo Ha okpeMOMy MaliJaHUHKY.

[ToreHuiliHe ypa)K€HHS NPUMIIIEHHS MO IOBOJKEHHIO 3 CBIKUM SIIEPHUM
NAJIMBOM MO>KE€ BUKJIMKATH pajialiiiHe 3a0pyaHeHHs 130Tonamu 235, 238U, m1o MaroTh
BEUKY O10JIOTIYHY €(EeKTHBHICTh 3aBISIKU iX ajb(a-BUIIPOMIHIOBAHHIO Ta
TOKCHUYHOCTI CaMHX 130TOIIB ypaHy. lle Mo)ke BUKIMKATH HACHIJIKH, TOB’sI3aHi 3
3aXBOPIOBAHHSIMU OPraHiB IUXaHHs, BKJIIOUaroun oHkosoriudi. [lle 61ibiin HeraTuBHUMN
BIUIMB MOKE€ MaTH MOIIKOKEHHS 3MIIIAHOTO ypaH-TUTyTOHIEBOTO MajMBa, B SIKOMY
MO>KJIMBA HASIBHICTh OUIBIIT TOKCUYHUX 130TOIIB TUTy TOHITO.

[H1I0r0 HEOE3MEKOK MOKE CTATHU YTBOPEHHS KOMIIO3HMIIII MalKBa, B SKIA MOXeE
BUHUKHYTH CaMOITITPUMYyBaHa JIAHITIOTOBA sijiepHa peakiiis. Hacmimku Takoi momii
HenepenOauyBaHi. HaitOuibin BiporigHO, M0 BOHU OyIyTh CXOXKI Ha paHHIO (azy
BaKKOI SIZIEpHOI aBapii.

VYpaxeHHs! yCTaHOBKU I0 TIOBOJDKEHHIO 3 PaJlOaKTMBHUMH BIAXOJAMH MOXeE
MaTH HaCIIJKOM pajiamiifHe 3a0pyJHEHHS JOBKUUIS THMH MaTeplajlaMH, II0
30€epIraroTbCs y CXOBHUIIII.

HacnikoMm Takux MOXIIMBUX MOAIM € TOTEHI[IaJIbHE paJloaKTUBHE 3a0pyTHEHHS
MaiiJaHYuKa SAEpHOI YCTAaHOBKU, CaHITapPHO-3aXMCHOI 30HHU, 30HU CIIOCTEPEKEHHS Ta
JTOBKULISL.

PearyBannst Ha moaiOH1 Mol pO3MIIHYTO y yucieHHUX aokymeHtax MAI'ATE
110710 aBapiHOIO pearyBaHHs Ta Y HOPMaTUBHUX JIOKyMEHTax YKpaiHu.

3araibHUI MiIX1J MOJISATae y aHaji31 XapakTepy Ta po3Mipy Ypa)KeHOi TepUTOpii.
Jlis oOrpyHTYBaHHSI HEBIAKJIAAHUX 3aXOJIIB 13 3aXUCTY HACEJEHHS PEKOMEH]Y€EThCS
NPOBEJICHHS MOHITOPUHTY BHUKHJIB Ta CKUIIB YpPaXEHOI YCTAHOBKH, 3 METOIO
BCTaHOBHUTH OYIKYBaHUI CKJIaJl Pali0aKTUBHUX PEYOBHUH, 10 PO3MOBCIOKYIOTHCS, Ta
IHTEHCUBHICTb 1X BUXOJY, BKJIIOYAIOUM MOHITOPUHI JOBKULIS, CaHITAPHO-3aXUCHOL
30HU Ta KOHTPOJIBbOBAHOT 30HU CIIOCTEPEKEHHS SAEPHOT YCTAHOBKH, SIKUI MOXE JIaTH
pearbHy KapTUHY 3a0pyJHEHHA Ta JaTd JOJATKOBY 1H(OpMAIlIO MPO IKEpero
HAJXO/KEHHS Pa/llOaKTUBHUX pedoBHH. KpiM 11b0T0, HEOOXITHUI OLIBIN HMUPOKHIA
MOHITOPHHT JTOBKULIA 32 MEKaMH 30HU CIIOCTEPEKEHHS SACPHUX YCTaHOBOK [2]. [Tpu
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IILOMY HE 3MEHIIYIOThCSA MOTpPeOM y iH(opMallli Mpo peaTbHUi CTaH sAepHOL
YCTaHOBKHM, a caMe€ — pe3yJbTaTd BHUMIPIB paJiallifHUX IMapaMeTpiB IPUMIIICHb,
MaiiTaHuuKa Ta cTaHy 0ap’epiB Oe3MeKu peaKTOPHOT YCTAaHOBKU. Y BHUIMAKaX TSKKOTO
Pa/lloaKTUBHOTO 3a0pyTHEHHSI PEKOMEHAYEThCS MPOBOJUTH KOHTPOJIb 3a0pyAHEHHS
NPOAYKTIB XapuyBaHHA Ta pajlalliiHIi KOHTPOJIb HACEICHHSI.

[ToTpebu y nux HampsMKax MOHITOPWHTY Y BUMAJKY SAEPHOI aBapii 4acTKOBO
MOXYTh OyTH 3a0€3MeueHi anapaTHUMH Ta METOAUYHUME po3poOkamu AKIL.

[omkomkeHHs AaepHOro najvBa 0e3 pyiHyBaHHS MEPILIOTro KOHTYPY MOXe OyTH
niarHoctoBano 3a gomnomororo komiuiekcy CTIIK-01, mo Bxe BCTaHOBJICHUN Ha
OLITBIIIOCTI €HEPTOOIIOKIB.

[TomikomkeHHsT MaporeHeparopy Moxe OyTH A1arHOCTOBAHO 3a JOMOMOTOIO
HaIO1 YCTaHOBKU «A30T-16-111.

VY pasi NOUIKOMKEHHS PEaKTOPHOI YCTAHOBKM HEOOXITHO MPOBOAUTH 3aXOIH 3
paiaiifHoro MOHITOPUHTY JOBKULIS METOJaMHu BimOopy mpod, 1m0 Moxke OyTu
BHKOHAHO 32 JIONOMOTOI0 JIIHIAKKA Hammx criektpometpiB cepii «CEI ta «CEby, ski
HIMPOKO BUKOPUCTOBYIOTHCS SIK Ha SIZIEPHUX YCTAaHOBKAX, TaK 1y Mepexi JadopaTopiii
Jlep»KcroKuB cTaHaapTy Y KpaiHu.

OmnepaTuBHE BU3HAUEHHS PIBHS MMOBEPXHEBOIO 3a0pyIHEHHS MICLEBOCTI MOXKE
MIPOBOJUTHUCS METOAOM Insitu criekTpoMeTpii 3a mponomororo npuiany [TPC-01, mo
YCIIIITHO BUKOPUCTOBYBaBcA y 30H1 BiquykeHHs: YAEC ta y paitonax, npuieriux AEC
«Dyxkymmmay y AnoHii.

Binbin neranbHe 00CTEKEHHS MICIIEBOCTI BUKOHYETHCS IIUIIXOM BiJI0OpY MPo0 Ta
nabopaTOpHUX BUMIPIOBaHb. [Ipy 1boMy MOke OyTH BHSIBIIEHO Ta KUTBKICHO OIIIHEHO
3a0pyIHEHHS JOBKULISA TPaHCYpaHOBHMHM elleMeHTamMu. BimmoBigHa meroauka MBI
06-03/11 po3pobneHa, 3aTBEpKEHAa Ta BUKOPUCTOBYETHCS JIJIsl BUMIPIOBaHb Yy 30HI
BimuyxeHuss YAEC [3].

BaxmuBuM nmuTaHHAM € 3a0e3redeHHs Oe3neKku HaceleHHs. SIK Bike BKa3aHo, y
pa3l 3HauyHOro 3a0pyJHEHHsS HEOOXiIHMH KOHTPOJIb MPOIYKTIB XapyyBaHHS Ta
NPOBEJICHHS PAIAIifHOTO KOHTPOJIIO HACEJIEHHS, SK€ MOTIJI0 OyTH pajiaiiiHO
3a0pyHEHO Yepe3 BXKUBAHHS MPOIYKTIB XapuyBaHHS a00 MepOpaTbHIM [UIIXOM.

Hamu po3po6iiena Huzka mpuiiaaiB (Bxke BkazaHi criekrpomerpu cepit CEI' Ta
CED) Ta BiMOBIIHUX METOIMK BUKOHAHHS BUMipiB (MBB) aist KOHTpOITIO IPOAYKTIB
xapuyBaHHs. JIJi1 KOHTpOJIIO HaceleHHS Ta TMEpCOHAy YCTaHOBOK pO3pOOJIeHI
JTYMIBHUKY BUIPOMIHIOBAHHS JIIOJUHM, K1 BopoBajkeHl Ha AEC Ta y neskux
JiKapHSHUX ycTaHoBax. Bci mi mpuiaau 3abe3mneueHi METPOJIOriuHO 3aTBEPIKECHUMH
MBB.

binmemn  nmeranpHO TIpO TpWIATM Ta METOAM MOKHA JII3HATUCS HA CaMTi
www.akp.com.ua.
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O.Kazymyrov, S.lieviiev, Y.Chorny

AtomKomplexPrylad Instruments’ Usage
in Case of Radiation Accident Due to Military Actions

Annotation: The report briefly considers possible threats of the military
operations at the territories adjacent to the nuclear facilities. It underlines special
features of the possible nuclear installations” damage consequences. It is the danger of
the territory and food products contamination especially by alpha emitters. The
international experience consists in environment and population monitoring for the
Jjustification of appropriate countermeasures for protecting the population.

Authors propose some instruments (spectrometers of beta and gamma radiation)
and methodological developments, which might be useful in such a monitoring
program.

These include semiconductor and scintillation spectrometers for monitoring the
reactor operation, beta and gamma scintillation spectrometers for food products
monitoring, device for territory contamination assessment, whole body counters for the
population monitoring.

All devices use verified measurement procedures, including unique procedure of
the environmental samples plutonium contamination measurement.

JOCJIIIZKEHHA PAJIOAKTUBHUX BUKHU/IIB YEPE3
TEXHOJIOI'TYHI OTBOPH B ITIOKPIBJII OB'EKTY "YKPUTTA" B
YMOBAX HOBOI'O BE3ITEYHOI'O KOH®AUMEHTY

Kanunoscoxuii Onexcanop, Kpacnos Bikmop, @ininnos Onexciu, Cabenin Ilasno

[actutyt npobnem 6e3neku AEC HAH VYkpainu, YopHoOuib,
By KipoBa, 36a, YopaoOuis, Ykpaina 07270,

o.kalynovsky@ispnpp.kiev.ua

B crarTi mpeacraBieHi pe3yiabTaTH TOCHTIIKEHHS HEOPTraHI30BaHUX BHUKHUJIIB
pamioakTUBHUX aepo3oiiB (PA) yepe3 TEXHONOTIYHI OTBOPH 1 HEIIUIBHOCTI JIETKOT
nokpiBmi 00'ekty "Ykpurra" (OY) B mepion BBEASHHS B EKCIUTyaTalilo Ta
excruryaraiii komiuiekcy HBK-OVY 3 2019 mo 2022 pp. Po3paxyHok ckiany Ta
aKTUBHOCTI HYKJIIJIB Y BHUKHJAX BUKOHYBaJM Ha IIJCTaBl aHai3y aKTUBHOCTI
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HYKJiJIB, 1[0 aKyMyJIbOBaHI Ha IUIAHIIETaX, 110 PO3MIIIEHI Oe3MocepenHbo Hajl
YOTHpPMa TEXHOJIOTIYHUMH JIFOKaMH B JIETKIH TOKpiBii. CepeHs MIIbHICTh TOTOKY
Bukuny PA B 2019 p., 2020 p, 2021 p., 2022 p. nopisuwoe 1,6, 2,0, 1,9, 0,97
kbk/(M2e100a) BianoBiAHO. 3HA4YeHHS KoedillleHTa Bapiallii IIUIBHOCTI TOTOKY
Bukuay B 2019 p., 2020 p. 1 2022 p. (6inbmii 150 %), nro 06yMoBIIeHO TIepepBaMu B
TeXHOJIOT1uH1N AismpHOCTI KoMiuiekcy HBK, nanpukian, B 6epesni, kBiTHI 2020 p.
KapaHTHHI 0OMEXeHHs; B Oepe3Hi, KBITHI, TpaBHI 2022 p. 0OMEXEHHs B 3B’SI3KY 3
BilicbkOBUMH TomisiMu. [Ipu mITaTHIA TEXHOJOTIYHIA MisUTBHOCTI KoedillieHTa
Bapiamii 3MeHmryerscs. CepeqHsi IMIUIBHICT MOTOKY BHMaaiHb PA Ha Jerky
nokpiemo B 2019 p., 2020 p, 2021 p., 2022 p. gopiearoe 1,9, 2,0, 2,0, 0,91
kbk/(M2e100a) BimmoBigHO. /[0 BCTAaHOBICHHS apKd B TIPOCKTHE IOJOKCHHS
CepelHbOPIYHA IIIIBHICTh MOTOKY BHKHJIB MEPEBHINYBaja 3HAYEHHS IIUIBHOCTI
BUMNAIHb B 3 — 5 pasis.

AHaJi3 KOpEJsLINHOI 3aJIe)KHOCTI MK IIUIBHICTIO BUKUAY Ta BUIAIIHHSIMU
PaTIOHYKJIIIIB MOKa3aiu, 1o KoedimieHT kopesii B 2019 p. nopiHioBar 0,65, B
2020 p. - 0,81, 8 2022 p. — 0,97. ¥ 2021 p. xoedimieHT Kopesiii OyB BiJ’€MHUM 1
nopiBHioBas 0,25. Ile BiporiiHO BKa3ye, 110, OKPIM «HEOPTraHi30BaHOTO» BUKUTY PA
yepe3 IIUIMHU B JIETKIM TOKPIBJi, B pPe3yJibTaTl TEXHOJIOTIYHOI MisUTBHOCTI
3 ABJISIIOTHCA TOTYKHI JIPKepena TreHepalii pagloakTUBHOTO MUY B MiJaPKOBOMY
IPOCTOPl, TOMY HEOOXITHO MPOBOJUTHU JOJATKOBI CEAHCH 3 MIJIONPUTHIYCHHS B
MICIISIX BUKOHAHHS POOIT.

Kuiro4uoBi cioBa: paioakTUBHUX a€pO30JIiB, PaJl0aKTUBHI BUKHUIU, OO0'€KT
"Vkpurta", HOBU Oe3neuHnii KOH(paHMEHT.

RESEARCHING OF RADIOACTIVE RELEASES THROUGH
TECHNOLOGICAL HOLES IN THE ROOF OF THE "SHELTER" OBJECT
IN CONDITIONS OF THE NEW NEW SAFE CONFINEMENT

O.K. Kalynovskyi, V. O. Krasnov, O.V. Filippov, P. Sabenin
Institute for Safety Problems of NPP of NASU, Chernobyl, Ukraine

Abstract: The results of researching of unorganized releases of radioactive
aerosols (RA) through holes and splits the light roof of the Shelter Object (SO) during
a commissioning and operation the complex of NSC-SO within 2019 - 2022 are
presented in the article.

The calculation of the composition and nuclides activity in releases was fulfilled
on the basis of the analysis of nuclides activity accumulated on tablets placed directly
above four technological hatches in the light roof. The average of release flux density
of RA in 2019, 2020, 2021, 2022 were 1.6, 2.0, 1.9, 0.97 kBq/(m2+day), respectively.
The value of the coefficient of variation of release flow density in 2019, 2020 and
2022 (more than 150%). Such increasing is due to interruptions in technological
activity of the NSC complex, for example, in March, April 2020 by quarantine
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restrictions, in March, April, May 2022 restrictions by military events. The average
density of RA fallout flux on the light roof in 2019, 2020, 2021, 2022 were 1.9, 2.0,
2.0, 0.91 kBq/(m2+day), respectively. The average annual density of the release flux
RA exceeded the value of the fallout density by 3 to 5 times before an installation of
the arch in design position.

The analysis of the correlation dependence between the release density and
fallout of radionuclides showed that the correlation coefficient in 2019 was equal to
0.65, in 2020 - 0.81, in 2022 - 0.97, but in 2021, the correlation coefficient was
negative and equal to 0.25. This probably indicates that, powerful sources of
radioactive dust generation had appeared in the under arc space, in addition to the
"unorganized" emission of RA through splits and holes in the roof, as a result of
technological activity, so it is necessary to conducted additional dust suppression
sessions on working locations.

Keywords: radioactive aerosols, radioactive releases, Shelter Object, New Safe
Confinement.

OYNIIEHHA 3ABPYJIHEHNX YPAHOM BOJ MEXAHOXIMIYHO
AKTUBOBAHUM OPI'TAHOMOHTMOPHJIOHITOM

Koeanvuyk 1.A."?

! IncruryT copOuii Ta mpobieM enpoexonorii HAH Vkpainu,
2> HauionanpHuil TeXHIYHMHA yHiBepcuTeT Yipainu “KuiBchbKuil mosmiTexHiuHmii
iHcTuTyT 1IMeHl Iropst Cikoperkoro”, Kuis, kowalchukiryna@gmail.com

BiitHa B VYkpaiHi mnpu3Bena 10 BHUBEACHHS 3 €KCIUTyaTallii LUIOro psay
MPOMUCIIOBUX TIANPUEMCTB Ta YTBOPEHHS 3HAYHOI KIUIBKOCTI HEOE3MeYHUX
3a0pynHIoBaviB. B pe3ynbTaTi yaapiB BIHCHKOBOT 30p0i ypaKeHHS 3a3HAIOTH MICIIS
BUJIOOYTKY, mepepoOKu, 30epiranHs Ta yTHIi3allli paaloakTUBHUX peuoBuH. Kpim
TOTO, YPaKEHHS BIHCHKOBOIO 30pO€EI0 MPU3BOJUTH JI0 HAIXOKEHHS B PE3yJbTATi
BUOYXiB y JOBKUIIS TOKCHYHHUX Ta paaloaKTUBHUX peuoBuH. IlepeBaramu
COpOIIIHHOTO METOy OYMIICHHS 3a0pyJHEHUX BOJ 3 MOMIDX YHUCICHHUX METOMIB
OUHIIICHHS € CEJNIeKTMBHE BUJAICHHS HE3HAYHMX KUTBKOCTEH TOKCHKaHTiB. Ha
CHOTOJIHIIIHIN JIeHb JJIi OYHWILIEHHS BOJHOTO OaceiiHy IPOIMOHYEThCS BEJIMKE
PI3HOMAHITTS TPUPOJHMX Ta CHUHTETUYHUX cOpOeHTiB. IIpoTe AOLIIBHICTD
BUKOPUCTaHHS MPUPOJHUX TJIMHUCTUX MIHEpaTiB 00OyMOBJIEHA iX JAOCTYIHICTIO Ta
HU3BbKOIO BapTicTio. PDizuyHe Ta XiMiuHEe MOAM(IKYBaHHS MOBEPXHI TIIMHUCTHX
MIHEpAJIIB Jla€ 3MOTy CYTTEBO IMOKpAIUTH iX COPOIHI Ta TEXHOJOTIYHI
XapaKTePUCTHKU. 30KpeMa, BUKOPHUCTAHHS EHEPrOHAmpy>KeHOTO IUCTIepryBaHHS
CHpUs€ 3pPOCTAHHIO TMMOBEPXHEBUX XapaKTEPUCTHUK TJIMHUCTHUX MIHEpaliB, a
IPUCYTHICTH B JUCTIIEPCIHHOMY CEPEIOBUIIIL BEIUKOPO3IMIPHUX OPTaHIuHUX MOJIEKYJT
3HaYHO CKOPOYYE€ Yac AUCIEPryBaHHS.
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Hamoro Mmeroro OyB MOHIYK ONTUMAIBbHOTO CHocody MoaudikyBaHHS
IVIMHUCTUX MIHEpaJiB METOJOM MEXaHOXIMIYHOI aKTHUBAIli JUIs iX MOJaJIbIIOTO
BUKOPHUCTAHHS B MpoIlecax OYMILEHHS BOJMU BiJl HEOPraHIYHUX TOKCUKAHTIB.

HaiinommpeHnimuii MiHepan Tpylud CMEKTUTIB — MOHTMOpUJIOHIT (MMT)
oTpuMaHo 3 Yepkacbkoro pojoBuiia Ykpainu (c. Jamrykiska JIucstHCbKOro pailoHy
UYepkacbkoi o0rnacTi). 3arajgbHa CTPYKTypHa (GopMyja MOHTMOPHJIOHITY
(Ca0,12Na0,03K0,03)0,18(Al1,39Mg0,13Fe0,44)1,96 (S13,88A10,12)4010
(OH)2enH20), karionna oOmiaHa emkicTh (KO€) 1,0 mMmoms/r. CrpykTypa
MOHTMOPHJIOHITY (2:1) mpencTaBieHa mapoM OKTaeapiB, SIKI MICTITHCS MiXk JBOMA
mapamMu TerpaenpiB. B mikmaketHomy mpoctopi MMT MOXyTh 3HaXOAUTHUCH
MOJIEKYJIH BOJIU, 3aBasku YoMy MMT mae 31atHicTh 10 HaOyxaHHs. [{71s1 onepxkanHs
opraHomMo i1 (}ikoBaHOr0 MOHTMOpUJIOHITY (OMMT) 6ysi0 BUKOPUCTAHO KATIOHHY
ITAP rekcanenmnrpumetunamonii 6pomia (C16H33)N(CH3)3Br). MexaHoxiMiuHy
aktuBalito MMT ta OMMT npoBoauiIM 3 BUKOPUCTAHHIM IUJIAHETAPHOIO MJIMHA
Pulverisette-6 (Fritsch) Bnpogosx 0,5 - 4 ronun Ta 2-25 XBWIKMH BiANOBIJTHO.

JIOCATHEHHSI CYTT€BOTO IMOKpPAILEHHS pe3yJIbTaTiB COPOLIMHOIO OYMILIEHHS
Boau Bix ypany Big 0,05 mMomas/T s MMT no 0,12 MMoJb/T 111 MEXaHOXIMIYHO
aktuBoBaHoro MMT Bi10yBa€ThCsl BHACIIIOK JIOBTOTPUBAIIOT 2 TOJT MEXaHOXIMIYHOT
o0poobku MMT. IIpu wmomudikyBanni mnoBepxHi MMT kationHowo IIAP
TeKCaJCIUITPUMETUIIAMOHIN  OpOMIZIOM 3MIHIOETHCSA T1ApOdUTEHO-T1APOohOOHMI
OanaHC TOBEPXHI - 3HAK J13€Ta-MOTEHII1aTy YACTHHOK 3MIHIOETHCS 3 HETaTUBHOTO IS
MMT no nosutuBHoro it OMMT B ycboMy nianaszoni 3HadueHb pH [1]. s
OpraHOMOHTMOPHWJIOHITY BeInuuHu copOuii ypany (V1) cknanators 0,11 Mmmosis/T Ta
0,24 mmounb/t (ipu criBBigHOMEHHI KOC:ITAP 1:1 ta 1:2 BinnoBigHo), Npy LHbOMY
3 BOJHUX PO3YMHIB €(DEKTUBHO BUIYYAIOTHCS SIK aHIOHHI, TaK 1 KaTIOHHI (opMu
ypaHy [2]. Cunrte3oBaHi 3pa3Ku MEXaHOXIMIYHO AKTUBOBAHOI'O
OPraHOMOHTMOPHJIOHITY JE€MOHCTPYIOTb BHCOKI COpPOUINMHI XapaKTEPUCTUKHU IO
BIJHOLIEHHIO JO CIOJIYK YpaHy BXe IMpH 2 XB BHCOKOCHEPreTUYHOI'O
nucnepryBanHsa. [lpu 1mpomy 3pocraroTh sk BenuuuHu copOiii (monax 0,40
MMOJIB/T), TaK 1 CEJIEKTUBHICTb OTpHUMaHOro copoOiiiinoro Marepiany (Kd >104
cM3/r). OpraHOMOHTMOPUJIOHIT € OUTBII CTINKUM JI0 MEXaHIYHOTO PYWHYBAaHHS MPU
cyxomy momeni HibK npupoaHuii MMT. Opradornuaun  MoauQikoBaHi
JIOBTOJIQHITIOTOBUMH KaTIOHAMH aJKIJIAMOHIIO JIIOTh SK MAaCTWJIO Ta 3aXUINAIOTh
INIMHUCTUA MiHepan BIJ TepTS il Yac IOMENy Yy BHUCOKOCHEPIeTUYHOMY
IUTAaHETApHOMY KyJlboBOMY MJMHI. Mopaudikamis MMT 4eTBepTUHHOIO CULIIO
aMOHII0 MPU3BOAMUTH JO YHNOBUIbHEHHA AedopMailii 1 amopdizauii CTpyKTypH
MOHTMOPHJIOHITY.

OTxe, MEXaHOXIMIYHE AKTUBYBAHHSI TJIMHUCTUX MIHEpPaliB, MOAN(IKOBAHUX
kationHuMu [TAP nae 3mory cyTTeBO MOKpallyBaTh iX COpOLiMHI BIACTUBOCTI
HaBiTh TPHU JOCHTH KOPOTKOTPHBAJIOMY EHEPTrOHANpYy>KEHOMY IUCTIepryBaHHI.
Otpumani BUCOKOC(PEKTUBHI COPOIIIifHI MaTepiaan MOXYTh OyTH BUKOPUCTAHI JIJIst
BUJTyY€HHS BCiX (POpM pagioHyKIiIB 13 3a0pyIHEHOT0 BOJHOTO CEPEIOBHUIIIA.
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Sorption materials on the base of montmorillonite (organoclays) were used for
the removal of wuranium (VI) from contaminated water. The method of
mechanochemical activation for increasing the sorption capacity and selectivity of
the clays surface was used. It was established that the mechanochemical activation
of clay minerals modified with cationic surfactants significantly reduces the time of
mechanochemical processing and increases the sorption characteristics of the
material. A significant increase in the sorption characteristics of the synthesized
material (more than four times compare to natural minerals and more than twice
compare to organoclays) was shown. The obtained sorbents can be widely used in
water purification technologies and modern environmental protection technologies.

INFLUENCE OF NSC ON TEMPERATURE DYNAMICS IN FCM
CLUSTERS IN ROOMS 305/2, 304/3.

Krasnov V.O., Doroshenko A.O. Pavlyuchenko M.1., Muliar D.O.

Institute for Safety Problems of Nuclear Power Plant of the National Academy of
Sciences of Ukraine, Chornobyl, a.doroshenko@ispnpp.kiev.ua

Abstract: An analysis of the results of temperature measurements near
hypothetically nuclear-hazardous cluster (accumulations of fuel-containing
materials) by monitoring systems inside of the "Shelter" object and the New Safe
Confinement was carried out. A close connection between different control points
was revealed, which is explained by the presence of a common source of thermal
energy. The changes that occurred as a result of the installation of the New Safe
Confinement in project position and their impact on fuel-containing materials were
analyzed. The research of temperature fields and heat flows was important in the
research of nuclear fuel under the conditions of the "Shelter" object.

In the summer of 1986, it was possible to go through many internal premises of
the destroyed 4th unit of the Chernobyl nuclear power plant and to install monitoring
devices in relatively accessible areas. This made it possible to identify places where
nuclear fuel was located by means of indirect measurements, and also made it
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possible to use the results in estimating the mass of fuel in individual rooms of the
"Shelter" object [1].

In the autumn of 1986, it was possible to enter room 213/2 and install a several
numbers of temperature and heat flow sensors on the surface and in the depth of
western wall. The temperature on the surface varied from +40 to +60 °C, and in the
wall, in the well, which was drilled at an upward angle, it reached +150 °C. These
data indicated a significant accumulation of fuel in the premises located above and
to the west of room 213/2

Thermal measurements on the walls and floors of the premises provided indirect
data on the presence and mass of "hot" fuel in inaccessible premises, but this was
incomplete information on the geometry and amount of fuel-containing materials
(FCM), fuel content in their volume, etc. The lack of information on the neutron flux
density (NFD) did not allow for subcritical control. So, for this it is necessary to
deliver sensors inside the FCM cluster itself or to local places on the periphery of a
large cluster, where the power of the exposure dose often reached hundreds and
thousands of R/h.

In the period 1988 - 1990, several dozen wells with a depth of 8 - 20 m into the
reactor vessel and sub-reactor premises, were drilled from the south, west and east
and at various elevations. In May 1988, a functional network of research channels
for remote measurement of GDR, NFD and temperature was created, which were
combined into the information and measurement system (IMS) "Finish", and its
detectors were installed in wells.

So, the temperature in well Z.9.E, which was passed on 14.06.1988 from room
207/5 (mouth) to room 305/2 at a depth of 13.7 m (butthole) reached 130 °C, GDR -
870 R/hour, and in the well Z.9.K 166-169°C (November 12, 1988), GDR - 3236
R/hour. But already on July 31, 1991, the temperature in this well was 56.5 °C, which
corresponds to a decrease in temperature of approximately 0.1 degrees/day or 41
degrees/year (the drilling of the well is also in note 305/2).

Temperature measurements were performed in wells, the bottoms of which are
located at rooms 305/2, 304/3 and 207/5,6, with the help of thermoelectric converters
(thermocouples and thermoresistors), which were connected to the measuring
channels of the IMS, and now the expert diagnostic system (EDS). In these premises,
according to various estimates [2], there are significant accumulations of FCM,
containing approximately 100 tons of nuclear fuel.

The accuracy of measuring the temperature in the channel according to the
calibration data is £1°C, which is sufficient for studying the dynamics of the nuclear-
physical parameters of the FCM in the premises of the destroyed unit 4 of the
Chornobyl Nuclear Power Plant.

The temperature control was carried out by the "Finish R" and "Finish [" IMS
in a session mode (6 channels, 5 sessions per day) daily before commissioning of the
IAMS, and after, the temperature was measured in 13 channels of the EDS, once a
day and at least 1 time once a week

COVID-19 and military actions in the first half of 2022 did not allow this to be
carried out regularly, that is, in monitoring mode. In this regard, appropriate
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corrections were made to the methodology of statistical analysis of temperature
dynamics in the conditions of the NSC SO to reduce the bias in the estimates of
statistical parameters.

In fig. 1 presents a graph of characterizing of the dynamics of maximum and
minimum temperatures (°C) in the room 305/2 from 1994 to 2022 incl.
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Fig. 1 - Dynamics of maximum and minimum temperatures (°C) in the room 305/2
from 1994 to 2022.

Maximum average temperatures are recorded by channels K 7, 13, 21 (room
305/2), minimum by channels K23, 25, 26, 27 (app. 305/2, 207/5,6), which is
explained by the location of temperature sensors on the periphery of PVM clusters.

Time series of temperature observations under the conditions of NBK-SO in the
room 305/2 (K 23 and K7). These are the channels in which the minimum (K23) and
maximum (K7) values were observed, and the temperature values in the remaining
11 channels are in the interval between them. The temperature difference between
the maximum and minimum values at one point in time is about 5 °C.

To determine the relationship between the parameters between the channels, the
linear correlation coefficients were calculated. Temperature changes in the channels
are closely related, as evidenced by the correlation coefficient, which corresponds to
a very strong relationship on the Chaddock scale. This may indicate the presence of
a common heat source for all measurement channels.

Conclusions

1. The NSC largely insulated the SO from the influence of external temperatures,
as evidenced by the absence of sub-zero temperatures that existed before its
installation.

2. In the conditions of the NSC, such a factor of FCM degradation as physical
weathering is reduced to a minimum, chemical and radiation factors dominate.

3. The highest temperatures are recorded in the room 305/2 (southeastern and
eastern parts), which indicates the presence of significant masses of FCM there.
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4. Temperatures in the rooms have stabilized, the dynamics are not significant (the
coefficient of variation on the periphery does not exceed 23%, and its minimum
values are 7-13%), residual heat release is not significant, radiogenic heat release
dominates, although not significant.
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POJIb I MICIIE MOAEJTIOBAHHS ®IBUYHOI'O CTAHY HBK
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Anomauia. Memoio pobomu € ananiz ocodrusocmeii excnayamayii Hoeoeo
besneunoco Kongpaiimmenmy (HBK i ¢izuunux npouecis, wo euznauaromo yi
ocoousocmi, a maxKodc ananiz eHympiwnvbo2o cmany HEK ma tioco 83aemodito 3
Haskonuwnim cepedosuwem (HC). /loseocmporosy excnayamayiro HEK (e menue
100 poxis) euznauaromv mMepMOOUHAMIUHI, 2Ii0pABNIYHI Ma B0J02ICHI (Di3UYHI
npoyecu 6 kinbyesomy npocmopi (KII) HBK, a 6 ocnosnomy 06'emi (OO) HBK
000armuvcs uje MacooOMini (nosimps - padioakmuseni aeposoni (PA)) npoyecu na
meduci HBK-HC. Ilpoonemoro HBK € ii020 necepmemuunicme i 8HACIIO0K Yb020
HAAGHICMb HEKOHMPONbosanux eukuoie nosimpa 3 PA ¢ HC uepes npomiuxku y
pisnux micyax HDBK. Bumpamu nogimps wuepe3 yi npomiuku 6UMIposamu
Hemooicnugo. Tomy, npu pozoupauni HecmabinbHux KoHcmpykyiu O6'ekma
« Ykpummsy ma sunyyenHs nanugoMicmKux Mmamepianie i3 3pyuHo8aH020 peakxmopa
nionimamumemascs, nowuprosamumemocs 6 OO0 i eukuoamumemscs 3a medxci HFK
3HAYHA HEKOHmMPoJbosaHna Kinvkicmo PA. B pobomi nokaszano, wo maxi 6uxuou 3
OO 6 HasKoOMUWHE cepedosule NpU BULYUEHHI NATUBOMICMKUX Mmamepianis, a
MAaKoHiC Pi3HUX ABAPIti Ma 8i0MO8 00JIAOHAHH MONCYHb OYMU OMPUMAHI TUULe 34
oonomozow mooeneii @Qizuunozo cmany HBK. [le noxasye eaxciugy poib
mooeniosanusa padiayitinoeo cmany HBK, a maxooic micye modeneu, wo
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PO3pOOAAIOMBCA, 8 CUCEMI NPOSHO3V8AHHA MA OnmumManvio2o ynpaeninnusi HBK
OJ151 BHUJHCEHHA AD0 YCYHEeHHs padiayiliHo2o 6NIUBY Ha HABKOIUWHE cepedosuuye.

Hogsuit besneunnit Kondaiitnment (HBK) € 3axucHoro criopynoro (puc. 1), 1o
BKJIIOYA€ B ceOe OOJaJHaHHS /I BIJIYYEHHS 13 3pYHMHOBAHOTO 4-r0 €HeproOJoKy
YAEC marepianis, sKi MICTATb siICpHE MMATUBO, 3a0e3MeueHHs 0e3MeKU MepcoHaty,
HaceleHHs 1 HaBkoigumHbOoro cepenoBuma (HC), a Takox mnepeTBOpeHHs
3pyHHOBAaHOTO €HEpProOJIoKy B eKojoriyHo Oe3neuny cucremy [1]. s
3a0e3neyeHHs] Oe3NeKu MEepCcoHaly, HACEICHHS Ta HAaBKOJHWIIHBOTO CEPEOBHILA
HBK wmae 30BHIIHIO 1 BHYTpIIHIO 000JOHKH (pHC. 1), sIKI HE € MOBHICTIO
TePMETHYHUMH.

Hezepmemuunicme HBK € ocnoénolo npoodnemoro, ska TPU3BOIUTH [0
HEKOHTPOJHOBAHUX BUKHUJIB MOBITpsI 3 PA B HaBKOJIMIIIHE CEPEIOBUIIE uepe3
npomiuxu y piznux micysax HHK. Butpatu noitps dyepes 1l MPOTIYKKA BUMIPIOBATH
MOKHU 110 HE MOXJIMBO. ToMy, npu po30upaHHi HeCTaOUTbHUX KOHCTPYKIINA O0'exTa
«YKpUTTS» Ta BUIYYEHHI MAJIMBOMICTKUX MaTepiajiB 13 3pyHHOBAHOTO peakTopa
MiJHIMATUMEThCS, nomuproBatuMeThess B OO 1 BukumatuMmethes: 3a Mexki HBK B
HABKOJIMIITHE CEPEJIOBUIIIE 3HAYHA HEKOHTPOJIbOBaHA KuUIbKICTh PA. Bukuau
B1JIOYBAIOTHCSI Yepe3 MPOTIUKK B MICISIX NMPUMUKAHb HUKHIX YAaCTUH CXIHOI Ta
3aximHoi ctiH HBK 3 OyniBenbHuMEM KoHCTpyKIiisamu (puc.l). Ilporiuku uepes
o6ononku HBK € uncnenni ApiOHI NIIIMHU MK CTaJE€BUMH JUCTAMH, a B MICIISIX
NPUMHUKAHb YUIUIbHIOIOUUX MEMOpaH IIUIMHU MK HUKHIMU TopusimMu cTiH HBK 1
OyI1BETbHUMH KOHCTPYKIIISIMU, MIPOTSKHICTD SIKMX CTAHOBUTH COTHI MeTpiB. ['py0i
OLIIHKM CyMapHUX IUIOU] UIIJIMH Y 30BHIMIHIA 000JIOHII (BKIOYAIOYU HUTIHAPUYHY
YACTHUHY) OLIHIOKTHCA OJMU3BKO 2 M2, MiJ 3axifHOIO CTIHOIO OMM3BbKO 2 M2, a min
CXiTHOIO CTiHOIO OJIU3BKO 4 M.

1 West

Shelter object

7
T

a 0
Puc. 1. Cxemu OY 1 HBK y nonepeunomMy po3pi3i (a) Ta mo30BKHbOMY po3pi3i (0).
Ha puc. a: 1- TypOinHMit 3a71, 2 — 3pylHOBaHUN peakTop, 3 — neHTpaipHuii 3a1 OV,
4 — ocHoBHUI 00'eM Ta 5 — kimblieBuit npoctip HBK. Ha puc. 6: ctpinku
MOKAa3yIOTh PyX MOBITPSHOTO MOTOKY, 110 00Tikae HBK Ta TernoBuii pyx moBiTps
Bcepenuni HBEK. Cxema (6) moka3zye takox 8 By3miB 0D monedni, B kit By3nu 1 1 2
€ PO3paxyHKOBHMH, a pelITa — 110 3a1ar0Tbcs Ha Mexax HBK

[TpoTiuku miJg 3axiAHOIO Ta CXIAHOIO  CTIHAMH  MPHU3BOAATH IO
HEKOHMPOJ1b0sanux (Hegumiproeanux) euxkudie nopiTps Ta PA 3 o0cHOBHOTO 00‘emMy
HBK B HaBkosmiiHe cepenoBuuie. Lleli BUKUI Ha3BAHUN «HU3LKUM BUKUOOM), B
TOM ’K€ Yac 13 OCHOBHOTO OO‘€EMY € «8UCOKUII 6UKUO» 4YEPe3 BEHTWISALINHY
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YCTaHOBKY Ta TpyOy 3aBBuIIKM 0113bk0 100 M Ha 3axigHil cTiHi (IuB. puc. 2a). Llei
BUKUJT € KOHMPOIbOBAHUM (8UMIPIOGAHUM) 6UKUOOM TIOBITpS, aje Bxe 0e3 PA,
ockiIbkH PA 3aTpumyeThes criemiaiIbHUMU (iIbTPaMH.

Puc. 2. PozramryBanns miciib rpoTidok moitpst 3 PA no HC (xoBTHii kouip) Ha GoTo
HBK na 3axinniii (a), cxigniii (0) croponax HBK, a Takox po3ranryBaHHs 1aTUMKIB
nepenay Tucky 008, 009 ta 010 TuTbKM HA 3aXiHII CTOPOHI (YEPBOHI TOUKH)

TakuMm 9MHOM MiXX TPOTIYKAMH, PO3TAIIOBAHUMH MPOTHIICKHO i 3aX1THOIO
Ta CXiHOIO cTiHamu (puc.10), BUHMKAIOTh MEPEnaaud THUCKIB 1 HEKOHTPOJIhOBAaHI
MOTOKHU MOBITPS (CIPOTSITW»), IHTEHCUBHICTH SIKUX CHJIBHO 3AJIKUTH Bl HAIPSMKY
Ta IMIBUAKOCTI BIiTpy. Tak, mMpu 3axiTHOMY HaIpsMKy BITpYy (TepeBaxarouuii
HAMPSIMOK) HU3BKUH BUKUJI TOBITPs 3 PA BiOyBa€eThCs y CXiTHOMY HaIPSIMKY, a IpU
CXIIHOMY - y 3aximHoMy. JlJis 3MeHIIeHHS HU3bKOro BUKUAY B OO CTBOPHOETHCS
HEBEJIMKUI BaKyyM 3a JOIOMOTOI0 BUTSDKHOT BEHTHJIALT, 1110 JTO3BOJISIE YHUKHYTH
BUKHUJY TMPUOJM3HO 10 IMIBUAKOCTEH BITpY 4 -5 M/c, ajie mpu OUIBII BUCOKHUX
HIBUAKOCTSAX BUKUIM BUHUKAIOTb.

BumiptoBanHs camMux BHKHIIB 4epe3 IIUIMHU TPOTSIKHICTIO COTHI METpIB
HEMOJKJIMBE, aJle € MOXJIMBICTh IX PO3PAaXyHKY 3a JOIMOMOTOK KOMII'FOTEPHHUX
Mojiefiell Ta MoietoBaHHs TrifpasiiuHoro crany HBK, mo BpaxoByoTh:

e noBHUI Oananc BuTpar nosiTps BeepeanHi HBK Ta 3a iforo mexi;

e Burpatu, mo HarHiTaloTh y KII 1 Bumamstors 13 OO 3a mexi HBK
BEHTUJISTOPaMH;

CyMapHY IUIOLTY MPOTIYOK yepe3 30BHimHI0 00010HKy HBK o HC;

cymapny mionty npotidyok Mixk KIT ta OO;

CyMapHi IUIOIIi 3aX1IHUX Ta CX1JHUX MPOTIYOK HU3bKOTo BUKKUAy Mixk OO Ta HC;
BHU3HAUEHHS TUCKY Ha 30BHIIIHIN noBepxHi HBK npu noBinbHUX HanmpsiMkax Ta
IIBUKOCTSIX BITPY.

Komm'torepra monens rigpasiigdHoro ctrany HBK (puc.10) ommcana B [2] 1
sBisie co6oro HynpMipHY (0D) Momens 13 30CepePKeHUMH TapaMeTpaMmu 3 8-ma
BYy3JIaMHU, B IKMX TUCKH Y By3J1ax | 12 € po3paxyHKOBUMH, a perTa 3-8 — i3 3aJaHHIM
tucky Ha Mexax HBK. Tuckum y By3nmax 3-8 BH3HA4arOThCA 32 JTOMOMOIOKO
TpuBuMipHOTO (3D) MonentoBaHHs 30BHIIIHLO 00TikaHHS HBK, omucanoro B [3].
VYei mnomi npotivok mMix KIT 1 OO, yepe3 3oBHilHIO 00010HKY 10 HC, a Takox
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npoTiuku Hu3bkoro Bukuiay 13 OO no HC Bu3HayaroThCs IIISXOM BHUPIIMICHHS
3BOPOTHHX 3a/a4 [2] 3 BUKOPUCTAaHHIM ekcrutyataniitaux ganux HBK.

[Ipuknan 3acTocyBaHHS MOJEIl y BUIVISAL 3aJIEKHOCTI HUKHBOTO BHUKHUITY
BUTPAT TOBITPs BiJ Yacy JyIs 3axigHoi Ta cxigHoi mpoTidok mif ctinamu HBK
HaBEJICHO Ha puc.3 Ta JeTalbHO BUKJIAACHO y [2]. Ha 1boMy pHCYHKY MO3UTHBHI
BUTpaTH NoBITps crpsiMoBani Bcepeauny HBK, a neratusi i3 HBK 1o HC. CyrreBi
3MIHU XapakTepy NOBEAIHKY BUTPAT BU3HAYAIOTHCS MOCTIHHUMU 3MIHAMU HAPSIMKY
1 mBUAKOCTI BiTpy, 1o 30BHI 00TikaioTe HBK. Taxa 0D modenv nomenyiuino
0036071€ Npaylosamu 8 pedxcumi peanvbHoz2o 4dacy, Hadasamu onepamopy HBEK
8i3yanvHy iHGopmayio npo Hasewi suxuou nosimps 3a medxci HBK i 6 nooanvuiomy
3MeHweH A A00 3anodieanHs BUKUOIE WUIAXOM ONMUMATIbHO20 KePY8AHHS CUCIEMOI0
eenmunayii HbK.
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Puc. 3 3anexHOCTI HUKHBOTO BUKHUIY BUTpAT MOBITPS B Yacl /I 3aX1IHOI Ta
cxigHoi mpotivok nig crinamu HBK npotsrom 28 nHiB

31 Cka3aHOro BHWIIE MO>KHA 3pOOUTH BHUCHOBOK, IIO KUIbKICHE BU3HAUYCHHS
Hu3bKoro Bukuay nositps 3 PA 13 HBK go HC moxnuBe auute 3a oonomozorn
Komn'tomepHux mooeneii ma mooenweanna rtinpasiaiuHoro crany HBK, wo
ROKA3y€ 6axcaugy poJib MoOea06an s I aHam3y pamiariiinoi 6e3nexkun HBK.

HeopranizoBanuii Bukua noBitps i3 HBK go HC posrnsnaBcs Buie 6e3
ypaxyBaHHS JOKaJIbHOTO BUKUAY Ta posnoBciokenHss PA B OO HBK (06’emom
omu3sbko 1,3 mua.m?) Big micus Bukuay PA mo micis nporivok i3 HBK (puc.16) npu
pPI3HOMaHITHUX pO0OTax 13 BWJIYYCHHS paJI0OAKTUBHUX MaTepialliB, CIEHaApPIsiX
aBapiii Ta BimMoB oOnagHaHHs. BHaciinok ciabkoro pyxy nositpst B OO (1 - 5 cm/c)
PA momwuprooThes BiJ MICHS BUKHUIY TMOBUIBHO 1 JOCUTHh IHTEHCHBHO OCIJAIOTh,
TOMY JIO MiCIlb TTPOTIYOK KOHIICHTpaIlisi PA 3MEHITyeThbCS 1 BiITaK BUKUAM 32 MEXKI1
HBK Tex 3MeHIyIThCsI, 0 MOKHA PO3PAXOBYBATH TAKOXK TIIBKU 32 JIOMOMOTOIO
MOJIEIIFOBAHHS.

Take Moie/IIOBaHHS BUpIIIYE Opy2y npoodnaemy ekcnhayamauii HBK (ctiiibHO 3
NIEPIIIOI0) — 1€ aHaniz i npoznosyeanns nowupenus PA ¢ OO ma euxkuou PA 3a
mexnci HBK mnpu pizHux po0OoTax 13 BWIYYEHHS pPaJlOaKTUBHUX MaTepiajis,
CIieHapisix aBapiil Ta BigMoB oOnanHanHs. Hampuxnan, y mokymenti YAEC 3
excrutyatarii komruiekey "HBK-OVY" [4] naBoasTecs uyucnendi (6is 100) cuenapii
aBapiil Ta BIIMOB OOJIAJHAHHS, @/1€ He HABEOCHO IX HACAIOKU MA KOMNEHCYI0Yi
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3ax00U w000 3HUMNCEHHA WUX HACTIOKIE. 30KpeMa aHalli3 PU3UKIB HEOE3MEeUHOTO
BBy Ha nepconan HBK 1 3abpyanenHs PA HaBKOJMIITHBOTO CEpeIOBHUIIA.

VY Monorpadii [5] Ta Ha puc. 4 HaBOUTHCS MPUKJIIA]] MOJICTIOBAaHHS aHAMI3y Ta
nporHo3yBanHs nomupenHs PA 8 OO npu po6oTax 1o BUITy4YEHHIO PaJll0aKTUBHUX
MaTepiaiiB B IIEHTpaIbHOMY 3aii 3pyilHoBaHOTO peaktopa. Komm'totepHa monens
pamiamiitHoro crany HBK onmcana B [5] 1 sBsie co6oro TpuBumipHy (3D) moaens 3
BEJIMKOIO KUIBKICTIO PO3PaxXyHKOBHUX BY3J1B (Bl COTEHb THCSY JO MUIBHOHIB), 1110
JI03BOJISIE€ OJIEP>KYBaTH JIETAIbHI TPUBUMIPHI PO3MOIUIH BC1X HEOOX1THUX (PI3UIHHUX
mpoleciB 1 moJiB mux mnpoiueciB B 06’emax HBK. B Hamomy Bumaaky 1ie TerioBuii
ctad B KII, OO, OV 1 Bcix OymiBeTbHUX KOHCTPYKIISIX 3 (YHIAMEHTAMH 1 3EMJICIO
Ha TIMOMHY 15 M, a TakoXX PO3MOJUIM THUCKIB 1 MIBUJKOCTEH MOTOKIB CyXOro 1
BOJIOTOT'O TIOBITPSL.

Pamiamiiianii ananiz HBK no3Bonsie aHamizyBaTH 1 NpPOTHO3YBaTH JUHAMIKY
JokainbHUX BUKUAIB PA B pi3Hux yactuHax OV i Bcix OyA1BETbHUX KOHCTPYKIIN Mij
HBK Tta neranphi posmoainu konmeHtparii PA B OO 1 BukuaiB PA B Micisax
IPOTIYOK B HABKOJUIIHE cepenoBuiie. L{i moaeni 611b1 moBiibHI 32 0D Mopeni, ane,
K CKa3aHO BUIIE, Ha0arato iHhOpPMATUBHIIII 1 TOTEHIIIHO JO3BOJISIIOTH POBOAUTH
aHaii3 Ta nporuoszyBanHs nomupenas PA B OO Ta Bukunu PA 3a mexi HBK npu
pI3HHX POOOTax 3 BWIYYEHHSM DPa/lOaKTUBHUX MaTepiajiB, CIEHapisx aBapiil Ta
BIZIMOB OOJIaJHAHHS, HANPHKJIA] HaBeJAeHUX B [4]. ABTOpHM CTaTTI YCIIIIHO
3aCTOCYBaJIM Il MOJEl JJIsi aHalli3y Ta MPOTHO3YBaHHS JIBOX CIIEHapiiB 13 [4]
ctocoBHO BHUkuAIB 1 nommpeHHs PA B OO HBK Ta BukuaiB 3a Woro Mexi npu
oOBasieHH1 KOHCTpYKUIi OV 1 BHACIIIOK MOXKEX1 HA J1axy Malli3aa.

Destroyed
reactor

C=2600 Bg/m*

(0)
Puc. 4. JIxxepeno Bukuay PA B rieHTpaIbHOMY 3aj1i 3pyHHOBAHOTO peakTopa (a) Ta
posnonin kounentparilii PA B OO HBK micns 6 rogun Bukumy

Asmopu esadicaroms wo make MOOEI0BAHHS MOJHCe OYMU 3ACMOCOBAHO O] 8CIX
HeoOXIOHUX cyeHapiie asapiti ma 8i0Moe8 0O1aoHanus i3 [4], a makoc 0OHOUACHO |
asapiii pazom 3 8iOM0B0I0 0ONAOHAHHA, WO YIIKOM GIPOCIOHO Npu 00820MPUBAil
excnayamayii HBK. J[nsa nepconany HBEK maxi 3D modeni 3 wacom nomenyitino
MOJHCYMb OYMU MpeHaMdcepamu analisy i npoecHO3Y8AHHS O3HAUEHUX GUlye 3a0ay.
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BucHoBku

1. Herepmeruunicte HBK € ocHOBHOIO TpoGiemoro, sika MPU3BOJIUTH 10
HEKOHTPOJIbOBAaHUX BUKHUIIB MOBITPsA 3 PA (HM3bKOro BUKH]Y) B HAaBKOJIMIIHE
cepenoBuile 4epe3 npoTiuku B pizHux Micigix HBK. Butpatu mositps uepes 1
MPOTIKAHHS BUMIPIOBATH HE MOKJIIUBO.

2. Bupimenns uiei npobiemMu MoxUIMBE Jumie 3a jgonomoror 0D
KOMITIOTEpHUX MOJEJIe Ta MojeNtoBaHHs rigpasiiuHoro crany HBK mns
BU3HAYEHHS HU3bKOTO BUKUY MOBITps 3 PA 13 HBK B moBkiis.

3. Taki MozeTi MOTEHITIHHO JO3BOJISIOTH MPAIIOBATH B PEKUMI PEaTbHOTO Yacy,
Hagasatu onepatopy HBK BizyanbHy iHoOpMariito mpo HasBHI BUKHAU TOBITPS 32
mexxi HBK 1 B momameimomy 3meHIeHHS a0o0 3amoOiraHHs BHUKHIIB IIISTXOM
ONTUMAJILHOTO KepyBaHHA cucTeMoto BeHTusii HBK.

4. lpyroto npo6semoro excruryaTaiii HBK (cniyibHO 3 nepiioro) € HeoOX1HICTh
aHajizy 1 mporHo3yBaHHs ciieHapiiB nomupeHHss PA B OO ta BukuniB PA 3a mexi
HBK npu pi3Hux poOoTax 3 BHIyYEHHS pPaJl0aKTUBHUX MaTepiaiiB, CIIEHApIX 1
HACJIIIKIB aBapii Ta BIIMOB OOJIaJIHAHHS, a TAKOX KOMIICHCYIOUHX 3aXOJlIB 1010
3HIDKEHHS IIMX HAcHiAKIB (JOKyMeHT «Omuem no auanusy 6e3onachocmu
axcnayamayuu komnaexca "HBK-OVY", I'nasa 11, «Ananuz nomenyuanvHoulx asapuii
u obnyyenutin 295 c.).

5. Bupimenns 1€l npobiieMu MOXIMBE JuIIe 3a jgornomorow 3D
KOMM'IOTEpHUX MOJIeJied Ta MOJCNIOBaHHS, W0 JO3BOJSE aHali3yBaTh 1
MPOTHO3YBaTH AMHAMIKY JIOKalbHUX BUKUIIB PA B pi3Hux yactuHax OVY 1 Bcix
oyniBenbHUX KOHCTpYKUiM mig HBK Ta neranbhi po3noniiu konmentpaiii PA 8 OO
1 BUKUJIB PA B MiCIIIX TPOTIYOK B HABKOJIMIITHE CEPEIOBUIIIE.

6. Take MozeNIOBaHHS MOKe OyTH 3aCTOCOBAHO ISl BCIX HEOOXITHUX CLEHAPIiB
aBapiii Ta BIIMOB OOJIaJHAHHS, a TAKOXK OJHOYACHO 1 aBapiil pa3oMm 3 BiJIMOBOIO
oOnajHaHHs, 10 LIUJIKOM BIpOTiAHO npHu noBrotrpuBaiii excruryaranii HBK. [lns
nepconany HBK taki 3D mozeni 3 4acoM MOTEHIIIIHO MOKYTh OyTH TpeHaKepaMu
aHai3y 1 MPOTHO3YBAaHHS O3HAYCHUX BUIIE 3a]1a4.

7. Po3pobiieHi Mojiesni Ta MOJICTFOBAHHS BIAITPA€E BaXIJIMBY POJIb HE TUTBKH JIJIsI
aHamizy pamiamiitnoi 6esnexku HBK, mo BukiaaeHo Buiie, ajie B MaOyTHbOMY iX
mictie moske Oyt B ICY HBK miis ontuMansHOTO yIipaBIiHHS CUCTEMOO BEHTUJIALIT
3 METOI0 3HW)KEHHA pU3uKiB BUKuAY PA 3a mexi HBK.
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Annotation. The purpose of the work is to analyze the features of the operation
of the New Safe Confinement (NSC) and analysis of the physical processes that
determine these features, as well as the analysis of the internal state of the NSC and
its interaction with the environment. The long-term operation of the NSC (at least
100 years) is determined by thermodynamic, hydraulic and moisture physical
processes in the annular space (AS) of the NSC, and in the main volume (MV) of the
NSC, mass transfer (air - radioactive aerosols (RA)) processes are added, both inside
the NSC, and at the NSC-environment boundary. The problem of the NSC is its
leakage and, as a result, the presence of uncontrolled air emissions from the RA into
the environment through leaks in various places of the NSC. It is not yet possible to
measure the air flow through these leaks. Therefore, when dismantling the unstable
structures of the Shelter Object and extracting fuel-containing materials from the
destroyed reactor, a significant uncontrolled amount of RA will rise, spread into the
MYV and be thrown out of the NSC. The paper shows that such emissions from the MV
into the environment during the extraction of fuel-containing materials, as well as of
various accidents and of equipment failures, can only be obtained using models of
the physical state of the NSC. This shows the important role of modeling the radiation
state of the NSC, as well as the place of the models being developed in the system of
forecasting and optimal management of the NSC to reduce or eliminate the radiation
impact on the environment.

ANALYSIS OF THE SYSTEM FOR LIQUID RADIOACTIVE MEDIA
CEMENTING

Lys Stepan, Lviv Polytechnic National University, Department of Heat Engineering
and Thermal and Nuclear Power Plants, Lviv. E-mail: lysss@ukr.net
Alexander Kanyuka, Khmelnytskyy NPP, Khmelnytskyy. E-mail: lysss@ukr.net

The liquid waste management system includes the following systems: floor
water treatment system KPF10-60; system for temporal liquid radioactive fluid
storage (KPK system); liquid radioactive media concentration system (KPC system);
system for liquid radioactive media cementing (KPN system). Purpose of the
cementation plant is to transfer vat residue concentrate, used sorbents from water
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treatment filters and sludge to a solid monolithic product, suitable for burial. It is
multifunctional universal facility, which can be used for solidification of 6 types of
liquid radioactive waste by sealed cement mix receipt (tank, container) with help of
components mixing by fastened dipped mixer. The plant functions in all normal
operating conditions, including start-up and shutdown of the Unit, if necessary. In
anticipated operational occurrences and emergency conditions not related to loss of
power the system can perform its functions depending on nature of violations. The
system provides cementation of vat residue concentrates and sludge in all normal
conditions of the Unit in accordance with system functions.

Keywords: liquid radioactive waste, system for liquid radioactive media, liquid
radioactive media cementing, cementation plant, water treatment filters.

Introduction

Purpose of the cementation plant is to transfer vat residue concentrate, used
sorbents from water treatment filters and sludge to a solid monolithic product, suitable
for burial. It is multifunctional universal facility, which can be used for solidification of
6 types of liquid radioactive waste by sealed cement mix receipt (tank, container) with
help of components mixing by fastened dipped mixer [1].

Major functions of the plant [1] are:

— supply of cement;

— preparation of sorbents and sludge;

— preparation of salty concentrate of vat residue;

— cementation, including supply of additives (bentonite clay).

The given technology was chosen, based on working properties analysis of
cementing facilities.

Requirements for functions to be implemented [1-3]:

— quality of cement compound should meet requirements to radionuclide leaching
rate being less than 107 g/cm? per day;

— cementation of vat residue concentrate, sorbents and sludge, and packing of final
product in 0,2 m*drums;

— the plant design should assure safety of personnel during concentration and
maintenance, as well as easy service.

Design criteria
The system provides cementation of vat residue concentrates and sludge in all
normal conditions of the Unit in accordance with system functions. Capacity of the
cementation plant is up to 9 drums of 200 liters each per shift, estimated by time of
cementation [1].
According to [2] SPAS-88/93, the liquid radioactive media fall into three
categories by degree of activity:
- low-active - less than 3,7-10° Bg/l
- medium-active - 3,7-10° Bg/l to 3,7-10'° Bq/l
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- high-active - over 3,7-10'° Bg/I

NPP does not generate high-active liquids.

Calculated quantity of medium-active sorbents from water treatment filters is
7,5 m’/year from one Unit. Volumetric activity is up to 2,18-10'2 Bg/m?. Calculated
quantity of sludge is 10 m?/year from one Unit, volumetric activity is up to 3,3-10"!
Bg/m®. Calculated quantity of vat residue concentrate is 50,5 m*/year (concentration -
800 kg/m?) from one Unit from water treatment systems and laundry waters, volumetric
activity is 4,4-10'? Bq/m’. Calculated quantity of spongy titanium powder is 0,8 m*/year,
volumetric activity is up to 4,9-10'! Bq/m>. Calculated quantity of low-activity sorbents
from the water treatment filters is 4,5 m?/year from one Unit, volumetric activity is
3,31:10% Bg/m® [1, 4-7]. Liquid radioactive media entering the plant, quantities and
volumetric activities are given in Table 1.

Table 1. Liquid radioactive media entering the plant, quantities and volumetric
activities [1]

Description of liquid radioactive media Quantity, Volumetric activity,

m’/year Bg/m?

Vat residue salt concentrate from water 40-50,5 4.4-10"

treatment system and laundry (concentration

- 800 kg/m?)

Middle-activity sorbents (resins) 7,5 2,18-10"

Low-activity sorbents (resins) 4,5 3,31-108

Sludge (from hydraulic cyclone) 10,0 3,3-10!"

Spongy titanium powder 0,8 4,9-10"

Maximum calculated quantity of salt concentrate to be put in one drum for
cementation is 100 kg by salts. Maximum calculated quantity of medium-activity and
low-activity resins, sludge and spongy titanium powder is 60 kg by dry product.

Cementation plant will use port land cement or port land blast furnace cement as
binding agent and bentonitic clay or raw clay as additives. Binding mass ratio is
5:1...10:1 depending on bentonitic organics quality in the source product [1]. For
cementation it is recommended to use industrial port land cement or port land blast
furnace cement 400 or 500.

Bentonite clay (GOST 28177-89), used as a sorption additive to cement have the
composition as follows (e.g. M4T1K bentonite) (% mass): SiO; — 50,7; Sifixed — 12,2;
ALO; — 14,9; Fe, O3 — 4,7; FeO — 1,0; TiO, — 0,6; CaO — 8,8; Mg — 2,6; SOs — 0,6;
Na,O+K,0 — 3,0; organic products — 1,6; losses during calcination —12,2.

Sampling of cement product from filled barrel is envisaged to check the quality of
the product obtained. The quality of the product shall meet the technical requirement.
According to the technical requirement, the main criteria of cement compound quality
are as follows [1]:
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- Allowable specific activity of the compound with respect to nuclides is no more
than 103 Ci/g.

- Leaching rate for CS-137 and Sr-90 radionuclides, no more than 107 g/cm? per
day.

- Mechanical strength (compression strength limit) more than 5 MPa.

- Radiation stability — after irradiation with the dose equal to 10® radian, the
mechanical strength does not decrease below 5 MPa.

- Water resistance — after 90 days immersion in water, the mechanical strength does
not decrease below 5 MPa.

If the cementation process parameters are selected properly, it is possible to obtain
compounds with up to 17 % mass content. (60 kg per 200 1 barrel) of ion-exchange
resins or up to 25 % mass content. (100 kg per 200 1 barrel) of salt concentrate dry
residue, with a quality meeting the accepted regulatory requirements.

Such compounds have compression strength more than 50 kg/cm? and its reduction
during continuous contact with water does not exceed 25 %. The presence of 5-10 % of
bentonitic clay in the binding agent will not cause a considerable increase of
radionuclides leaching in case of loss of integrity of a cement block.

High alkalinity (PH is more than 11) of liquid radioactive waste that is included in
the cement matrix and porous liquid of cement stone, prevent bacteria growth and rule
out biological degradation of the solidified waste [3].

Accepted quality criteria ensures safety during product temporary storage,
transportation and disposal in near-surface or shallow burials.

The cementation plant generates Group I and II solidified waste according to
[2] SPAS-88/93, at a rate of:

— group I is 30 drums a year from one Unit;

— group II 1s 501 drums a year from one Unit, from the water treatment system
and after processing of laundry waters.

The system is provisioned with instrumentation for control and monitoring of the
system during operation of the Unit. Due to lack of liquid radioactive releases in KPN
system this system does not affect the radiation situation at and beyond the site
boundary.

Safety, seismic categories and quality group classification

System components (except the cement preparation and supply unit), containing
radioactive substances with activity 3,7 x 10® Bq/m? and more, are safety-related normal
components [1, 4, 5] and belong to:

— Class 3 according to OPB-88/97 (classified designation is 3N);

— Group C according to PNAE G -7-008-89;

— Seismic Category IIb according to PNAE G -5-006-87.

System components (cement preparation and supply unit), containing media with
activity less than 3,7x10® Bq/m?, are components of non-safety normal system [1, 4, 5]
and belong to:
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— Class 4 according to OPB-88/97;

— Seismic Class III according to PNAE G-5-006-87.

In case of a failure of equipment or pipelines (not referred to higher Classes for
some other criteria) that contain process media with total activity of 3,7x10® Bg/m?, the
exposure dose rates for the personnel and the public will not exceed the prescribed
values for the normal operation condition. Thus, the requirements set forth in OPB —
88/97 are met [4]. For flushing of pipelines, transporting radioactive high-salt solutions
it is provided distillate supply.

Design features serving to reduce maintenance

Operational usage factor of this system is 0,95. Meantime between failures is
10,000 hr. Meantime of restoration of operational condition is 200 hr [1].

For prevention of radioactive release to the building atmosphere, the process
equipment containing radioactive substances is under vacuum of 0,005 MPa.

The exhaust ventilation system of working areas, wherein equipment of the system
1s located, is equipped with iodine-retention and aerosol-retention filters.

All the liquid radioactive media tanks are having provision for protection against
overflow. Each tank is equipped with two level gauges with 100 % redundancy to
preclude overflow in case of failure of one of these.

The design provides for interlocking of automatic closure of gate valve on medium
supply line to the system tanks by signal from attaining of the preset level.

An operator error or failure of equipment is registered and alarmed by the
monitoring hardware, in working mode the system operation is automatic (except for
plant start-up operations). Thus uncontrolled releases of radioactivity to the environment
are precluded.

Description of the system

General diagram of the cementation plant is given in Figure 1 [1].

For functioning of KPN system the following systems should function:

— LBG 10-70 ensures steam supply for vat residue concentrate tanks and pipelines
heating;

— KPM40 ensures blow-off removal from the system equipment;

— compressed air of system is supplied through the KPC system for media mixing
in the tank equipment ;

— normal power supply systems supplies power to motor actuators of the system;

— control and monitoring systems provide design functioning of the system, taking
into account the following.
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Fig. 1. General diagram of the cementation plant.

Monitoring instrumentation is provisioned for control and monitoring of the
system in normal operation. Warning information about variation of parameters
within operating limits displays to the personnel, and the personnel carry out
corrective actions. Deviations of more important parameters in design limits are
alarmed and registered by emergency alarms.

Operator 1s able from the control panel room to monitor through the shield
window operation of the blender, the drum filling device, drum transporter and
compactor.

Cementation of vat residue salt concentrate from the concentration plant, spent
sorbents, sponge titanium powder and sludge is conducted separately.

Vat residue salt concentrate from the concentration plant KPC by gravity, spent
sorbents, sponge titanium powder and sludge from the KPK system via pressure
pipelines are delivered in one of the liquid radioactive media tanks KPN10BB0O01,
KPN10BB002, where they are accumulated for further transfer for cementation. To
maintain uniform media in the liquid radioactive media tanks, it is heated, mixed
with a mixer, and bubbled with compressed air.

Delivery to the measuring tank KPN10BBO003 is performed by means of
pressure with compressed air. Further, radioactive fluid from the measuring tank is
delivered into the barrel KPN40BB001 with cement mix via the loading facility
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KPN30AKOO1 to obtain cement compound. The process of mixing with cement is
conducted directly in the barrel with the help of an unextractable mixer.

After delivery of first batch of sorbents and sludge into the measuring tank
KPN10BB003, the transport water is decanted. Then, a new batch is delivered and
exceess transport water is decanted. The process is conducted until the required
liquid-solid phase ratio is obtained.

The tank equipment includes process blow-off pipelines.

Gas cleaning filter KPN10ATOO01 ensures prification of gas from radioactive
aerosols. Temperature of gases discharged into the ventilation system does not
exceed +60 °C.

Cement and additives required for LRW solidification are stored at the
warehouse. Before starting the work, the required number of bags with cement and
additives is filled into the cement bunker KPN20BBO0O1 and additives bunker
KPN20BB002.

The workplace for cement bunker KPN20BBO001 loading is equipped with a
dust trap KPN20ATO001. Cement bunker and additives bunker are connected with a
pipeline which is used for dust removal from the dust trap during additives loading
into the additives bunker.

The dust trap is equipped with a self-cleaning filter.

An empty barrel is loaded through the sluice on transport line. The cover is
removed from the barrel.

After generation of a signal to the cement line control board, cement at a rate of
up to 200 kg in 5...10 minutes and the additives at a rate of 30 kg in 2...5 minutes
are transported into the barrrel by means of screw feeders.

Further, all operations are performed automatically.

A signal is fed to the solidification plant control board, that the empty rail trolley
KPN30AEQ004 is in position in the lock KPN30ABO0O1, secured against overturning
and is ready to take the barrel with cement. A signal is sent to open the slide valve.
With the help of handling device the barrel is lowered on the rail trolley, and secured.
An order is generated to relase the grip with the barrel. Further, a signal is produced
to lift the grab and leave the lock area. The slide valve closes. The drive of the drive
station KPN30AWO0O1 is started and the rail trolley moves to the manupulator area.
The operator produces a signal to stop the trolley. The trolley is stoped and secured
against overturning. A signal is generated to the solidification plant control board,
the drive of the drive station is started, and the rail trolley with a barrel is delived to
the loading facility position

At the loading facility, its moving portion is lowered and tightly secured with
the barrel. An order is sent from the control board to open a stop valve in the vat
residue concentrate pipeline, sorbent or sludge pipeline. Stop valve in the blow-off
pipeline also opens. Liquid radioactive media flows from the measuring tank into the
barrel with the help of compressed air. The amount of liquid radioactive media in the
measuring tank is sufficient from mixing one barrrel. Cement and additives are
supplied by means of screw feeder from bunkers to the measuring tanks unit, where
they are weighed. Portions of cement and additives are supplied from the measuring
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tanks unit to the mixture measuring tank. By means of the screw conveyor, cement
and additives are supplied to the barrel from the mixture measuring tank. After the
liquid radioactive media barrel is filled with dry mixture (cement + additives), the
electric drive shaft is engaged with unextractable mixer of the barrel. The drive is
started and the radioactive fluid mixing with cement begins.

After receiving cement compound, the drive 1s disconnected, the electric drive
shaft is disengaged from the mixer. An order is given to disengage the loading facility
from the barrel. The moving part of the loading facility raises and releases the barrel.
The residues of liquid radioactive fluid, dripping from the bottom portion of the
loading facility are trapped with a drip pan withdrawn for this purpose. After that, an
order is given to release the trolley from the clamps, the drive of the drive station is
started and the trolley is returned into the manipulator KPN30AEOO3 operation
position

The operator produces a signal and an order comes from the solidification plant
control board to stop and secure the rail trolley. Further, with the help of manipulator,
the operator covers the barrel with a cover. The barrel moves under the cover closing
unit, the barrel cover is closed. A release order is produced, the drive of the drive
station is started and the rail trolley with the barrel filled with cement compound is
transported in the electrical hoist operation area.

With the help of the grab KPN30AEO002, the barrel is retained for the cement
compound cooling for the time prescribed by the regulations. Further, the barrel with
cooled cement compound is transported for temporary storage to the building UKS.

The design envisages cement compound sampling with the help of manipulator.
To this end the rail trolley is equipped with a pad with a sampling bottle arranged on it.

The operator can monitor through sight windows all operations related with
barrel opening/closing, barrel connection/disconnection with the loading facility,
electric drive shaft connection with mixer, barrel filling, cement compound sampling.

Instrumentation and control system which is provided in the cementation plant
ensures remote control and monitoring of the equipment operation.

The cementation plant is made of a number of modules transported by road, rail,
air and water transport.

Conclusion

The proposed cementation plant is to transfer vat residue concentrate, used
sorbents from water treatment filters and sludge to a solid monolithic product,
suitable for burial.

It is multifunctional universal facility, which can be used for solidification of 6
types of liquid radioactive waste by sealed cement mix receipt (tank, container) with
help of components mixing by fastened dipped mixer.

The plant functions in all normal operating conditions, including start-up and
shutdown of the Unit, if necessary.

In anticipated operational occurrences and emergency conditions not related to
loss of power the system can perform its functions depending on nature of violations.

The system provides cementation of vat residue concentrates and sludge in all
normal conditions of the Unit in accordance with system functions.
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Capacity of the cementation plant is up to 9 drums of 200 liters each per shift,
estimated by time of cementation.
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HEPEMIINYBAHHA PAJJIAKTUBHO 3ABPYJIHEHUX PEYOBHUH B
MPOBJIEMI 3ABE3INEYEHHSA PAJIAIIMHOI BE3NEKU

Mawunicmos Bikmop, banaxin Banepiti, Pomanvro fpocnas, Mewxoea Anorcenika

[HCTUTYT TPOMUCIIOBUX Ta O13HEC TEXHOJOTTH YKPaiHCHKOTO JIePKaBHOTO
YHIBEPCUTETY HayKH 1 TeXHOJIOT1H, M./{Himpo, nmetau.edu.ua

AHortanisi. [lokazaHa MOXJIMBICTH 3a0e3NeueHHs padialiiHol Oe3neKku
TBEPAUX PEUYOBHH, 13 AKUX CKIAAAIOThCA 00’€KTH HABKOJUIIHHOTO CEPEIOBHUINA, 3
3a0pyTHEHOI0 PaJI0OAKTUBHUMM PEYOBMHAMU TOBEpXHEI. 3a3HaueHa MpobiiemMa
BUPIIIYETHCS MIJITXOM BUKOPUCTAHHS BJIACTUBOCTI MPUPOIH 10 TPOTUPAAIAI[iHHOTO
CaMO3axuCTYy.

J1J1st HOBEpHEHHSI B TOCIIOIAPCHKUI 00IT peHOBUH, 13 IKMX CKJIAJIal0ThCs Oy T1BIII
1 crnopyau, 1o 3a0pyAHEH1 paaiOHyKJiJaMU, MPOIMOHYETHCS iX JEMOHTYBATH,
pO3ApiOHUTH 1 OTPUMaHy Macy mepemimaty. [[puHIMnoBa MOKIUBICTD peami3altii
TaKOTO CIOCO0y 3a0e3neuyeThCsl IEPETBOPEHHSIM OBEPXHEBOTO 3a0pyAHEHHS ITHX
00’ekTiB B 00’€éMHE 3 PIBHOMIPHMM pO3MOALIOM pPaAiOHYKJIiAIB MO BCii Maci
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3a0pyJHEHOI pe4OBUHU. TaKUM e CaMUM 3aJIMIIaThCs e pO3MoALT 1y BUpoOax,
BUTOTOBJICHHX 13 OTPUMaHOI CHPOBHHH.

B pesynbrati BTiICHHS 3alIPOMOHOBAHOTO TMiJAXOMY B MPAKTHKY CTBOPIOETHCS
MOXJIMBICTh TIOBEPHEHHS B TOCIOJAPCHKHI OOIr BEIUKHUX 00’ €MIB Pa/iiOaKTUBHO
3a0pyAHEHUX MaTepiajiiB Ta X 3HEMIKO/KEHHs Ha 3a0pyAHECHUX TEPUTOPISX.

Karw4oBi cioBa: pamiariiina Oesneka, JAe3aKTUBAIlis, PajilOaKTUBHO
3a0pyAHEH1 PEYOBUHU, TTIEPEMIIITyBaHHS.

Beryn. B mporieci BupoOHHYOT AiSUTBHOCTI HAa 00’ €KTax SACPHOT CHEPTeTHKH,
BUBEJICHHS 1X 3 eKCIUTyarTalii Ta Mpy aBapisiXx Ha HHUX, Ma€ Miclie 3a0pyaHEHHS
pPamiOHYKIIIJTaMA PEYOBUH, 13 SKUX CKIAJAIOThCS BCi 00’€KTH HABKOJMIITHHOTO
cepeaoBumia. 3okpema, npu apapisix Ha AEC 3 BUKHIOM B HABKOJIUIITHE CEPEIOBUIIIEC
PAIIOHYKJIIIIB CTBOPIOIOTHCS 30HM, Ha SKUX 3HAXOJIUTHCS BEJIMKA KUIBKICTh
3a0pyIHEHUX PAJIOHYKIIJaMU JKUTJIOBUX, AJAMIHICTPATUBHUX Ta IMPOMUCIOBHUX
OyJiBeNb 1 COPY, TPAHCIIOPTHHUX 3aC001B, TEXHOJIOTTYHOTO 00JIaJHAHHS 1 TEXHIKH,
SK1 BUKOPUCTOBYBAJIMCH MPH JIKBIAAIT HACHIIKIB aBapii, TOIIO.

3a0pyaHeHHs TepUTopiil Ta 00’ €KTiB 00yMOBJICHE HacaMIlepe1 3a0pyTHEHHIM
nesieM-137, skuii €  JpKepelioM  HeOEe3MEeYHOro  raMma-BUIIPOMIHIOBAHHS.
[lepeBulieHHsT TIOKa3HHWKIB 3a0pyJHEHHS TOBEPXHI OO0 €KTIB TEXHOTEHHOTO
MOXO/PKCHHSI  PaJlOaKTUBHUMH  pPEYOBHMHAMHU  BHUIIE  JOMYCTHUMOIO  PIBHA
YHEMOXJIMBITIOE 1X MOAAJbIIIe BUKOPUCTAHHS 3a MPsIMUM Iipu3HadeHHsM. Li 06’ exTu
MOBUHHI BUBOJMUTHCS 3 00iry, 110, B CBOI 4epry, MoTpedye BUPILICHHS HU3KHU
NMUTaHb IIOAO OpraHizamii ix yTuiizaiii, 30epiraHHs, 3aXOpPOHEHHS, a TaKOXK
3a0e3MeueHHs] pajialiiiHoi Oe3MeKH HacelleHHd Ta TEepCcoHaldy OO0’ €KTIB,
HEJOMYIIEHHS TOAaTKOBOTO paiaiiiifHOro 3a0pyJHEHHs IPUPOJTHOTO CEPEOBHIIA
B MICIISIX iX 3HaXO/KeHHs. Bcee 11e morpedye 3HaYHMX MaTepiaabHUX 1 (PIHAHCOBHUX
BUTpAT.

VY 3B’SA3Ky 3 UM, OCOOJMBOI aKTyallbHOCTI HaOyBa€ 3aBAaHHS JIKBIIaIlii
HACJIIKIB pajialiiHuX aBapiid, OUUIIICHHS B PaAiOHYKIIIIIB TEPUTOPiH 1 00’ €KTIB 3
METOI0 3a0€3MEeUEeHHS] MOMJIMBOCTI 1X MOJAJBIIIOT0 3aCTOCYBAHHS B IPOMHUCIIOBOCTI,
OymiBHMIITBI Ta IHIIUX c(epax TEXHOTEHHO! IISIBHOCTI B SKOCTI BTOPHHHOI
cupoBuar. He moxHa He BPAXOBYBATH 1 Taki acmeKTH, SK MIABUIICHHS PIBHS
HaI[lOHATBHOI O€3MEeKH, OCKUIHKM CTAIOTh HEMOXJIMBUMHU HaMaraHHs MOTEHIIMHUX
3JIOBMHUCHUKIB BUKOPHUCTOBYBATH SIZIEPHI BIAXOAM JIJISl IAHTAXKY .

OcHoBHa wactuHa. [l Toro, mo0O NOBEPHYTH B TOCHOAAPCHKUI 00Ir
3a0pyaHEH] paJioOHYKIiJaMU PEYOBUHU, HEOOXITHO CTBOPUTH YMOBH, NMPHU SKUX
J0IU OyIyTh 3aXHUINEH] BiJ IIKIAJIMBUX HACIIJIKIB BIUIMBY IIUX 30BHIIIHIX JKEPE
10HI13yI0YOT0 BUITPOMIHIOBAHHS.

OgHuM 13 OCHOBHMX MPUHLMIIB MMOOYJOBM paiialiiHoi Oe3neku Ta
MPOTUPAAIAIIAHOTO 3aXUCTy, 30KpeMa B yMOBax Mi3HBOI (asu KOMYHaJIbHOI
pamiariiinoi aBapii, 3riiHO 3 [1], € 3acToCyBaHHS MPOTUPAMIAMINHNX 3aXOJIIB IS
0OMeKeHHs 1HAMBIAYyalbHOI 103U OMPOMiHIOBaHHA. OTHUM 3 6a30BHX KOHTP3aXO1B
€ JIe3aKTHUBALlisl TEPUTOPIii, OyIiBETh Ta CHOPY /I IIIXOM BUATICHHS PallOHYKIIIIIB,
110 3a0PY/IHIOIOTh 1X MOBEPXHIO.
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HeratuBumii BIUIMB Ha IIOAWHY THX pPaaiOHYKIiJIB, MO0 3a0pyIHIOIOTH
pEUYOBHHY, OOYMOBJICHUH J[1€I0 CTBOPEHOTO HUMH 10HI3YyIOUOT'O BUIIPOMIHIOBAHHS.
Lle mae Miciie mpy BUKOHAHHI IBOX YMOB: TOJ1, KOJIM JIFOJIMHA 3HAXOJUTHCS B 30HI
Jii bOTO pajiiaiiHoro (PakTopy 1 He 3aXUIleHa Bl HHOTO.

Ane moTpiOHO MaTH Ha yBa3l, IO HASABHICTh PaJI0AaKTUBHOIO 130TOIMY B
cepeloBUIlll TepeOyBaHHs JIIOJICH HE 3aBXKJAM O3HAYa€ HASBHICTh HEOE3MEKH st
HUX. PamioHykimian BiIpI3HSAIOTBCS OJWH BIJ OJHOTO BHJAMHU 10HI3YIHOYOTO
BUIIPOMIHIOBaHHS Ta piBHIMH ioro eneprii. Kpim Toro, oiHakoBa akTUBHICTH Pi3HUX
palioaKTUBHUX €JIEMEHTIB HE O3HAYa€ OJMH 1 TOU e PIBEHb iXHHOI1 HEOE3MEKH.

Bimomi Metoau 3He3apakeHHs 3a0pyJHEHHX paJiOHYKIIAaMH PEUYOBUH
XapaKTepPU3yIOThCS HEBUCOKOIO €()EeKTUBHICTIO

B3arai npoBOauTH J1€3aKTUBALIIIHI POOOTH HE 3aBXKIU JIOLIIBHO 1 MOXJIHMBO.
[Ipy 1bOMy HE Mae€ HISKOTO CEHCY BHUBOAMTH 13 30HU MepeOyBaHHS JOJEH
PAAIOHYKIIIJIU, SIKI HI NPU SIKUX YMOBax HE CHPUYUHATH 3arpo3u 340POB’I0 JIFOJIEH.
Jlo TOro X, N€3aKTHUBAlllsl € CKJIaJHUM Ta €KOHOMIYHO 3aTPAaTHUM 3aXOJ0M, IpU
BUKOHAHHI SIKOTO CTBOPIOIOTHCSI HOB1 PaJl0aKTUBHI BIIXO/IH.

CuiBpoGiTHukamu Y IYHT nponoHyeTbes miaxia, sSSKUid J03BOJISIE TOBEPHYTH
B MPOMUCIIOBE BUPOOHHUIITBO, B SIKOCTI BTOPUHHOI CUPOBUHH, PEUOBUHH, 13 SKHUX
CKJIQJIAI0ThCs 3a0pyAHEH1 pallOHYKIIIaMU TEXHOT€HHI 00’ €KTH.

OcHOBOW TiaX0may, SKUH BHUKJIAACHUNW B [2], € BIACTUBICTH NPUPOIH JI0
BHYTPIIIHBOTO MPOTUPAIIAMIMHOTO CAMO3aXHUCTy, OCKUIBKA 3aKOHHU, SKUM
MIAMOPSIKOBY€ETbCS i ICHYBaHHS, YCYBalOTh BIUIMB Ha JIIOJMHY TaKOro
HeOe3neyHoro ¢GakTopy SK 10HI3yro4a pajiaiis. 30KpemMa, BAKOPUCTOBYIOThCS Taki
MPUPOJHI SBUILA, SIK MEPEMIIIYBaHHS PEYOBHH, 13 SKUX CKIIAJA€ThCSA CEPEIOBHILE
nepeOyBaHHs JIIOAVMHU Ta MOTJIWHAHHS 10HI3YIOUOIO0 BUIIPOMIHIOBAHHS MpPU HOTO
MOIIMPEHHI B LILOMY CEPEIOBHUILII.

HaouHnoro imtocTparii€ro 34aTHOCTI MPUPOJU JI0 CAMO3aXUCTy € caMm (akT
ICHYBaHHS XKUTTS Ha 3eMI, B yciX cdepax sikoi (mitocdepi, rigpocdepi, armochepi
1 6locdepi) MICTUTHCS BEJIMKa KUTBKICTh PAAIOHYKIIIB. SIkOU HE OyJI0 MOTIMHAHHS
raMMa-BUIIPOMIHIOBaHHS B iXHIM pEUOBMHI Ta ii MepeMilTyBaHHS, TO MiJ JI€I0
KPUTUYHO BHUCOKOTO PIBHA pajiailii, CTBOPEHOr0 BCiMa IMMH €JIEMEHTapHUMU
BUIPOMIHIOBaYaMH, JIIOJIMHA, IO 3HAXOIUTHCS Ha 3€MHIN MOBEPXHI, HE 3Moria 0
BUKUTH.

[ToBepHEHHsI B rocnoJapChbKuid OOIr PEYOBHH, 3 SIKMX CTBOpPEH1 OyAiBil Ta
CIIOPYZIH, 3 3a0pYyIHEHOI PAJIOHYKIiaMU TMOBEPXHEI0, MOXJIMBE IUIIXOM iX
JEMOHTa)XXy 3 HACTyIHUM MOJPIOHEHHSAM iX MaTepialliB A0 PO3MIpiB LICOHIO Ta
nepeminryBaHHsM. [IpUHIMIIOBA MOMXIMBICTH —peajizailii Takoro Crocooy
3a0e3Meuy€eThCs TMEPETBOPEHHSIM TMOBEPXHEBOTO 3a0pyJHEHHS LUX OO0’€KTIB B
00’€MHE 3 pIBHOMIPHUM PO3MOJILJIOM PAJIOHYKIIIJIIB [0 BCbOMY 00’ €My CTBOPEHOTO
npu noApiOHEHH1 MaTepiany. TakuM caMuM 3aJIUIIAETHCS LIeW pO3MoIii 1y BUpoOax,
BUT'OTOBJICHUX 13 II€E] CHPOBUHU.

Pagionykmian, 1m0 3HAaXogAThCA B 00’eMi  OTpPUMAHOi  MPOIYKILi,
MPEACTABISIIOTE  COOOK0  €IEMEHTapHI  130TPOINHI  JKEpesa  10HI3YHUYOro
BUIIPOMIHIOBaHHS PI3HUX BHIIB. Anbda 1 OeTa-BUIPOMIHIOBAHHS MPAKTUYHO
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MOBHICTIO TOTJIMHAIOTHCSA B ii 00’eMi. 3a Mexi BUPOOiIB, BUTOTOBJICHUX 13 i€l
CUPOBUHHU, BHUXOJUTh TI'aMMa-BUIIPOMIHIOBAHHS JIMIIE THX PAJTIOHYKIIAIB, SKi
3HAXOMATHCS B MOBEPXHEBOMY IIapil MEpeMilIaHOi peYOBUHU TOBIIMHOIO JEKIIbKA
CaHTUMETpiB. B  pe3ynapTari ICTOTHO 3MEHIIYETHCS PIBEHb 10HI3YIOUOTO
BUIPOMIHIOBaHHS 3 TTOBEPXHI BUTOTOBJIEHOT MPOAYKIli B MOPIBHAHHI 3 TUM, SIKUM
BiH OyB JI0 IEpeMIIITyBaHHS.

Jns1 3a0e3nedeHHss pagialiifHol Oe3MeKy BUX1THOT MPOYKIIii KiJIbKICTh FaMMa-
BUIIPOMIHIOIOUHX PaJIIOHYKII/IB, IKa MOXe OyTH B 00’€Mi rOTOBOI MPOAYKIIii, HE
MOBUHHA TIEPEBUIIYBATH JOIyCTUMOTO 3HaYCHHS. BOHa BU3HAYAETHCS 3a3MaIeTib 1
PO3pPaxOBYETHCS 32 METOAMKOIO, IO PO3poOJieHAa B paMKaX BHKOHAHHMX aBTOPAMU
JOCTIIKEHb.

Jns Toro 1mo0 HOBOCTBOPEHI JKepena SK MPUPOJHOrO, Tak 1 INTYYHOIO
MOXOJ/DKEHHsT Oynu  Oe3nmeyHuMH, HEOoOXigHO 3a0e3meuyuTd, 100 piBEHb
CTBOPIOBAHOTO HUMH 10HI3yIOYOTO BUIPOMIHIOBAHHA OYB CIIBMIDHUM 3 pPIBHEM
IpUPOAHOTO pajiamiiHoro ¢Gony. OTxe, PUPOAHUNA padialliiHuil (OH € KpUTEpIEM
pamiamiiHoi Oe3neku B ICHYIOUIM CHUTyallli BIUIMBY SK TEXHOT€HHHUX, TaK 1
MPUPOIHUX JIKEPEIT BUIPOMIHIOBaHHS Ha JIFOJICH.

VY GaraThox BHUMaAKax BUOIp TPAaHUYHOTO 3HAYEHHS MOTYXHOCTI €()eKTUBHOI
703U, 32 SIKUM OIIIHIOETBCS pajiariiiHa oO0CTaHOBKa, IO CKJIAjacs, 3aJeXHUTh BiJ
KOHKPETHOI CUTYyallii iICHyto4oro onpomMinenns. Hanpukian, B Ykpaiti, a Takox y
0aratbOX IHIIMX KpaiHax JAOMYCTUMUN pPIBEHb IMOTY>KHOCTI MOTJIMHEHOI J103H B
NPUMIIIEHHSX JKUTIOBUX Ta MPOMUCIOBUX Oy/AiBEIb BCTAHOBJIIOETHCS BIAMOBIIHO
Ha piBHiX 0,26 Mk3B/roa Ta 0,44 MK3B/ToA 3 ypaxyBaHHAM MpUPOIHOro (ony [1].
Hupextusoro 2013/59 EURATOM [3] BuzHaueHo, o A1 00JiaJHAHHS, IKE Ma€ y
CBOEMY CKJIaJll 3aKpUTE JIPKEpeENIo, 11eH piBeHb nopiBHIOE 1 Mk3B/Toa Ha BiacTaHi 0,1
M BiJl HalHOmmx4oi noBepxHi. B «OCHOBHUX caHITapHUX MpaBwiax YKpainuy [4]
BCTAHOBJICHO, 1110 TBEPJ1 MaTepiaju 13 HEBIJOMUM PaIIOHYKIIIHUM CKJIaJIOM Ta
HEBI1JIOMOIO IMMUTOMOIO AaKTHUBHICTIO HE BIIHOCATBHCSA 1O PaJTI0OAKTUBHUX BIAXOJIIB,
SKIO TOTY>KHICTh TOTJIMHEHOi 103U, BuUMipsitHa Ha Biactani 0,1 M Big iXHBOI
MOBEPXHI, HE TIepeBuIye 3HaueHHs 1 mxl'p/rox.

Brue Buty po3noauty 3a0pyaHIOI0UUX 00'€KTIB pallOHYKIIIIB HA BETUUNHY
MOTY>KHOCTI JI0O3W BUIPOMIHIOBAHHS 3 WOrO0 TIOBEPXHI TMPOLTIOCTPOBAHO 3a
JIOTIOMOT'OK0 PUCYHKY 1.

Ha oMy pucyHky nokazaHui 00'€KT, BUTOTOBJIECHUHN 3 130TPOMHOI PEYOBUHU
y Bursai KybGa 3 pebpom d i muomero onmiei 3i cropim S = d?. Ha puc. la,
MpEeACTaBICHUM 00'€KT, Y SIKOTO CTOpOHA S pIBHOMIPHO 3a0pyaHEHA aKTUBHICTIO Q.
OCKilbKM B LLOMY BMIAIKy IOBEPXHEBA AKTUBHICTh (uos = Q/S, Br/M%, ToO,
MOTYKHICTh 03U TaMMa-BUIIPOMIHIOBAHHS 3 I[1€1 TUIOUIMHU J0piBHIOBaTUME [2]:

27:-KV-Q

Enoef:T. (1)
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Puc. 1 Inlocmpayia 3anexcHocmi nOmysi#cHoCmi 2ama-eunpoMiHIO8AHHS 3 NOBEPXHI
00 ’ekma 8i0 6uda po3nooileHHs padioHyKIi0I8: a) nosepxHese 3a0PYOHEHH S,
0) 06 ’emHe 3a6pyOHeHHs.

SIKIIO 110 TTOBHY aKTUBHICTH Q PO3MOAiIKMTH PiBHOMIPHO B 00’ eMmi V = d M,
ILIAXOM IIEPEMIIIIYBaHHS PEYOBMHHM, TO 00 €MHA aKTHBHICTb (os = Q / (S - d), Br/M?,
TO BUPA3 JJIsl HOTYKHOCTI1 03U BUITPOMIHIOBAHHS 3 IOBEPXHI LIbOTO 00'€KTA, y TOMY
YHCII 1 3 TUIONMHM S Ma€e BUTTIA [2]:

o 27 Ky- Q- d(),s

2
0,693-S-d @)

ne dos — TOBIIMHA IIapy MOJIOBUHHOTO OCHA0JEHHS PEYOBHHH 00'€MHOrO
JoKepena, M.

Ieit Bupa3 crnpaBeyiMBUl 3a YMOBH, SKIIO d > 4do s, 1110 MPAKTUYHO 3aBXIU
BUKOHYETBCH.

3 METOI0 CHIBCTaBJIEHHS MK COOOI0 3HAa4eHb NOTYXHOCTI JI03M TraMma-
BUIPOMIHIOBAHHS 3 IUIOIIUHOIO S OJHOTO U TOro X 3a 00’eMoMm V jpkepena, 110
CTBOPIOIOTHCSI aKTUBHICTIO Q SIK JUIsSl TOBEPXHEBOTO, TaK 1 00’ €MHOTO PO3MOALTY ISt
MOBEPXHEBOr0 Ta 00'eMHOTO po3noauty (puc. 1), micias HEeCKIaTHUX TEePETBOPEHb
OTPUMAEMO CITiBBITHOIICHHS:

[ noe d
—=0,693——.
F00 dy | 3)
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SAx BunHO 3 (3) mepeBeAeHHS 3a0pyIHIOIOYNX MOBEPXHIO OyAb-SIKOTO 00'€KTa
PaIIOHYKIIIIIB Y HOTO 00'€M MIJISIXOM MEpPEeMINTyBaHHS MPU3BOIUTH 1O 3MCHIIICHHS
MOTY>KHOCTI JI03U TaM-BUIIPOMIHIOBaHHS 3 1i€l moBepxHi B 0,693d/d, s pa3is.

TakuM 4MHOM 3a0€3MeYUTH pajialiiiHy OE3MEeUHICTh JKeperna 10HI3y4Yoro
BUINIPOMIHIOBaHHS, IO 3HAXOJUTHCS 3a MEXaMHU OpraHi3My ONPOMIHIOBAaHOI HHUM
JIOJIMHM, MOKHa HE TIIbKM 3MEHIICHHSAM KUIBKOCTI PaJiOHYKIIAIB Ha MOro
MOBEpPXHI, TaK 1 3MIHOK YMOB TIOIIMPEHHS JO JIIOJUHU 10HI3YIOUOIO
BUIIPOMIHIOBaHHS MUISIXOM TepeMilTyBaHHA pedoBUHU. OCKIIBKM KIHLIEBUM
pe3yNbTaTOM IUX A € 3MEHIIEHHS MOTY>KHOCTI €(DEeKTHBHOI J03U OMPOMiIHEHHS
JIOAWHW, TO OOMABa IIl BUAM BIUIMBY OO'€IHYIOTBCS OJHUM MOHSITTSIM:
«J1e3aKTUBAIIiS.

3a CBOIMH HacCliJKaMd IIOTJIMHAHHA BUIIPOMIHIOBAHHS PaJiOHYKIIIIIB
€KBIBaJICHTHE 3MEHILIEHHIO KIJIBKOCTI PaAIOHYKIIIIIB HA BUIIPOMIHIOIOUII MMOBEPXHI
o0'ekTa, 10O MNPU3BOJUTH JO 3MEHUIEHHS pIBHA CTBOPIOBAHOIO HUM
BUMIPOMIHIOBaHHS Ta, BIJMOBIHO, 3MEHIIEHHS PIBHSI Horo HeOE3MeKH.
3aCTOCYBaHHS Yy UIMPOKOMY CEHCl €JMHOIO TOHSTTS «JI€3aKTHBAIis» JI03BOJISIE
BUKOPUCTOBYBaTM MOro 3 METOI OTPUMAaHHS €AMHOI OO0'€KTUBHOI OLIHKU
KUIBKICHOTO BKJIQAy pi3HUX (DAKTOpIB y CyMapHy HOTYXHICTh JI03U 30BHIIIHBOTO
ONIPOMIHEHHS JIOAUHU, CTBOPEHOI OKPEMHUM JIKEPEIIOM.

SBuIlle TOTJIMHAHHS 10HI3YIOUOTO BHUIIPOMIHIOBAHHS B MaTepiami Jpkepena
MOKe OyTH €(QEeKTHBHO BUKOPHCTAHO JJIsi OTPUMaHHsS 3 O0'€KTIB Ta MarepiajiB i3
3a0pyAHEHOIO PaIOHYKJIIIaMH MTOBEPXHEIO OE3MEUHOI y paaialliitHOMy BiIHOIIICHHI
cupoBHHM. JlJI1 1BOTO JOCTATHBO 3HMXKYBATH PIBEHb BUIIPOMIHIOBAHHS 13
3a0py/IHEHOI0 pAJIOHYKIIJaMU TOBEpXHI 00'€kTa JO PIBHS MPUPOJIHOTO
pasianiiHoro Gony.

OtpumaHa maca, IO pajlaliifHO Oe3neyHa, Moke OyTH BUKOPHUCTaHA IS
BUTOTOBJICHHSI OETOHHMX OJIOKIB, TPOBEACHHS O€TOHHUX POOIT Oe3mocepeHbO Ha
OyIiBEeNbHUX MalTaHuYMKaX, TPeOIIsIX, aBTOMOOIFHUX Ta 3aTI3HUYHUX MariCTpasx.

Haii6inpmr npuifHITHUM criocoOoM pyHHyBaHHS OyfiBenb 1 CHOpPYI €
BUKOPHUCTAHHS CIPsIMOBaHOro BHUOYXy. JlocBiA 3acTocyBaHHsS LIbOIO CIOCOOY B
CydacHOMY OYJIIBHHIITBI B HaIll 4aCc 3HAYHUH, HOTO 3aCTOCYBaHHS IOCUTH MPOCTE, HE
BUMAara€ 3Ha4HUX MaTeplaJbHUX BUTPAT, BUKOPUCTAHHS CIEIIaIbHOTO CKJIATHOTO
oOnajgHaHHS, TEXHIKM Ta IHCTpyMeHTy. Ha mpaktuiii mnoapiOHeHHS Ta
nepeMilllyBaHHsT OTpUMaHUX (parMeHTIB 3pyHHOBaHMX Oy[iBelb Ta CIOPY.
3MIMCHIOETHCS 3@ JOMOMOTOI0 CHEIllaJbHUX TMEePECYBHUX MIIMHIB, MOJPIOHIOBAYIB
KaMEHI0 a00 CTalllOHAPHOTO AHAJIOTTYHOTO YCTaTKyBaHHS.

Po3risHeMO MOMKIJIMBOCTI 3ampOINOHOBAHOTO TMIAX0ay Ha mnpukiadi. Tak,
OyniBenbHUM 010K, Mae popmy ky0Oa 3 pedpom d = 1 M, BUTOTOBJICHUH 3 OETOHY, IO
Mae miieHicTs p = 2,35 r/cm®. Opma 3 Horo cropin 3abpyaHeHa mesiem-137.
HeoOxigHO BU3HAYUTH, SAKUM MOXKE OYTH MaKCHUMAaJlbHO JOMYCTUME 3HAYEHHS
noryskHocTi E" Ha 3a6pyHeHiii moBepxHi, 1o 3abe3neuye HenepeBUILeHHs PiBHS
notyxkHocti B, ska mopisrioe 0,5 MK3B/ros, 3 TIOBEpXHi BUPOOY Tiel & (hopmu,
OTPUMAHOIO 3 Marepialy BUXIIHOTO OyAIBEIBHOrO OJIOKY, aje 3 PIBHOMIPHUM
PO3MOIIOM PaTiOHYKIIIIIB y BCiif HOTO Maci.
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Jlig 3a3Ha4eHoi MITBHOCTI OETOHY IIap MOJOBHMHHOTO OCialOJeHHS ramma-
BUIPOMIHIOBaHHS, CTBOPEHOTO 11e31€M-137, ctaHoBuTh do s = 3,5 cMm. BiamoiaHo 110
BUpasy (3) MakCUMaJIbHO JIOMYCTUME CEPEIHE 3HAYEHHS MOTY>KHOCTI MOTJIMHEHOT
70341 3 TOBEPXHI OYJiBEIBLHOTO OJIOKY, B3ATOrO SIK IMPHUKIIAJ, CKJIAIe E™ <99
MK3B/Toj1, TOOTO Maiibke B 20 pa3iB BUIllE 3a JIONYCTUMUM PiBEHb E%. Orxe,
OyniBeJIbHAa CUPOBHHA, OTPUMaHa MICIs MepepoOKH TaKOTO 3a0pyIHEHOro OJIOKY Ta
BUpOOM 3 HBOro, OYyAYTh padialliiHO «YHUCTHUMH», OCKUIBKA TIPH IbOMY
KOHIIEHTpAIlls paJl0aKTUBHUX PEUOBUH y HUX 3a0e3mneuye Oe3neuHnii piBeHb raMma-
BUIIPOMIHIOBAHHS 3 TXHbOI TOBEPXHI.

Opnieo 3 mepeBar 3ampoNOHOBAHOTO CMOCOOY yTWii3alii panioaKTUBHO
3a0pymHEHHX OyIiBeNh 1 CIOPYyX € Te, MO MPH IIbOMY HE BHUHHKAE JOJATKOBOTO
3a0pyIHEHHSI HaBKOJIMIIIHBOTO CEPE/IOBUINA PATIOHYKIIIAMHU, 10 BUIAJISIOTHCS 3
MOBEpXHI 3a0pyaHeHoro o0'ekta y mpoleci Horo nae3aktuBailii. DaKTUYHO
PAAIOHYKIIIIM HE BUAAAIOTHCS, a MEPEBOAATHCA B IHIIMA BUA PpO3NOALTY (3
MIOBEPXHEBOI0 B 00'€MHUI), a 1X KUJIBKICTh Y 3a0pyAHEHOMY 00'€KTI1 3aJIUIIAETHCS
He3MiHHOW0. [Ipu oMy sik OyJi0 MOKa3aHO BHUINE, 1HTEHCUBHICTH 10HI3YHOUOTO
BUIIPOMIHIOBAHHSI 3 TOBEPXHI1 EPepOOIECHOr0 MaTepialy 3HUKY€ETHCS B IECATKU pa3,
YUM CTBOPIOIOTHCSI YMOBH JIJIsl OTPUMAaHHS MaTepiajiB 3 piIBHEM BUIPOMIHIOBAHHS 3
iX MOBEPXHI, 10 HE MEPEBUIIYE JTOIMYCTUMUH.

3acToCyBaHHS TAKOTO MIAXO0/ly MOKe OyTH IPUKIIAJOM YCIIIITHOTO TOBEPHEHHS
BEJIMKUX TEPUTOPIA Ta MarepiaiiB B €KOJIOIIYHO OE€3MEeYHUM CTaH, IO CIPUSATUME
MIJBUILEHHIO JOBIPY CYCHIJIbCTBA A0 SACPHUX TEeXHOJOrIH. Takox HEoOX1AHO
BpaxyBaTH, 110 OETOHHI BHUPOOM, BHUIOTOBJIEHI 3 pO3JpiOHEHUX (pParMeHTiB
PaAl0aKTUBHO 3a0pyIHEHUX O0'€KTIB, € JKEpeIaMU 3aKpUToro Tumy. [osicHIoeThbCs
e TUM, IO PAJAIOHYKIIAM B IX Macl 3HaXOASAThCA Yy 3B'SI3aHOMY >KOPCTKO
(p1IKCOBaHOMY CTaH1 Ta HE MOXKYTh IPUPOJAHUM LIISIXOM MITPYBATH B HABKOJIUILIHE
CepeIoBHIIE, III0 MOTJIO O MPUBECTH A0 HOTO T0AATKOBOTO 3a0pyIHEHHS, i CTaTh B
NOJAIbIIOMY MOKJIMBOIO MPUYMHOIO BHYTPIIIHBOTO YPAKEHHS JIIOIEH.

BucHoBku. VY crarTi mnokazaHa TPUHIMIIOBA MOXJIHMBICT TOBEPHYTH
TEXHOTEHHI 00 €KTH, TIOBEpXHS SKUX 3a0pyJHEHAa paJiOHYKIiJaMu, B
rOCToAapChbKUi 00IT SIK BTOPUHHY CUPOBUHY. OCHOBOIO PO3TJSHYTOrO MiAXOAY €
JIEMOHTaXK TAaKMX 00'€KTIB 3 TIOJIATIBIIINM PO3IPIOHEHHSIM YTBOPEHUX (PparMeHTiB 710
HEBEIIMKUX pO3MIpIB Ta ix mepemimyBaHHsAM. [Ipu 1mpoMy pamgioHyKmiId 13
3a0pyIHEHHUX TIOBEPXOHB MEPEBOAATHCSA B 00’ €M OTPUMAHOI MacH 1 pO3MOAUISIOTHCS
B HHOMY PiBHOMIpHO. B pe3ynbTaTi TeXHOTeHHHIA 00'€KT SIK JHKEPENO 10HI3yI0UOTro
BUIIPOMIHIOBaHHS 3 TOBEPXHEBUM 3a0pyIHEHHIM PaJA1OHYKIIIJaMU MEPETBOPIOETHCS
Ha JDKEpEeJo 3 PIBHOMIPHUM PO3MOJILJIOM €JIEMEHTAPHUX BUIIPOMIHIOBAYIB y HOTO
Mmaci. Ile cTBOproe yMOBHM [jIsi OTPUMAHHS pajiamiiiHo Oe3neYHOi CHPOBHHH,
OCKIJIbKHM TaMMa-BUITPOMIHIOBAHHSI 3HAYHOT YACTUHU PaJlOHYKII1/1B MOTJIMHAETHCS B
caMoMy JKepelia, TOOTO Ma€ Miclie ePeKT caMO3axucTy.

3aCT00yBaHH}I OTO MIAXOY JA03BOJIHTH TIOBEPHYTH B TIPOMHUCIIOBICTh BEJIUKI
00’emMu pamoaKTHBHo 3a0pyAHEHUX MarepialiB 1 MpHU3BEIE [0 CYTTEBOTO
MOJIIIICHHS] EeKOJIOTIYHOI OOCTaHOBKH, a TaKOX CTBOPUTh VY CYCHLUIBCTBI
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COPUATINBHUI COLIATBHO-TICUXOJOTIYHUMA KJIIMAT, SIKHH CHPHUSATHME MOJAIbIIOMY
e(eKTUBHOMY PO3BUTKY SIIEPHOT €HEPTrETHKH.
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MIXING OF RADIOACTIVELY CONTAMINATED SUBSTANCES IN
THE PROBLEM OF ENSURING RADIATION SAFETY

Mashinistov Victor, Balakin Valery, Romanko Yaroslav, Meshkova Angelica

Institute of Industrial and Business Technologies of the Ukrainian State University
of Science and Technology, Dnipro, nmetau.edu.ua

Abstract. This paper demonstrates the feasibility of ensuring radiation safety of
solid substances that comprise environmental objects and have surfaces
contaminated with radioactive substances. The identified problem is solved by
utilizing the natural property of anti-radiation self-protection.

To reintroduce structures and buildings contaminated with radionuclides into
economic circulation, it is recommended to dismantle them, grind the materials, and
mix the resulting mass. The proposed method is made possible by transforming the
surface contamination of these objects into a uniform distribution of radionuclides
throughout the mass of the contaminated substance. This uniform distribution will
remain consistent in products made from the received raw materials.

By implementing this approach, it is feasible to reintroduce large volumes of
radioactively contaminated materials into the economic cycle and dispose of them in
contaminated areas.

Keywords: radiation safety, decontamination, radioactively contaminated
substances, mixing.
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MPUCTPIIA 1J151 OIITHKY EMICIi PAIIOHYKJIIIIB
IPU CIIAJIIOBAHHI BIOMACH
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[HcTuTyT pobaem 6e3neku AEC HAH VYkpaina, Byn. Jlucoriperka, 12, 03028,
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Beryn

[lin vac moxkex Ha pPaliOaKTUBHO 3a0pyJAHEHUX TEPUTOPIAX BiAOYyBa€ThCS
BUBUIBHEHHSI Ta TMEPEPO3MOALUT PaJiOaKTUBHUX PEUOBUH. YTBOPEHI BHACHIIOK
TOPIHHA  paJlOaKTUBHI  aepo30il MOTPAIULI0YM 10 arMocepu  MOXKYTh
MOIIUPIOBATUCH HA 3HA4H1 TepuTopii (puc.l.), cipuuuHsoun 3a0pyAHEHHS IPYHTY,
BO/JIY 1 POCJIMHHOCTI, CTAHOBUTU HEOE3MEKY JIJIsl 3I0POB'S JIIOICH.
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Distribution of radioactive contamination in the Chernobyl region
(A.P. Moller&T.A . Mousseau, 2015).
Wildfires April 8-9, 2020. (Credit: NASA Earth Observatory
images by Lauren Dauphin, using MODIS data from NASA
EOSDIS/LANCE GIBS/Worldview.

Puc. 1. Po3nonin panioakTuBHOTO 3a0pyAHEHHSI B YOpHOOUIBCHKIM 30H1
(A.P. Moller & T.A.Mousseau, 2015) Ta 3a¢ikcoBani cynmyTHukamu NASA
K1UJIbKA JIICOBUX MOXKEX M00M3y YopHOOUIBCHKOT 30HH BIAUYKEHHS,

8 kBiTHs Ta 9 kBiTHS 2020 pOKY.

JliTtepaTypHi AaH1 BIAHOCHO YaCTKU PaJlIOAKTUBHOIO I1€3110, 10 MOTpAIUIsie B
atMoc(epy miag dYac JICOBUX TMOXKEX BIAPIZHAIOTHCS OUIBII HDK Ha TMOPSIOK
BeJIMUUHM. Tak, 3riqHo poboTu [1] mpu y1abopaTOpHHUX CHATIOBAHHSX JIICOBOTO
onany OyB 3apeccTpoBaHMil piBeHb BUKULy aepo3ouis ¥'Cs Bix 1 10 2,5%. B inmii
po6oTi [2] oTpuMaHo, O B CEpeNHbOMY BHALIAEThCA 29% BMmicty *'Cs y manusi.
HaiiGinpmmil Bukua crocrepirases st Topdy (39%) ta micoBux rpyHrtis (37%). B
TOM >K€ Yac BHCOKI PiBHI BUKUIY JUIsl TOpY 1 JIICOBUX TPYHTIB CymnepeyaTh TaHUM
[1] — 3rigHO SKUM TIIIOYUN PEKUM TOPIHHS TOPPY Aa€ MIHIMATIbHUN BUKUI, IITYYHE
K THTEHCUBHE MPOTPIBaHHS e Buxia 30utbmrye. Ak Oyino mokazaHo B po0OoTi [3]
IIPOrpiBaHHs 30J1M 3 BBEIEHUM IO ii CKiaxy crabinbHuM nesiem **Cs 1o Temneparyp
Buiie 500 °C npu3BoauTh 10 BTpaTH 11e3it0. B po6oTi [4] pu BUBYEHH1 3aJI€KHOCTI
IHTEHCUBHOCTI BHKUIY cTaOiapHOro Cs Bij TeMmmepaTypu 3TOpSHHS TIiJ dac
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CHAJIIOBAHHS COJIOMM TIIEHMII, I€PEBUHU COCHU Ta OCUKH BUSIBICHO 301JIbIICHHS
BUKH/IIB 3a BUILOI TemrepaTypu. Bukuau Cs 3Haxogunuch B Mexax 40-70%.

3rigno ganmx pobotu [5] Bukuam 'P'Cs cuiibHO 3aiexaTh Bij TeMieparypu
rOpiHHS Ta TUIy POCIMHHOCTI. Bucoka pyxmmsicte '*’Cs cmocrepiraetbes mpu
3TOPSIHHI POCITUHHOCTI (HAIpPUKIIAA, JUCTIB 1 TUIOK BIIBXH), yV IIeH Yac K HU3bKa
pyxmuBicth 1*’Cs crocTepiraeThbes IpH CHaTIOBaHHI OPTaHiYHOTO IPYHTY HaBiTh IIPH
Bucokiit Temmeparypi 800 °C. Il{omo *°Sr To mepeBakHa GiIBLIIICTE AKTUBHOCTI
3QIMIIAECTHCS B 3JIMIIKAX 3014, a BUKMIM °ST Iy’KE€ HU3bKi, HApuKia, Mexnre 1%
JUISL BCIX MPOTECTOBAHUX THIIIB POCIUHHOCTI, BKJIIOYAIOYM MOBEPXHEBI TIKU Ta
MiJCTUIIKY, TIJIKU Ta JIUCTS BUIbXU, Ta OPTaHIYHUHN TPYHT.

[Tix gac micoBOi MOXeXi, HABITH MTYYHO BUKJIMKAHOI [6, 7], MOXKHA 3pOOUTH
JIMIIE €K1 OL[IHKH, aJ[’K€ MPOAaHaJI3yBaTH MPU LIbOMY BECh BUKHU/ 3 TUMOM 3aj1a4a
JIOCUTh CKJIaJ{HA 1 HEMOKJIMBA. B1IbIl KOHTPOJIBOBAaHI YMOBU BAAETHCSI OTPUMAHUM
pH J1abOPaTOPHUX CHATIOBAHHSIX.

Jlnst  mpoBeneHHS  JOCHIDKEHb TPU  CHAJTIOBAaHHI  BUKOPHCTOBYIOTHCS
PI3HOMAHITHI ~ MPUCTPOi: TO  MOXYTb OYTH, SIK TPOMI3JKI, CKJIaJHI
(BUCOKOTEXHOJIOT14H1), TaK 1 MOOLJIBHI TPOCTI Y BUTOTOBJICHH] Ta BUKOPUCTAaHHI.

Merta nanoi pobotu — po3poOka Ta ampoOailisi MPUCTPOIO JJIsI OLIHKK €MICii
PAIIOHYKJIIIIIB Y TMMI B1J] CIIaJIFOBaHHS O10MacH LUISXOM B1100OpY Mpod AUMY, 30711
Ta HEJOrapy 3 MOXJIMBICTIO PETYJIIOBAHHS PEKUMY TOPIHHS.

I[Ipukaaagu nPUCTPOIB sAKI BUKOPUCTOBYBAJIUCH MNPH AHAJOTIYHHX
AOCTIAAKEHHAX

Bigoma «xamepa 3ropsHHS BiAKpUTOI cuctemMu» [8] i MoerOBaHHS
CHAJIOBAaHHS PI3HUX THUMIB OiOMacW JJig OIIHKKA KOE(QIII€HTIB BHUKHU/IIB
3a0pyIHIOIOYUX Ta3iB, MPIOHMX TBEPAMX YACTHHOK Ta iX CKJIAAy JJIsi BU3HAYEHHS
3HAYYIIUX 1HAMKATOPIB, 10 CKIAMAEThCA 3 1) JIOTKa JUIs 3pa3KiB 13 HEPIKaBIFOYOL
ctaii po3MipoMm 1 M Ha 1 M, 2) KpUIIKK po3MipoM 2 M Ha 2 M (Jis yJIOBIIOBaHHS
BIIMPaIlbOBAHUX Ia3iB) 3’ €JJHAHOI 3 TUMOXO0JIOM BUCOTOIO 4 M. 3 HEPXKaBIIOUO1 CTal,
3) TI'azoananizatopa (Testo, 350-XL, Himeuunna) ajisi BUMipioBaHHS Ta3y Ta 4)
Burparomipa noBitps (mikpomanometpu, TSI, mogens 5825, CIIIA), o6nannanoro
TUMOX0J0M Ha ~2,80 M HaJa JIOTKOM JJIsS 3pa3KiB JJISI BUMIPIOBaHHS IIBHJKOCTI
MOBITPSHOTO MOTOKY MO BCbOMY IUMOXony Ta 5) Kojektopu TBepaux 4acTUHOK
(PM) (Intra et al., 2012), miakarodeHi 10 JTUMOXOAY Ha BUCOTI ~ 3,5 M HaJI MiIIOHOM.

Bigomuii «mpucTpiii 1715 criajifoBaHHs TBEPAUX MaTepiaiiB 1 BiIOOPY Mpood Jist
aHaJi3y PEYOBMH, IO 3HAXOJATHCS y IUMi» [9], 10 MICTUTH KOPITYyC 31 3HIMHOIO
KPUIIIKOO 1 3HIMHUMH HI’)KKaMH, 30JbHUK 1 TaTpyOOK, T0AaTKOBO MICTUTh JUMOXIJ,
10 CKJIAJacThCs I[OHAWMEHIIE 3 ABOX 3'€IHAHUX MK COOO0I0 KOJIHO-IIOAI0OHHX
YaCTUH, 10 3'€IHYIOTHCS 3 MaTpyOKoM 1 (ITBTPOBEHTHIISIIIITHOK YCTaHOBKOIO,
KOJIOCHUKOBI TpaTH, >KOPCTKO 3'€HAHI 3 30JIbHUKOM, BUKOHaHI 3 MOXJIMBICTIO
YCTaHOBKHU B KOPITYCl, IPH ITbOMY KOPITYC MICTHTH ABEPIISITA KOHTPOJIIIO 32 MPOIECOM
TOPIHHSA 1 JABEpISITA JJIs PEryJIIOBaHHS TOJa4yl MOBITPS B 30HY TopiHHSA. [leBHUM
HEJIOJIIK JaHOi KOHCTPYKIN BOA4aeThcsi Te, MO poOoTa (DUIBTPOBEHTHIIAIINHOI
YCTaHOBKH 3’ €JJHAHOI Oe3M0ocepeHbO Yepe3 AUMOXI1]] 3 KaMepOIO 3rOpaHHs HE JIUIIIE
CYNPOBOJ/IKYETHCSL OCA/KEHHSIM aepO30JbHUX YAaCTOK HA CTIHKaxX JAMMOXOHY, IIO
BHOCHUTH JIOJIATKOBY MOXUOKY NMPU BU3HAUECHHI 1XHBOI KIJIBKOCTI (aKTUBHOCTI) Ha
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(bUIBTPI, a TAKOK OUYEBUIHO CTBOPIOE MOAATKOBY TATY, M1JIBUIIYIOUYH 1HTEHCUBHICTD
TOpIHHS, YAM BIUIMBA€ HA PEXKHUM CIATIOBAHHS, SKUH MOXE BIAPIZHATHUCS BiJ
MPUPOJTHUX YMOB TOPIHHSA, SIK OT HANIPHUKJIA/I IPH MOKEkKaX B JICI.

Bxinni gani Ta MeToau Q0CaIIKEeHHSA

Jns  pocmipkeHHsT OyiM BUKOPUCTAHI MPOOHW JIICOBOI MIJACTUIKH 30HU
BimuyxeHHs: YAEC. [IpoOu BUTpUMyBalIMCh NPOTATOM JEKUIBKOX MicAliB (3a
BosiorocTi 40 — 60 %) B cyxoMy MpUMIIIEHHI JUIsl BUPiBHIOBaHHS BoJyiorocti. Jlaimi
BH3HAYAJIACh X Maca Ha aHATITHYHUX Barax Ta akKTHBHICTh Ha criekTpoMeTpax SBS
ta Camberra.

Cxema Ta 300pakeHHSI pO3pOOJICHOr0 MPUCTPOIO sl MPOOOBIAOOPY BUKHIIB
MIpU CIIAJIOBAHHI MiJICTWIKY MIPECTaBlIeHa Ha puc. 1.

Puc. 1. Cxema Ta 300paxkeHHsI IPUCTPOIO JJI MPOOOBIIO0PY BUKHIIB MPU
CraJIfOBaHHI IMICTHIIKH, A€ 1- manuBo, 2 — ciTyacTa KOp3uHa, 30JIbHUK JIJIs
pPO3MIIICHHS MPOOH, 3 — TUCK 30JIbHUKA, 4 — HIDKHS ITIIMHA, 5 — KOpITyC, 6 —
JUMOCOC, 7 — BEpXHsI IIUIMHA, 8 — KOHYCHA KpHILIKa, 9 — uianenp 3 PuibTpoM.

[Ipuctpiii npautoe HacTynHUM 4uHOM. [lanmBo 1 BMINIYIOTH B CITYACTY
KOp3uHYy 2, SIKy BCTAHOBJIOIOTH HA IEHTP AWUCKY 30JIbHUKA 3, Ta MiANaTIOIOTh.
OnyckaroTh KOpPIyC 5, HaJ HUM PO3MIIIYIOTh KOHYCHY KPUIIKY 8 Ta 3’€IHaHHUH 3
auMococoM 6 ¢uanens 3 ¢pubTpoMm 9. Bucoty miuve 4 Ta 7 miaduparoTh mij Yac
MOYATKOBUX BHUMPOOyBaHb. HikHs miiimHa 4 Hagae MOXKIMBICTH PETYIIOBATH
MpoLEeC TOPIHHSA, BEPXHS 7 3MEHIIy€ BIUIMB POOOTH BUTSHKHOI CHCTEMHU Ha IMPOLec
TOpPIHHSA Ta TMOHWXYE TEMIIEpaTypy UMY 3a PAaxXyHOK OTOUYIOUOTO MOBITPA,
M1BUILYIOYH HAIIHHICTH pOOOTH TUMOCOCA.

JIMMOB1 YaCTHHKH, 10 YTBOPUIIUCS TI1]] 4aC TOPIHHS, 3aTPUMYIOThCS (Q1TETPOM
9, IPOYKTH HETIOBHOTO 3rOpaHHs (HeAorap) 3ajJuIIatOThCA B CITYACTIH KOP3WHI 2,
30712 30MPAETHCS B 30JIBHUKY 3.
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[Ticnst 3akiHYEHHS TOPIHHA Ta OXOJOKEHHS MIYKH 3HIMAlOTh (aHelpb 3
bitbTpoM 9 Ta JAEMOHTYIOTh E€KCIOHOBAaHWUM GUIBTP, Jaji 3HIMAIOTh KPHUIIKY
(HakpuBKYy) 8 Ta KOpIyC 5, MICTalOTh HEAOMaJ 3 CITYACTOI KOP3WHHM 2 Ta 30J1y 13
3oipHMKA 3. [IpoOu MakyioTh B OKpeMi IMOJIETUJICHOBI MaKeTH, MiAMUCYIOTh Ta
BiJIIPABIISIOTH JISI IOAAIBIIIOTO aHATI3Y.

Pe3yabTaTi T2 00rOBOpPEHHS

[Ticis cnamoBaHHS TPOBOIWIACH CEpis 3BaKyBaHb I BU3HAYCHHS MacH
Hejiorapy, 301M Ta ocamy Ha QuibTpi (m0 Ta michs ekcukaropa). B tabmwmi 1
HaBEJICHO pPE3yJIbTaTH BHUMIPIOBaHb (AKTUBHICTh HABOJUTHCS JUIA CIEKTPOMETpa
Camberra, 11t IKOTO MEHIIIA MOXUOKA BUMIPIOBAHb).

Tabnuys 1. PesynpraTn BUMIpIOBaHb mepeposnominy °’Cs mpu chnaaroBaHHi
JicoBoi miacTunku, e M - Maca, T - Hac, A - 3aranpHa aktuBHICTB, AX - [ToxuOka,
A — IMTOMA aKTUBHICTB.

M, r T,r | A,bk | AX,"+"| A,% | Am, BK/T
Hapaxkka 95,4 10 | 2838,1| 72,7 100 29.7
Henorap 16,29 5 1380,5 9,9 48,64 84.8
3oJ1a 9,16 5 1212,0 9 42,70 132,3

Ocaja Ha QiabTpi

Binpazy micns
CHAJTIOBAHHSI

[Ticns BUCYIITYBaHHS B

. 0,638 384,7
EKCUKATOP1

24 245,5 49 8,7
0,284 864.0

[Ticnst mporpiBaHHs
280°C, 30 xB

BucHoBok

Po3poOnenuii mpocTHil y BHUIOTOBJIEHI Ta BHUKOPUCTAHHI NPHUCTPIA IS
CITAJTFOBAHHS JTiICOBOI MiICTUIIKU Ta BinOopy mpod mus ominkyu nepeposnominy ’Cs
M JuMoM, noneiaoM i Hemorapom. Ouineni aktuBHOcTi '*’Cs, BHacimok
CHIATFOBAHHS JIICOBOI MIJICTUIKKA 30HH BiguykeHHs UAEC, ctaHoBWIM: B IUMI -
8,7%, 301 — 42,7 % Ta Hemorapi — 48,6 %, 110 y3roKyETHCS 3 BIJOMUMH OIlIHKAMHU
[6].

Hanani mimanyemMo MAKIIOYATH 10 TPUCTPOIO IMIAKTOP IS JOCIHIKEHHS
PO3MOILTY aKTUBHOCTI IO PI3HUM (PaKIIisiM TUMY.
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Abstract: Forest fires and biomass burning are accompanied by the release of
aerosol particles and combustion products into the atmosphere. It is important to
assess the impact of forest fires in radioactively contaminated areas on the
radioecological situation in the Exclusion Zone and beyond. Of particular interest
are experimental studies of redistribution of radioactive substances between smoke,
ash and cinders. In this work, a simple-to-manufacture and easy-to-use device was
developed to assess the redistribution of 137Cs during the burning of forest litter in
the Chornobyl Exclusion Zone. The estimated activities of 137Cs were 8.7% in
smoke, 42.7% in ash, and 48.6% in cinders.
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IMPOI'HO3YBAHHS 3ABPYJIHEHHSA ITIOBITPA POBOYUX 30H
III{ YAC BUKOHAHHA POBIT Y BHYTPIIIIHBOMY OB’ €M1
KOMIUVIEKCY HBK-OY

Iasnoscoxkuii JI. 1., I'opodeyvkuii /]. B., [lepencoscokuii B. B., Menvwenin €. A.

[acTutyT ipobaem 6e3nekn AEC HAH Ykpainu, M. HopaoOwmib, Ykpaina
office@ispnpp.kiev.ua

Beryn

JleMoHTaxX KOHCTPYKIiK 00’ekTa « YKpuTTs» (OVY), skuit Oyne BUKOHYBaTHUCS
B ymoBax ekcruryaranii HBK-OVY, € nepiiodyeproBum erarnom peanizailii MpOeKTY
nepeTBopeHHd OY Ha eKoJIOriYHO Oe3ne4yHy cUcTeMy. 3a OCTaHHI JECATUPIdYs
HAaKOMMYEHO JOCTATHIN JOCBIJ BUKOHAHHS aHAJOTIUHMX paJliallifHO HEeOe3MeUHUX
poOit Ha OVY. Ilpore BB repmernuHoi koHCTpyKiii HBK Ha mikpokmimMar ioro
BHYTPIIIHBOI'O MPOCTOPY, y MOEIHAHHI 3 HEOOXIIHICTIO MOBOXKEHHS 3 HANOUIbIII
pPaZloaKTUBHO 3a0pyJHEHUMU KOHCTpyKIisiMu OY Ta aBapiiHOTO €HEeproOJIoKy,
nomae cBOel cnenu(ikk B oOpraHizaiilo BHKOHAHHA poOIT 1 3a0e3ledyeHHIO
MPOTUPATIAIIHHOTO 3aXUCTy PoOOYOro MepcoHaly.

Crneuudika 3a3HayeHUX BHIIE poOOIT, 30KpeMa, IIOJIATAE Y BHCOKOMY
NOTEHIIITHOMY 3a0pyIHEHHI MOBITPS POOOYMX 30H PaTI0aKTUBHUMH aepO30JsIMU
(PA) i yac ixuporo BukoHanHs. I1{o € HacaiagkoMm He3HAYHOTO po3citoBaHHs PA 3a
YMOB BIJICYTHOCTI y BHyTpililHbOMY 00’eMi komiuiekcy HBK-OVY inTeHcuBHUX
MOBITPSHUX MOTOKIB, CEPEIHS BUIKICTh AKUX Ha Jierkiil mokpism OV, Hanpuknazn,
crtanoBuTh Bix 0,03 mo 0,06 m/c [1].

AHanoriyHa CuTyallii BXX€ JaBHO CIIOCTEPITAEThCS 1 y BHYTPIIIHIX
NPUMIIICHHSX KOHCTpYKIii camoro OVY. Tak, 3a HammMmu JaHUMH, TUIBKH
MIPOXOJKEHHS MEPCOHANTY TI0 MapIIPYTy JOCTYIY 30UTBIINAIO0 00’ €MHY aKTUBHICTh
noBiTps y npumMinieHHi 1'438/4 na 35 % Bix BeTMYMHU BUCX1THOI aKTUBHOCTI.

Taki BKpaili HeCHpUATIMBI pajialiiiHi yMOBU CIOHYKalOTh JO SKOMOTa
HIUPIIOT0 BUKOPUCTAHHS OE3JTI0IHUX TEXHOJIOT1H 13 3aCTOCYBaHHSM JUCTAHIIMHO
KepoBaHUX pobOotiB-maHinynsaropis  (IAKPM). V Bumagky HEMOXKIHBOCTI
3actocyBanHsa JIKPM ms pamianiitHo HeOE3NMeYHUX TEXHOJIOTTYHHMX OTepallii Ta
iXHpOT 3aMiHM Ha omeparii, 10 BHUKOHYIOThCA BpPY4YHY, KOHYE HEOOXITHO
MIPOTHO3YBAHHS TUHAMIKK 3a0py HEHHS MOBITPsl poO0YOi 30HU i YaC BUKOHAHHS
TaKuX POOIT 3 METOI TapaHTOBAHOTO €(EKTHUBHOTO 3aCTOCYBAHHS BIIMOBITHUX
3aXO0/IiB 3 paaialliiHoi Oe3MeKH MepCcoHay.

Jana poGoTa crnpsiMOBaHa Ha BUPIIICHHS aKTyaJbHOI MPOOJIEMH 3MEHIIICHHS
BIJIMBY PA Ha omnpomMiHEHHS TNiepcOHady MiJ Yac BUKOHAHHS paJialiifHO
HeOe3neyHux poOiT y BHyTpimHbOMY 00’emi komiiekcy HBK-OVY 3a paxynok
onTUMIi3alii BUKOPHCTAHHSA 3aco0iB 1HAMBIAYaJbHOTO 3aXUCTy Ta Yacy Ha
BUKOHaHHS poOIT y nmx ymoBax. [licms mepeBipkd OTpUMaHHX MPOTHO3ZHUX
pe3yNbTaTiB Ha MPAKTULl TAaKUW MIAX1J y BUPIIICHHI Mpo0jeM padialiiiHoi 6e3nexu
nepcoHally Moke OyTH BHUKOPUCTAHUM TiJ] Yac MPOEKTYBAHHA paiialliiiHo
Hebe3neuHux poOiT y BHyTpimHbOMY 00’ emi kommiekcy HBK-OVY.
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Panianiiini yMoBH B NOTEeHIiHHUX 30HAX BUKOHAHHSA pooiT (3BP)

Ak o0’extn gocaimpkeHb Oylo oOpaHo AUISHKM moTeHIidHux 3BP, ski
3HAXOJATHCS HAa 30BHINIHIX KOHCTPYKIIISX 1 BHYTPIIIHIX TPUMIMIEHHIX I1BICHHOI
yacTuHu cniopyau OV, a came:

niBJieHHa 30Ha OKPiBiIl OV (30BHIIIHI KOHCTPYKIIIT);

npumiiieHHs JIE 1 '438 (BHyTpilIH1 IPUMIILICHHS ).

3aopyonenns noeimpa. Ha erami IOCHIAHO-IPOMUCIOBOI E€KCILTyaTalli
komruiekcy HBK-OVY 3abpynHeHHss TOBITps B HOTO BHYTPIIIHBOMY 00’ €Mi
0OyMOBJICHO B OCHOBHOMY HEOPTaHI30BaHUMH BHUKHAaMU PA 3 OTBOpIB JIeTKOi
nmokpiBii Ta ctia OVY. 3 umHOM 4acy, y Mipy peai3aliii 3ariaHoBaHIX 00CATiB poOiT
13 1eMOHTaxKy KoHCTpykui OV, B mporieci 3a0pyIHEeHHS MOBITpsl Oyae 3pocTatu
POJIb BTOPUHHOI Mirpariii PA, 1110 ocuiu Ha MOBEpXH1 KOHCTPYKIIM Y BHYTPILIHBOMY
00’emi komiiekcy HBK-OV.

AHaJli3 JaHUX MOHITOPUHTY 00’€MHO1 aKTMBHOCTI 1 PaIIOHYKJIITHOTO CKJIaay
PA B nosiTpi 3a nepion 2018-2020 pp. mokasye, 110 iXHs MaKCUMaJlbHa aKTUBHICTb
CIIOCTEPITAEThCS B MEPIOAU IHTEHCHUBHOI TEXHIYHOI AISUIBHOCTI Y BHYTPIIIHHOMY
06’emi kommuiekcy HBK-OVY [2]. Tak, mMakcuMalbHI IMOTOYHI 3HAYCHHS IHOTO
nokasHukKa Oysjo 3apeectpoBaHo B xkoOBTHI 2019 p. Ilpu mpomy aKTUBHICTH
pamionykmigis *’Cs 1 *"Am cranosuna, Bimnosimmo 5,0 i 0,1 Br/m’.
BuxkopucroByouu crissignomenns *’Cs y ckinani X PA ta **'Am y cknani Za PA
[3], MM OTpUMaEMO TaKi 3HAYEHHs: CyMapHa B-aKTUBHICTh Oy1e cranoBuTu 15 Br/M?
Ta cymMapHa 0-akTUBHICTH — 0,19 Bx/M>. 11i 3HaueHHS HE NEPEBUILYIOTH BETHYUHN
MPOEKTHUX KOHTpoibHUX piBHIB (KP) mist moTouHMX BHUMIiproBaHb OeTa- 1 anbda-
AKTUBHUX JOBIrO ICHYIOUMX HYKIIJIB Yy TOBITpl JJIs OPUMIMIEHb 2 TMiA30HU
(obmexenoro oocnyrosysanns) 3CP, i sixi cranoBnaTs, Bignosigno 80 i 0,4 Bx/m3
JUIsL eTamy aociigHo-mpomucioBoi ekcrutyataiii [IK-1 HBK [4].

AHai3 pe3yJbTaTiB MOTOYHUX JOCTIIKEHb 00’ €MHOT akTUBHOCTI PA B moBITpI,
Ha JUIgHKaxX mnorteHridiHux 3BP, mo Oynu BukoHaHl crmiBpoOiTHHKamMu Ilexy
pamiamiiinoi 6e3nexku JCIT HAEC y 2021 p. [5], moka3ye, 1m0 cepeaHi BeTUYHHU
IIbOT'O IMOKa3HHMKA MPAKTUIHO OJHAKOBI (Tabi. 1).

Tabnuys 1. Ilorouna 06’eMHa akKTHBHICTh PA B MOBITP1 AUISTHOK IMOTEHIIIMHUAX
3BP (mepion criocrepexens 03—-31.03.2021 p.)

O6’emua aktuBHicTh PA B noBitpi, Bx/m?
. cyma alib(pa-aKTUBHUX
30Ha BUKOHAHHS | cyMa OeTa-aKTUBHUX HYKIIIJIIB ..
) HYKJIIIB
pooIT :
1ara3oH 3HAY€Hb | CEPEIHE Alanasox cepeliHe
8 3HAYCHb
Marimanuuk . .
in 8,3 103 in7,9 - 10*
THMYaCOBOTO BlLe,s - Y 6,7-102 |BA LT 40103
no 1,7 - 10 10 9,7 - 10
CKJIaJyBaHHS
[TokpiBis Bix 2,7 - 107 Bix 3,0 - 107
P Aol 59-102 | PR L 48103
MAIIIMHHOTO 3aJ1y 10 8,5 - 10 710 6,8 - 10




[Torouny 0O0’€eMHY aKTHUBHICTh MOBITpSA Ha JAUIAHKaX MOTeHUiiHuXx 3BP
HaBieJeHO Y Ta0uIIl 2.

Tabnuys 2. Tlotouna 00’eMHa aKTUBHICTh PA B MOBITP1 AUISHOK MOTEHIIIMHUX
3BP

O0'eMHa aKTHUBHICTb
CyMilI pagloHyKIiIIB,

Bx/M?
[Morenuiini ginsuku 3BP p-axtusui | o-axTasHi
HYKJIIJIA HYKJIIJIA
(137CS, (238+239
90G 90y +240py,
241Pu) 241Pu)
IMoxwn muTu-"aniabEuKH, [11BJIEHH] IIIATH -
R H > HHBACHHT I 6.20 0,12

«Kmoukmy, [T1BaeHH1 muTH
TpyOomnpoBoar MOJIEPHI30BAHOI CUCTEMU
nunonpurHiyenHs (MCIIII) 1 Jlerka nmokpisiisg Haj 1,00 0,005
HaKaTOM 3 TPyO

«banka «MamonT», «3aBanu Ha JIE», «3axigHa
onopa 6anku «MaMoHT»», «Po3mnoaiibua pama
CX11HOi onopu O6ayiku «MaMoHT»», «CxijgHa ornopa

6anku «MamouT™»», «Ilnutu nepexputts Ha J{E», 0,83 0,012
«banka «OcemuHOM»», «JlogaTkoBa onopa 6ajiku
«MamMoHT»»
[1nuTi NOKpiBIl MalI3aly, TAMYacOBO CKIIAJEH] y
450 9,00

M3 OV (mpuminienni '438/4)

Bentunsauiiina cucrema HEK (BBenena B excrutyatartito 3 cepnas 2018 poky)
Ipalioe B PEXUMI JOCTITHO-TIPOMHUCIIOBOI €KCIUTyaTallii, M0 XapaKTepu3yeThCs
suTpaToro mosiTpa Big 80000 mo 90 000 m*/rox. Bimnpanposane mOBiTpPs
BUKHUJAETHCS Y HABKOJIMIIIHE cepeoBuile depe3 BeHTWIiHy TpyOy HBK. Ilpu
pOMy pexum GinpTparii BiampanboBanoro mnoBiTps 3 HBK Bmwukaerscs
aBTOMATHUYHO 32 YMOB MIEPEBUIIICHHS BEeIMYMHU akTUBHOCTI PA y Bukuai monaz 40
Bx/Mm°.

Ilosepxnese 3aopyonenna. 3eaenus 3axucHoi cnopyau HBK nag OV Tta
repMeTH3alliss Moro OropoKYBaJIBHOTO KOHTYpYy (ciuenr 2018 p.) cmpusiio
MpoliecaM HAKOMHWYEHHS K 1HEPTHOTO (HEPal0aKTUBHOIO), TAaK 1 PaJAl0aKTUBHOTO
MUY Ha MOBEPXHIX MOr0 BHYTPIIHHOTO 00’ €My, 30KpeMa, Ha nokpiBisax OV, 1o €
HACJIZIKOM OCIJJaHHA aepo30JliB 3 TMOBITpA. 3a 4Yac, M0 MHHYB 13 MOMEHTY
repmetusaiii koHcTpykuii HBK, HakonmuwyeHHs nuiay Ha OKpeMHX AUISTHKaX
BHYTpiHIX mnoBepxoHb HBK gocsrno Ttakmx wMacmTabiB, 10 Hapas3l Bxke
CIIOCTEPITa€EThCS Bi3yaIbHO.

Haxonuyenns nuty BiI0YyBa€eTHCA BHACIIIOK HOTO reHepartii (3 pi3HUX JHKepe)
Ta 3a BIZICYyTHOCT1 YMOB JijIsl HOTO €()eKTUBHOI BTOPUHHOI MIrpariii y mpocropi, a came
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— 3MHBY PIAKUMH aTMOC(EpHUMHU OIMaJaMu Ta PO3CIIOBAHHSIM aepo30JiiB Yy
HaBKOJIUIITHROMY CEPEIOBHIIII, K II€ 3a3BU4ail BigOyBasocs 1o 3Beaenas HBK.

OcCHOBHMM JKepesioM Haaxo/keHHS PA y BHyTpimHIA 00’€M MOBITPS Mif
apxoro HBK BuctymaiooTh HeopranizoBaHi BUKUAHN KPi3b OTBOPU OTOPOKYBaIbHHUX
koHCTpykuUid OY. Tak, 3a 1aHUMU MOHITOPHMHIOBHX CIOCTEPEXEHb I[HCTHTYTY
npobiem Oesneku AEC Hamionanehoi akanemii Hayk Ykpainu (IIIb AEC HAH
VYkpainu), 3a JOMOMOTOI0 3MIHHUX HAaKOMWYYBAJIbHHUX IUIAHIIETIB [2] 3a mepiof 3
2019 mo 2021 p. minbHicTh Bunananus PA B mpoctopi OY Ha ropu3oHTaIbHUX
noBepxHsax (OyxmienbHa BigMiTka 43,00 M) cranoBuna 39 Bx/(m?: 100y).

AHami3 JaHuX JOCHIKEHb INUTBHOCTI TOBEPXHEBOTO Pall0aKTUBHOTO
3abpynaennst (I13) no 3Bemenns HBK Tta micnms repmerumsamii  #ioro
OTOPOJIKYBAJIBHOTO KOHTYPY MOKAa3ye, IO CepeiHs BEJIMYMHA 3arajbHOl MUTFHOCTI
[13 OeTa-akTUBHMMH HYKJIIJaM{ [OBEPXHI METaJeBUX KOHCTpyKuid y 3BP
30UTbIIMIINCH Y 9,3 pa3u, a BenuurHa HedikcoBanoro [13 —y 5,7 pasu (tabn. 3).

Cnig 3ayBakWTH, IO BHECOK alib(a-aKTUBHMX HYKIIJIIB Yy 3arajibHe
MOBEpPXHEBE 3a0pyAHEHHS pajlaliifHO-3a0pyITHEHUX METaJIeBUX KOHCTPYKIIIHA
(P3MK) He BU3HauYaBcA 3 TEXHIYHUX IPUUKH (BUCOKH ramma-¢oH y 3BP), a ixuboro
AKTHUBHICTIO Yy cKial HedikcoBaHoro I3 y nmpoMy BUIAAKy MOKHA 3HEXTYBAaTH 3
MIPUYMHU 3aHAJTO HU3bKUX BeMWYUH (Y MeXaX MOXUOKU BUMIpIOBaHH:) (Ta0I. 3).

Tabauysa 3. BenuunHU MOBEPXHEBOTO 3a0py/IHEHHS B 30HI BUKOHAHHS POOIT 3
JEMOHTaXY (hepMU TiJICUICHHS 0 BCTAHOBIIEHHS apKOBOI KOHCTPYKIIi B POEKTHE
MOJIO’KEHHS 1 Iep1oAy AOCHIIHO-poMHcIoBOi ekcrryaranii HBK

Baranshe 113, Hedikcosane I13, yact./(cM? - XB)
Jara Oera-yact./(cm? - XB) 0€Ta-4aCTKH anbda-4acTKH
mlama3oH Jlana3oH Jliaras3oH | cepeaH
cepenHe cepeiHe
3HAYCHb 3HAYEHb 3HAYEHD €
« | B11 4000 no Bix 15 Bix 0 10
05.2013 16 000 9500 10 310 190 3 2
) Bix 330 )
04.2021%* | BU23 0001 g5, 110 1080 | BAORO
o 16 0000 2700 5

Hpumitkn: * — 3a ganumu pociimkens [IIb AEC HAH Vkpainu [6]; ** — 3a
nanumu pociimxenb JICIT «Yopaoounscbka AECy [5].

Ha erani nepeanpo€ekTHUX AOCIIKEHb HEOOX1THO OUIBII JIeTaIbHE BUBYCHHS
BJIACTUBOCTEH HAKOMWYEHOTO TIIy Ha 30BHIMHIX mMoBepxHsx OY 3 meroro
BU3HAYEHHS PAJIOHYKJIIAHOTO CKJIaay My, HOTO IHUCIEPCHOCTI, XapaKTEPUCTHK
MUITY, 110 3HIMAETHCS, @ TAKOK MOKIIMBOCTI MIHOMY MHITY 3 IIOBEPXHI.

Paoiauitinuii ¢pon. 3a nHammmu gaHuMHU, NOTYXHICTH no3u (I1J]) ramma-
ompoMiHEeHHA (Ha BUCOTI | M Bia MOBEepxH1) Ha NUIsAHIN moTeHmiiHoi 3BP Ha
miBneHHin  mokpiBai  OY  komuBaerbes  Bim 1,4 mo 12,2 wm3B/ron
(cepemue — 5,9 m3B/Ton).

[lore ramma-BunmpoMiHIOBaHHA B Mexax 1mi€i 3BP  xapakrtepusyerncs
HEOTHOPI/THICTIO, 3 MaKCUMalbHUMHU 3HaueHHsMU Benmuuuuu [1J] (Bix 10,0 mo 12,2
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M3B/TOZ1) y LEHTpaJibHIA dYacTuHl (y310BX ociB), 1mo 00yMOBIEHO 3HAYHUMH
CKYITYEHHSIMH Pa/IlOaKTUBHUX MaTepiajiiB y 3aBajax MK ormopamu Oanku « MaMoHT»,
K1 3HAXOJAThCSA B MPOEKIi miBAeHHOI mokpiBiai OY. bmkxde 1o oci 42 3HauYeHHS
Benmunny [1/] MinimManbHi Ta nepedyBaroTh y Aiana3oni Bix 1,4 1o 2,8 M3B/rox.

3BaXkarouu Ha TSOKKI pajialiiiiHi yMOBH Ha IIJISIXaX JTOCTYITY, TPaHCIOPTYBaHHS
nepconany a0 uiei 3BP Oyzae 3aificHIOBaTUCS B 3aXMCHOMY €KpaHOBaHOMY OOKCI,
AKUWA TepeMilryeTbcss y BHyTpimmHbOMY 00’emi HBK 3a momomororw cucremwu
OCHOBHHX KpaHIB.

JinsHka Maiianuuky TumdacoBoro ckianyBanHa (MTC) xapakTepusyeTbes
BITHOCHO HU3bKUMHU 3HaYeHHsIMH BennuuH [1/]. Bucxigna moTyxHicTh 1031 raMma-
ONpOMiHEHHA (Ha BUCOTI 1 M BiJ MOBepxHi) KOJIMBaeThbes B Mexax Bix 0,0014 mo
0,0090 (cepeane — 0,0055) m3B/roa. Ilpore micnsa ckiaayBaHHS 1 TOBOKEHHS 3
dbparmentamu P3MK, 110 OyyTh 1eMOHTOBaHI, paaianiiidi ymoBu Ha fauisiHil MTC
3a3HAIOTh CYTTEBUX 3MiH.

MeToanka BUKOHAHHS IPOTHO3HUX PO3PAaXYyHKIB

VYHacnijok MexaHiuHoro BIUMBY Ha noBepxHi P3MK min yac BukoHaHHS poOiT
IIPOTHO3YETHCS] YTBOPEHHS BUCOKMX KOHIIeHTpaliil PA B mositpi 3BP, o npussene
JI0 3HAYHOrO padlaliiHOrO BIUIMBY HA IEPCOHAI 1 MOBITPSHE CEPENOBHILE Y
BHyTpiliHbOMY 00’emi HBK, a Takox m0 3a0pyaHeHHs 3aJiSHOTO B pOOOTI
TEXHOJIOTTYHOTO 00JIaTHAHHS Ta IHCTPYMEHTIB. 3Ba)Kar0uu Ha 0COOJIUBY HEOE3IEKY
poOir 13 pizanHa P3MK, € HaranbHa notpeda y mporHo3yBaHH1 KoHLeHTpaliid PA B
NoBITpI poOOYOi 30HM MM Yac BUKOHAHHS POOIT IS IUIAHYBAHHS BIJIMOBIIHUX
MPOTUPATIAIIHHUX 3aXO0/IIB.

Jli1s BUNaIKy BUKOHAHHS p13aHHA 3a0pyIHEHUX METAJIOKOHCTPYKIIii criocoOom
XOJIOJTHO1 J1a3MOBO1 pi3kH, KoHieHTpailis PA (C) y nositpi 3BP obuuncnioBanacs 3a
dhopmyIior:

S-K-d-L

V+q-t

C

ne:

S — UIBHICTH TOBEPXHEBOIO 3a0pyAHEHHS B MICLII BUKOHAHHS pOOIT 13
pizanns, Bx/m%;

K — xoedimienT aezaktusarii 0,1;

d — mMpUHA 30HU IHTEHCUBHOTO HATPIBY TIiJ] YaC BUKOHAHHS Pi3aHHS, M;

L — noBxuHA 30HU pi3aHHS, M;

V — 00’ eM MOBITPs 30HU, Yy AKili BUKOHYIOTECS pOOOTH, M;

g — BHJKICTh BUAAJICHHS MTOBITPS 3a JOMIOMOT'0I0 BEHTHJISAIIMHOI CHCTEMU
HBK, M*/rox.;

{ — 4ac BUKOHaHHS pO0OOTH, TOJI..

[TepenbauaeThcsi, MO B aepo3oibHY (OpMy Tmepelie BCEe TOBEPXHEBE
3a0pyJHEHHS 3 IUIONI 1HTEHCUBHOIO BIUIMBY IIiJI Yac BUKOHAHHS pi3aHHA, a
aepo30Jb PIBHOMIPHO PO3MOAUIUTHECA MK 00’€éMOM pPo00dYoi 30HU 1 00’ €MOM
MOBITPA, SIKE€ BUJAIIETHCSA 32 JOOMOroro cucteMu BeHTusii HBK.

Bukonanus oneparii i3 pizanus P3MK pydnuM iHCTpyMeHTOM OTpedye Takoi
opranizamii po0iT, ska 6 3a0e3meunia MiHIMAJIbHE, HACKIIBKHA II€ JO3BOJISIOTH
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HasiBHI pecypcH, onpoMiHeHHs poOodoro mepcoHany (mpunuun ALARA). Tak,
MIPOTHO3HI PO3PAXYHKH 32 MPECTaBICHOI (POPMYJIOI0 MOKa3yI0Th, III0 OCHOBHUM
(dakTopoMm, SIKUW BU3HA4Ya€ piBeHb KOHIEHTpauii PA B moBiTpi 30HU BUKOHAHHS
po0bit (3BP) € mBuakicTe BUKOHaHHS omepairii (pizaHHsa). UuM BOHA MEHINA, TUM
MEHIIIE IHTEHCHBHICTh HAAXO/MKeHHS PA B MOBITps, IO 03BOJIIE YHUKHYTH
nepeBunieHHs BenuunHU KP Ta 3acTocoByBaTtu OuTbll KOM(OPTHI IS IEpCOHATY
THUIIY 3aC001B 1HIMBIIyalbHOTO 3aXUCTy opraHiB nuxaHHs (3130/1). 3 iHmoro 60Ky,
3MEHIICHHS IIBUAKOCTI Pi13aHHS MPHU3BOJUTH 10 30UIBIICHHS J03M ONPOMIHEHHS
NEepPCOHANy 3a paxyHOK Ouibil TpuBajoro nepeOyBanHs y 3BP. I HaBmaku, uum
IIBU/IIIE BUKOHYETHCS Omepallis, TUM Oinbine KoHIeHTpauis PA B moBitpi, mo
npusBene 1o nepeBuieHHs KP i1 HeoOximHOCTI 3actocyBanHs i3omrorounx 3130/
MIPU OJJHOYACHOMY 3MEHIIEHH1 03U 30BHIIIHBOTO OMPOMIHEHHS.

3 IBOro BHUINIMBAE€ HEOOXIJTHICTH IEBHOI ONTHMI3AIli IIBUIKOCTI BUKOHAHHSI
omepartlii, sika BU3HAYAETHCS, 30KpPEMa, BIIACTUBOCTAMH MaTepially KOHCTPYKIIii,
TEXHIYHOIO XapaKTEPUCTUKOI 1HCTPYMEHTY JUIsi BUKOHAHHS pi3aHHA Ta
KBaJi(iKalieo mepcoHaty.

IIporno3yBanHsi 3a0py/AHEeHHSI MOBITPS i/l 4aC BUKOHAHHA POOIT

[IporHo3Hi po3paxyHku BuUKuAY PA OynyTh BUKOHYBaTHUCh JUISl TaKUX
TEXHOJIOTIYHUX OTepaIlii:

® pi3aHHA METAJOKOHCTPYKIM (epMH MiJICUICHHS Ha MIBJACHHIA MOKPIBIi
OV (pucyHok);

® pi3aHHA 3B’A3KIBOK (OMOPHUX KPOHILUTEWHIB) IO HUKHBOMY Ta BEPXHHOMY
MOSIC1 KOHCTPYKIIi (hepMU MIJCUIICHHS Ha MiBASHHIN NokpiBial OY (pUCyHOK);

® Dpi3aHHA J€MOHTOBaHUX (PparmMeHTiB pepmu miacuiaeHHs Ha austH MTC.
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Cxema po3MileHHs TOYOK Pi3aHHS METAJIOKOHCTPYKIIH depMu U JaHi 040
iXHBOT BETMYMHHM 3aTaJIbHOTO TTOBEPXHEBOTO 3a0pyAHEHHS [4].
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Jlis  TmpOTrHO3HUX PpO3PaxyHKIB, $AKI BHUKOHYIOTHCS 3a MPEICTABICHOIO
bopMyII010, BUKOPUCTOBYIOUM KOHCEPBATUBHUM MiAX1/l, IPUITYCKAETHCS:

® [IOBEpPXHEBE 3a0pYyTHEHH (3 OIVISAY Ha IOro BTOPUHHE MOXOKEHHS BHACIIIOK
ocianus PA 3 moBiTpsi), HasiBHE TUIBKU HAa TOPU3OHTAIBHUX MOBepxHsIX P3IMK;

e BIUIMB BeHTWIAMIMHOI cucteMu HBK Ha Bumanenns mositps 3 00’emy 3BP
BIJICYTHIH;

e PA, mo yrBopwucs BHachigok @parmentanii P3MK, piBHOMIpHO
PO3MOALIAIOTECS B 00’ eMi noBiTpst 3BP, sikuii Mmae reomeTpuuny Gopmy HamiBchepu
3 pajiycom 5 M i 06’ emom 262 M?;

e Micue po3pizy P3MK Oyne nezaktuBoBaHo 3 edextuBHicTio 90 % (uei
MOKa3HUK MPUUHATUNA HA OCHOBI JOCBIy BUKOHAHHS JI€3aKTUBallli aHAJIOTTYHHUX
KOHCTpYKLiK OVY).

Pizauns P3MK d¢epmMn miacuieHHs Ha miBaeHHii mnokpiBiai QY.
[lependayaeTnes, 110 poOOTH OYyTh BUKOHYBATHUCH 3a ornoMororo JIKPM 3 nrckoBoro
NWIKOI0, SKHA BCTAHOBJIIEHO HAa MOOUIBHIA I1HCTpyMeHTanbHIN ruiatdopmi (MIIT)
niaiomuoro kpany HBK. IIBuaKicTh pi3aHHs AUCKOBOI MUJIKK CTAHOBUTH 3,5 M/XB..

Ha pucynky nokazaHo HalOau»xk4i 0 MiCllb BUKOHAHHS pi3aHHs Touku P3MK
dbepmu 3 BIIOMUM MOBEPXHEBUM 3a0pyAHEHHSM. 3 OIVIALY Ha T€, 110 B KOHCTPYKIIT
nosicie  ¢epMu  BUKOPHCTOBYIOTHCSI  JIBOTABpOBI  Oalku PI3HUX  PO3MIPIB,
3aCTOCOBYIOYM KOHCEpPBAaTUBHHUH MIJX1JA, AN pO3paxyHKIB 0OpaHO ABOTaBPOBY
OaJiky, sika Ma€ HAMIUpIry noJauiro - 251x180 mm, tum 261111.

TakuM 4YuHOM, TIPUHRMAETHCS, IO IS JBOTaBpPoBOi Oanku Tumy 26111 31
IJIBHICTIO IOBEpXHEBOro 3a0pyaneHHs 130 000 GeTa-uact./(cM? XB) JOBXKHUHA Pi3y
ctaHoBuTh 0,36 M, a gac pizanns 0,18 xB. [Ipu oMy mupuHa pizy cTaHOBUTH 10
MM, a 30Ha TEMIIEPATYPHOrO BIUIUBY — 5 MM (3 KOKHOTO OOKY).

[Ipumyckaerbesi, 10 00’ €MHA aKTHBHICTh MOBITPSI pOOOYOi 30HM 32 BIACYTHOCTI
BIUIMBY cucteMu BeHTwsilii HBK (koHcepBaTuBHUM NiAX1) HE EPEBULIUTH 3HAYEHHS
y 63014,9 - 107 Br/M? GeTa- i anbha-akTHBHUX HYKIIiIIB BiANOBinHO (TabI. 3).

Tabauya 3. MakcumanbH1 porHo3Hi KoHIeHTpatii PA B mositpi 3BP mij yac
BUKOHAHHS poOiT 13 ¢pparmenTariii P3MK

Buxun MakcuMalibHa
Micue aKTUBHOCTI 00’eMHa
3BP i crioci6 srcopanms | Y MOBITPs 3BP, | akruBHicTh PA B
BUKOHAHHS pi3aHHs pisaHES bk nositpi 3BP, Bx/m’
P3MK P3MK* B- o B- o
AKTUB- AKTHUB- AKTHUB-
AKTUBHHUX
HUX HUX HUX
1 2 3 4 5 6
. Bepxns
P D |
niBJeHHil nokpismi OY i (E;?:;IHH 16% 00 1,3 630 [4,9-10°
3a jonomororw JIKPM a ’
wa MIIT dparmeHTH
D2-03
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IIpoodosoicenns mabn. 3

1 2 3 4 5 6
BiapizaHHs onmopHux
KPOHIITEHHIB (hepMHU
| [HACHICHHA Ha C3 34100 | 0,6 130 |2,3-103
MmiBAEHH1M MokpiBiai OY
BpyuHY (NOBITPSAHO-
MJ1a3MOBE Pi3aHHS)
(DparM?HTaum IeHTpanbHa
eJIEMEHTIB (hepmu
MCUJICHHS Ha TUISHITI [(I;CTHHa 3
epMH, 15700 | 0,3 60 1,2 - 10°
MTC 3a nonomoroxo dparmenT
JIKPM Ha BiacHOMy o2
xo;1y a60 Ha MITI

IpumiTka: * — BIAMOBIAHO JI0 TTO3HAYEHb HA PUCYHKY.

PizanH# 3B’A3KIBOK (OIMOPHUX KPOHIITEHHIB) 10 HU:KHBOMY T BEPXHbOMY
nosici KOHCTpykKuUii ¢gepmu miacuieHHs: HA miBAeHHiH mokpiBiai OY. Pobotu
BUKOHYIOTHCSl BPYYHY 32 JOIOMOTOIO TMEPEHOCHOTO OOJagHAHHS NJIsl TOBITPSHO-
MJIa3MOBOTO Pi3aHHA, SKE XapaKTepU3YEThCS TAaKUMHU TMapaMeTpaMH: IMIBUIKICThH
pizaHHs — 2,6 M/XB, IUPUHA Pi3y — 3 MM, IIMPUHA 30HU TEMIIEPATYPHOTO BILUTUBY —
2 MM (3 KOXKHOTO OOKY).

VY MiclsX pi3aHHS pyYHUM IHCTPYMEHTOM (BEpXHIN 1 HUKHIN MOSC KPIMJICHHS
MeTraneBoi (epMu) Jiama3oH BeMMYMHU 3araibHoro II3 cymu anbda- 1 Oera-
AKTUBHMX HYKIiaiB craHoBUTH Big 25000 no 120 000 uact./cM? - XB..

Tomi, mus mBenepa 250%125x8 MM, MOBXHHA PaJi0OaKTUBHO 3a0pyIHEHOTO
mBa jopiBHioe 0,25 M, mmeHicTh 113 anbda- 1 OeTa-akKTUBHUMH HYKJIIJaMH
cranosuth 113 000 gact./(cM?*xxB), a uac pizanns — 0,19 xs..

[IpunyckaeTncs, 10 aKTUBHICTH MOBITPSI pOOOUYO0T 30HU 32 BiJICYTHOCTI BIUIMBY
cuctemu BeHTW AT HBK (KoHCepBaTMBHUI TiAXia) HE MEPEBUIUTH 3HAYEHHS Y
1301 2,310 Bx/m® Gera- i anb(a akTUBHUX HYKIiAiB (1uB. Tadm1. 3).

Pizannsa nemonroBanux ¢parmentiB P3MK depmu nincuieHHs Ha
aissai MTC. Po6otu Bukonyrothess [IKPM Ha BracHOMy XoAy 3a JIOIOMOTOIO
JIUCKOBOI ITUJIKH.

Po3paxyHok mnporHosy o00’€éMHOI aKTHBHOCTI TOBITPsA MiJg dYac poOiT 13
nofanbinoi  ¢parmentanii  ¢parmenra D2 metaneBoi (pepmMu  MOCUIICHHS
BUKOHYBAaBCSl 32  MPEACTaBICHOI  (OPMYJIOI0 3  ypaXyBaHHSIM  THUILY
METaJIOKOHCTPYKIIIH 1 MOBEPXHEBOTO 3a0pyHEHHS B MICIISIX PI3aHHS.

[IBuaKiCTh pi3aHHS TMpUMaEThCs 3,5 M/XB, mmpuHA mBa — 10 MM, mupuHa
30HU TEMIIEPATypHOTO BIUIMBY — 5 MM. [IIBHAKICTH poOOTH BUTSIKHOT BEHTHJIIALIL
HBK — 80 000 m*/rox.

MertanokoHCTpyKIis, 1m0 Oyae po3pizaHa, — napHuil KyTHHK 140%140%9 mwm,
nowxkuHa mBa ctaHoBUTh 0,280 M. Makcumanbnae 3aranpHe [13 anmbda- 1 Oera-
AKTUBHUMH HYKJIiZIaMH CTaHOBUTH O01136K0 160 000 wact./(cM?xxB). Yac BUKOHAHHS
pi3anHs nmapHoro kytTHuka — 0,0027 rog.
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3 ypaxyBaHHsSM edEeKTHBHOCTI jAe3akTuBailli 3arampHe [13 amwda- 1 Oera-
AKTUBHUMH HYKJIIJJAMHU CTaHOBHUTH 01u3bK0 16 000 gact./(cM?XXB).

VYHaciI0K BUKOHAHHS BKazaHuUX poOiT, 00’eéMHa akTHBHICTH PA B moBITpI
po60YOoi 30HM He NepeBHINUTH 3HadeHHA y 60 i 1,2 - 10° bx/m> Gera- i anbda-
aKTUBHUX HYKJIIJIIB BIAMOBIIHO (Ta6m. 3).

BucHoBkn

1. T'epmernunicte cnopyau HBK copusie ocimannio PA 3 moBiTps #oro
BHYTPIIIHBOTO 00’€My, IO 3 IUIMHOM 4Yacy TMPU3BOAUTH JI0 TOCTYIOBOTO
301IBIIEHHS MIITFHOCTI TTOBEPXHEBOTO 3a0pyAHEHHS KOHCTPYKIIH, K1 MiUIATal0Th
JIEMOHTAXYy 3a MPOEKTOM nepeTBopeHHss OY Ha eKOJIOTIYHO OE3MeUHy CHCTEMY.

2. 3 momeHTy repmeru3sanii koHcTpykiii HBK (2018 p.) 1 mo TenepimHiii yac
HIUTBHICTH 3araJIbHOIO TOBEPXHEBOTO 3a0pyAHEHHS CYMOIO aib(a- 1 0eTa-aKTUBHUX
HYKJIA1B MeTajaeBoi (epMu MiACHICHHS MmiBAeHHOI nokpim OY 30uibmmunacs B 9,3
pasu i cranoBuTh Bix 25 000 go 160 000 gact./(cm? - XB) i3 cepenHiM 3HAYECHHAM
88 000 wacr./(cM? - xB). BigmosizHo HedikcoBaHe IOBEpXHEBE 3a0pyJHEHHS
30LIBIIMIOCE Y 5,7 pasu i cranoBuTh Bix 330 1o 2 700 uact./(cMm? - XB), i3 cepenHiM
sgaueHHsaM 1080 gact./(cMm? - XB).

3. VY 3B’s3Ky 3 BIJICYTHICTIO CyTTE€BHX MOTOKIB MOBITPs, (hparmenTairisi P3MK
y BHyTpitHboMY 00’ emi komruiekcy HEK-OV 3a monomororo py4yHoro iHCTpyMeHTY
MOKE CIPUYMHHUTH 3HAYHE 3a0pyJHEHHS TOBITPs pobodoi 30HU. Ili obcTaBuHU
noTpeOyloTh  OOOB’SI3KOBOTO  TMOMEPETHHOTO  BHU3HAUEHHS  TOBEPXHEBOTO
3a0pynHenHs P3MK 1 Ha OCHOBI 3alpomOHOBAaHOTO MIAXOAY HPOTHO3YBaHHS
3a0pynHeHHs noBiTps y 3BP mijg yac BUKOHaHHS py4HHUX POOIT AJIs 3aCTOCYBaHHS
aJIeKBaTHUX 3aX0JI1B 13 MPOTUPAIIALIHHOTO 3aXUCTy pOOOYOro NepcoHaly.

4. 3anpornoHOBaHMM MiAX1] JO3BOJUTH 3MEHIIUTH BIUTUB PA Ha onpoMiHEHHSs
NEePCOHANTY BHACIOK BUKOHAHHS POOIT y BHYTpilIHbOMY 00’ emi komiiekcy HBK-
OV 3a paxyHOK onTuMizallii BUKopucTaHHs 313 Ta BU3HAUYEHHSI 4aCy BHUKOHAHHS
pOOIT y KOHKPETHUX YMOBAX.

5. Tlicns mepeBipkHu OTPUMAHUX MPOTHO3HUX PE3yJIbTATIB HA MPAKTUII TaKUK
MiIXiA Yy BHpIMIEHHI MpoOjieM pamiamiiiHoi Oe3neku MepcoHalny Moxe OyTu
BUKOPHUCTAHO 1] Yac IUIAHYBaHHS MOAANBIIMX pajdialiiiHo HeOGe3neyHux poOiT y
BHYyTpiHbOMY 00’ eMi koMiuiekcy HBK-OV min wac foro excrutyarartii.
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PREDICTION OF AIR POLLUTION OF WORKING ZONES DURING
PERFORMANCE OF WORK IN THE INTERNAL VOLUME
OF THE NBK-OU COMPLEX

L. 1. Paviovskyi, D. V. Gorodetskyi, V. V. Derenhovskyi, Y.A Menshenin

Institute for Safety Problems of Nuclear Power Plants,
NAS of Ukraine, 36a, Kirova st., Chornobyl, 07270, Ukraine

The characteristics of the modern radiation situation in the areas of work under
the project “Reconstruction of the Shelter object of the SSE ChNPP in the part of the
dismantling of the metal truss of the southern roof reinforcement” are provided. It is
shown that during the period of research and industrial operation of the “New Safe
Confinement — Shelter object” (NSC-SO) complex, as a result of the sealing of its
containment circuit, there was a deterioration of the radiation situation due to an
increase in the amount of general and non-fixed surface pollution. The reason for
this is the deposition of radioactive aerosols, which are generated both in the Shelter
object and during construction work in the internal volume of the NSC-SO complex.
According to research data, the average value of the total density of surface pollution
by beta-active nuclides of metal structures in the areas of work under the project, for
the period from 2018 to 2021, increased by 9.3 times, and the value of unfixed surface
pollution by 5.7 times.

Such extremely unfavorable radiation conditions encourage the widest possible
use of unmanned technologies with the use of remotely controlled robot manipulators
(RCRM). In the case of the impossibility of using RCRM for radiation-hazardous
technological operations and their replacement by operations performed manually,
it is absolutely necessary to forecast the dynamics of air pollution in the working
area during the performance of such works in order to guarantee the effective
application of appropriate measures for personnel radiation safety.
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A predictive assessment of radioactive air pollution of work zones in the internal
volume of the NSC-SO complex during the execution of project work was provided,
which made it possible to optimize measures for the radiation safety of working
personnel, in particular, in the selection of appropriate types of means of individual
protection of respiratory organs. The proposed approach can be used during the
planning of further radiation-hazardous works in the internal volume of the NSC-SO
complex, namely, during the dismantling of unstable structures of the Shelter object
and the partial removal of nuclear materials and high-level waste from the Shelter
object.

Keywords: Chornobyl NPP, southern roof, RCRM, radioactive aerosols,
predictive assessment.
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95



BUKOPUCTAHHA JIYI'IB BOPBMICHUX PPB ITPU
KOHIAUIIIOHYBAHHI BIAXOAIB Y 'EOITIOJIIMEPHY MATPHUIIIO

A.M. Posxo!, IO.I". ®edopenxo?®, b.I1. 3n06enxo’

! InctutyT reoximii, Minepanorii Ta pynoyrsopenns iM. M. I1. Cemenenka
HAH VYkpainu
2 IV «IuctutyT reoximii HaBkomumHboro cepenosuina HAH Vkpainu

B po60Ti 3’ICOBYIOTHCSI MOKJIMBOCTI KOHAMUIIIOHYBaHHS P1IKUX Pai0aKTUBHUX
Bimxomie (PPB) muisxom moegHaHHS 11X 3 TEOMOJIMEPHOI MATPHIICIO, sKa
CHMHTE30BaHa 3 3ally4CHHSM JIyTiB, 10 BXonasTh A0 ckiaxy PPB. OpnouacHo
PO3TISAAIOTHCS YMOBU BUKOHAHHSI TAKOTO KOHAMIIIOHYBaHHS.

V sxocTi imitaty PPB Oyno o6pano monensHuii po3unn K3 3 6aky OTW20B02
CK-1 3 conemictom 800 1/11 3a gaHuMu xiMiuHOi s1abopartopii 3anopizpkoi AEC
(2018p.)

Cxnan imitary, %:

Na2B40O7-5H20 - 60.04

NaNO3 ~ 134
NaCl - 0,55
Fe203 ~ 043
NH40H (25% p/p) - 02
KOH ~ 34
NaOH ~ 226

pH po3uuHy iMiTaTy CTaHOBUTH 12.

JJis TeonomiMepHOTro 3B’ S3yI0UOT0 BUKOPHUCTOBYBABCS TPaHYJIOBAHHUH IIIJIAK
MapiynonascbKoro Metranypriinoro komoinaty (2021p.). Ak nokazanu pe3ynbTaTH
PEHTIeHIBCHKOTO (ha30BOT0 aHAJI3y y CKJIal IJIaKy MepeBa)kae CKIOnoi0Ha ¢dasa.
TunoBi g1 NUTaKiB KPUCTAIIYHI KOMIOHEHTH OpEIUTIT, MEPBIHIT Ta IHII HE
crocrepiraiucs. YacTUHKY IIJIaKy MOIJIM YTBOPIOBATH LIUIbHY YIIaKOBKY, IO 11O
CBITYUTH BUCOKA (ppakTasibHa po3MipHicTh (D = 2,71) cykynHocti yactuHok. [1mak
MaB po3Mip dactTuHOK < 0,08 mMm. JlucmepcHuid ckiaj 3a0BUTHHO OMHCYBaBCSA
piBHsiHHSAM Po3ena-Pammutepa 3rigHo 3 hopmyroro:

Q(d)=100(- exp (-7.9E - 02-d0.917)).

JIJist oTpUMaHHsI KOMITAYH/IB IMITaT miAirpisaiu g0 remnepatypu suiie 60 °C.
Jlo HBOTO momaBaBcsi miairpituid 1o 65 oC TpaHyJbOBaHUN NUIAK 1 MpH
nepeMillyBaHHI — Yy HEBEJIUKIN KUTbKOCTI BOJA.

OTpuMaHMil KOMITAYHJI MaB HACTyITHUW CKJIAJ:

Imitat (comi) — 22.7%
[nak —56.7%
Bona —20.6%.

TyxaBnenns nmodanocs 3a 40 XBUIKH 1 3aKiHYMIIOCS 32 80 XBUIJIMH BiJl TOYATKY
3mimryBaHHs. Komnaynau 3Haxonunucs Tpu 100U y aTMocdepl HaCHYEHHX MapiB
BoaH,. [licist woro 3pasku nepedyBanu mpu temmeparypi 8°C — 10°C. 3Baxaroun Ha
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MOBUIbHY BTpaTy BOAM 3a Takoi temmepaTypu ix cyurmin npu 30 °C—40 °C. Ilo
JIOCSITHEHI1 TTOCTIMHOT MacH 3pa3kyi BUBYAJIUCS METOJJAMHU PEHTI€HIBCHKOTO (ha30BOTO
aHajizy, repmorpadii, BUMiproBaIach Meka MIITHOCT1 Ha CTUCK, IIOPUCTICTh Ta 1HIIIE.

[Tpu cmiBigHomeHnHi PPB (imitar) mo miaky sk 2 : 3 13 CKJIaJloM KOMIIAyH/I1B:
imitat PPB — 37.7 %, nuak 56.6 %, Boga 5.7 %, oTpuMaHO 3pa3Ku KOMIAYH/IB 3
nopucticTio < 0.2, TEpMIHOM MOYATKy TYy:KaBieHHS OMu3bko 40 XBUIIMH, 3 MEXKEIO
MIITHOCTI Ha cTUCK Ouibine 6MI1a.

HeoOxinHuMu ymMOBaMH CHHTE3y € TeMiieparypa nuiaky ta PPB (imitaty) >
60°C, pH PPB > 12, npu nipociroBaHHI TUTAKy 3JIAIIOK Ha cuTi 80 MKM He Oimbime 1
+ 2%, mocTaTHs KUIBKICTh CKII0MOA10HOT (ha3u IIaKy, MepeMIITyBaHHs 3B’ I3yI0UOTO
IIPU MO€THAHH] BCIX KOMIIOHEHTIB MPOTATOM 3 +5 XBUJIMH.

B pe3ynbrari BUKOHaHOT poOOTH MOKa3aHa MOIIUBICTh CHHTE3Y 3B’ SI3yI0UOTO
Ha OCHOBI TPaHyJbOBAaHOTO JOMEHHOIO IUIaKy akThuBoBaHoro Jyramu PPB
(imitary).

Cning 3a3HayuTH, MO0 HA BIAMIHY BiJ 3aCTOCYBaHHS MOPTIAHMLIEMEHTIB Yy
BUIAAKY 3 LIEMEHTYBaHHSAM TeomnojiiMepaMH Boja (YU BOJHUI PO3YMH JIYTiB) A0
CKJaay TEOIOJIIMEPIB HE BXOMASTh, a € JILIE TPAHCIOPTHUM CEPENOBUIIEM IMpU
cunte3i. [Tics reonosiMepi3zaliii Bojia 4d BOAHUN PO3UMH IIEPEOYBaIOTh y IIOPOBOMY
MIPOCTOP1 KOMITAYH/IIB Y BUIbHOMY CTaH1 1 MOXKYTb OyTH BUITyY€HI 32 TEMIIEPATypPOIO
1050C — 1150C.

Peanpni PPB MaroTh y ckiajil MOBEPXHEBO AKTHMBHI PEYOBUHH, SIKI MOXYTb
BUKOHYBAaTH (PYHKIIi miacTU(IKaToOpiB, M0 Oyne 3MEHIIYBaTH KUIbKICTh BUIBHOI
BOJIM y KOMITayH/IaX.

THE USE OF LRWBORON-CONTAINING ALKALIS IN THE
CONDITIONING OF WASTE IN A GEOPOLYMER MATRIX

A. Rozko, Yu. Fedorenko, B.Zlobenko

A. Rozko Ph.D.(Geology), Senior Researcher in the M. P Semenenko Institute
of Geochemistry, Mineralogy and Ore Formation of the NAS of Ukraine, 34,
Palladina av., Kiev-142, 03680 Ukraine.. ORCID:0000-0002-4614-5569,
al.rozko(@gmail.com

2Yu. Fedorenko Researcher SI "Institute of Environmental Geochemistry of the
NAS of Ukraine", 34a, Palladina av., Kiev-142, 03680 Ukraine

B.Zlobenko Senior Researcher SI "Institute of Environmental Geochemistry of
the NAS of Ukraine", 34a, Palladina av., Kiev-142, 03680 Ukraine,
borys.zl@gmail.com

The paper investigates the possibilities of conditioning liquid radioactive waste

(LRW) in a geopolymer matrix, which is synthesized on the basis of alkalis that are
part of the LRR. The necessary conditions for such conditioning were considered
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INPABOBE PEI'YJIIOBAHHS SIJIEPHOI BE3IEKU
Casuyk Onena Onexcanopiena

K.}0.H., IOIICHT, JOIEHT KadeaApH €KOJIOTIYHOTO MpaBa
HarmionansHoro FOpuauanoro yHiBepcuteTy iM. 5. Myaporo;
noteHT kadeapu mpaBa HarioHaTpHOTO a8pOKOCMIYHOTO YHIBEPCUTETY
iM. M. €. )KyKkoBchKOTO
M. XapkiB
helensavchuk13@gmail.com

Ha croroguimHiii AeHb, OYEBUIHUM € BAXKIUBICTH 3a0€3MEUCHHS SIICPHOI
Oesmexku st YKpaiHd. BucTymarouum  CKIIAQqOBOIO  €KOJIOTIYHOiI  Oe3mekH,
XapaKTEPU3Yy€EThCS 3/IIMCHEHHSIM KOMILJIEKCY OpTraHi3alliiHUX, TPABOBUX, TEXHIYHUX,
MOJITUYHUX, €KOHOMIYHMX, OCBITHIX Ta 1HIIUX 3axojiB. Lli 3aXxoau CTBOPIOIOTH
NEBHUI TPABOBUN MEXaHI3M, SIKUW CKJIQJA€ThCs 13 CUCTEMH IPABOBUX 3aXOJiB,
CIPSIMOBAaHUX Ha TOTPUMAHHS JOIMYCTUMUX MEXK paiallifHOTO ONIPOMIHEHHS JTFOIeH
1 HAaBKOJIMIIIHHOTO CEPEOBUINA, BU3HAYCHUX CTaHIapTaMu, MPaBUJIaMHU Ta HOpMaMU
Oe3reku, 3a0e3MeueHHs] HaJIMHOTO 3aXUCTy HACEJICHHS Ta MEePCOHATy, BUKOHAHHS
TEXHIYHOT'O0 0OCIIyTOBYBaHHS SIACPHUX PEAKTOPIB.

VY cnemianizoBaHiii HAyKOBiH JiTepaTypi M AAepHOIO OE€3MEKOI0 PO3YMIIOTh HE
TIJIbKM 3aXUCT BiJ aBapiii B aTOMHUX YCTAHOBKax, a M 3aXMCT BIJ LIKIJJIMBOIO
BIJIMBY Pa/IlOAKTUBHUX PEYOBUH Ta 10HI3YIOUMUX BUIIPOMiHIOBaHb. BUMoOru sigepHoi
0e3MeKH MOBUHHI OJJHAKOBOIO MIPOIO CTOCYBATHCS SIK YMOB BUPOOHHUIITBA MaJMBA,
€Heprii, Tak 1 mepepoOKH, TPAHCIOPTYBAaHHS Ta 30epiraHHs BIAX01B [1].

[lo & cTOCYeThCS BHUKOPUCTAHHSIM SIIEPHOI €Heprii, MiJl OCTaHHBOIO
PO3YMIETHCSI CYKYITHICTh BUIB JISJIBHOCTI, TIOB’I3aHUX 13 BAKOPUCTAHHAM SIIEPHUX
TEXHOJIOT1, SIACPHUX MaTepiajiB, HKEpEN 10HI3yI0UOTr0 BUIPOMIHIOBAHHS B HAYIII,
BUPOOHUIITBI, MEJTUITMHI TA THIIINX TaTy35X, a TAKOXK 3 BUAOOYBAHHSIM YPAHOBUX DY/
Ta MOBOJDKCHHAM 13 pajliloaKTUBHUMH BiaxojgamMu. OTKe, OCHOBHUMHU 00’ €KTaMH
MOTEHIIITHOT SAEPHOI Ta pajiaiifHoT HeOE3MEeKH € MIAPUEMCTBA SIe€PHO-TTAIIMBHOTO
nukity, nepiur 3a Bce AEC, nocmigHUIbKl peakTopH, MiAITPUEMCTBA 3 BUIOOYTKY Ta
nepepoOKHu ypaHy, MiANPUEMCTBA, SIKI BHKOPHUCTOBYIOTH pajiariiHO HeOe3neuHi
PEYOBMHM 1 TEXHOJOTIi, a TaKoX paJalOaKTUBHO 3a0pyaHEHl BHACIIJIO0K
YopHoOunbcbkoi katactpodu teputopii [2, ¢. 182].

Tpebda nmorogutucs 3 te3oto 1. O. ['Bo3auka, sikuil HaroJonrye Ha TOMy, IO
ICHyBaHHSI BEJIMKOI KUTBKOCTI SICPHUX YCTAaHOBOK TOCHIIIOE PH3WUK BUHUKHCHHS
HeOe3NMeyHuX i JOBKUUIS SICPHUX IHIMJACHTIB Ta OOYMOBIIIOE TOTpeOy Y
dbopMyBaHHI MPaBOBUX MEXaHI3MIB 3a0e3NedeHHs siiepHoi Oe3neku. Ha BupimeHHs
IILOTO 3aBJIaHHS CIIPSMOBAHO €KOJIOTTYHE 3aKOHO/IABCTBO B KOHTEKCTI PeryJIIOBaHHS
BIJIHOCHH 13 3a0€3I1eUeHHsI €KOJIOT1UHO1 Oe3meku [3].

["on0BHKM B onTUMi3allii poOOTH SIEPHOTO KOMIUIEKCY i Y BUBEJICHHI MOTr0o Ha
HAJIC)KHUH piBEHb (PYHKII1IOHYBaHHS IOBUHHO CTaTH yIOCKOHAJIEHHS OpraHi3aliifHo-
MIPABOBOT'0 MEXaHI3MY JEPKABHOTO PETYIIOBAHHS AISNIbHOCTI HA PUHKY €HEPTE€TUKH,
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BU3HAUEHHS I[UIEH, 3MICTy, 3aBJaHb Ta MPABOBUX 3aCO0IB TAaKOTO PETYJIOBAHHA,
BpaxyBaHHS BaXXJIMBUX OCOOJHUBOCTEM OO0’€KTIB, a TaKOX CHCTEMHU CYyO’ €KTIB
OpraHizaniifHoO-rocrnogapChbKuX MOBHOBAKEHb Ta ONTHUMAJIbHOI MOJEINI B3a€EMO/III
MK HUMH [4. ¢. 163].

3akoH Ykpainu «IIpo m03BUIBbHY AISUTBHICTE y cepl BUKOPUCTAHHS SAEPHOI
eHeprii» BU3HAYaE MPaBOBI Ta OpraHizalliiiHi 3acajau J03BUIBHOI AISUIBHOCTI y cdepi
BUKOPUCTAHHS SIJICPHOI €HEprii, a TaKOX 3arajibHi MOJOXKEHHS pEeryJIIOBaHHSA
CYCIIUIBHUX BIAHOCHH, IO BHHHUKAIOTH MiJ 4Yac ii MPOBAaJDKEHHS, SK BUHATOK 13
3araJlbHUX TIOJIOKEHb, YCTAHOBJIEHUX 3akoHOM Ykpainu "lIpo mnineH3yBaHHS
NEBHUX BHJIIB TOCMONAPCHKOI AismbHOCTI". Hagae BU3HaueHHs AisIbHOCTL y cdepi
BUKOPHUCTAHHSA AJIEPHOI €Heprii, 30KkpeMa, BU3HAYAI0UH OCTaHHIO SK JISJIBHICTh, Y
npoueci  SKOi  BUKOPUCTOBYIOTBCS  JOJATKOBI  JDKEpena  10HI3YHUYOro
BUIPOMIHIOBaHHS, Jisl 3a3HAYEHOT0 BUMPOMIHIOBAaHHS MOIIUPIOETHCS HA JOJAATKOBI
TpyIu JIIo1e a00 3MIHIOETHCSI CUCTEMA HANPsIMIB BUIIPOMIHIOBAHHS B1Jl ICHYIOUHX
JUKEpeNl, y 3B’SI3KY 3 UMM MIJABUIIYETHCA /1032 YM HMOBIPHICTH OMPOMIHIOBAHHS
JroJie a00 KITBKICTB JIIOJICH, SIKI ONMPOMIHIOIOTHCA. Y CBOIO 4Uepry, CT. 4 IbOTO
3aKOoHY BCTaHOBIIIOE METY JIO3BUIBHOI AISUIBHOCTI Y c(hepi BUKOPUCTAHHS SIEPHOI
€Heprii, Ko € 3a0e3NMe4YeHHs] BUKOPUCTAHHS TIIbKU THUX SJICPHUX YCTAHOBOK,
JUKEpeIT 10HI3yI0U0TO BUIIPOMIHIOBaHHS, 00’ €KTIB, MPU3HAYEHUX JIJISl TOBOJIXKEHHS 3
paIioaKTUBHUMH B1JXO0JIaMH, YPaHOBUX O0’€KTIB, pIBEHb SASPHOI Ta pajiamiiHol
O€3MeKU SIKUX BU3HAHO TAaKUM, 110 BIAMOBIAA€ MIKHAPOIHO BU3HAHUM BUMOTaM Ha
OCHOBI1 BCEOI1YHOI OILIIHKU yCiX (DaKTOpIB, AK1 BILUIMBAIOTh HA O€3MEKY, BKIOYAIOUU
3abe3rneueHHs (13UYHOTO 3aXUCTY[S].

3aBIaHHA SICPHOTO 3aKOHOIABCTBA BU3HAYEHO Yy CT. 3 3akoHy Ykpainu «IIpo
BUKOPUCTaHHS SIEPHOI €Heprii Ta pajiamiiiHy Oe3neky», 30KpeMa, IpaBOBe
pEryJItOBaHHs CyCHUIbHUX BIJHOCHH 1]l Yac 3/IMCHEHHS BCIX BHUJIB JISUIBHOCTI Y
chepl BHUKOPUCTAaHHS SIIEPHOI €HEpPrii; CTBOPEHHS NPAaBOBUX 3acaj CUCTEMU
yOpaBiiHHSA Y cdepl BUKOPUCTAHHS SACPHOI €HEprii 1 CUCTEMHU pPEeryIIOBaHHS
Oe3MeKu 1ij] YaC BUKOPUCTAHHS SIICPHO1 €HEprii; BCTAHOBJICHHS TTpaB, 000B’A3KiB 1
BI/IMOBIAAIBHOCTI OPraHiB JIepKaBHOI BIaIH, MIAMPUEMCTB, YCTAaHOB 1 OpraHi3allii,
MOCaJOBUX OCI0 1 TepcoHalmy, a TaKoXX TIpPOMaIsH CTOCOBHO iX MisJIBHOCTI,
MOB’5I3aHOI 3 BUKOPUCTAHHSM SIIEPHOT €HEPrii; BU3HAUYCHHS OCHOBHUX TPHUHITUIIIB
pamiaIifiHOTO 3aXUCTy JIIOJEH Ta HABKOJMIIHBOTO TPUPOTHOTO CEPEIOBHINA;
3a0€e3MeUeHHsl y4acTi TpOMaJIsiH Ta iX 00’ eiHaHb y (OpMyBaHHI AeP>KABHOI MOJTITUKA
y cdepl BUKOPUCTaHHS SAIEPHOI €HEPrii; CHPHUSHHS MOAANbIIOMY 3MIITHEHHIO
MIKHAPOJIHOTO PEKUMY O€311eYHOTr0 BUKOPUCTAHHS AIepHOi eHeprii [6].

Kpim Toro, 3akon VYkpainu «IIpo mNopsiAoKk HPUHHATTA pillleHb PO
PO3MIILIEHHS, TPOEKTYBaHHsS, OYyAIBHUUTBO SACPHUX YCTAaHOBOK 1 OO €KTIB,
NPU3HAYCHUX JUIsI TIOBO/DKEHHS 3 PaJIlOAKTUBHUMHU BIIXOJaMH, SIKI MaroTh
3arajbHOJICpKaBHE 3HAYCHHS» YCTAHOBIIIOE 3arajbHI MPaBOBI 3acajy MPUWHSITTS
pillieHb TIPO PO3MIIIEHHS, MPOCKTYBaHHS, OYIIBHMIITBO SIIEPHUX YCTAHOBOK 1
00’ €KTiB, MPU3HAYCHUX JIJIS IOBOKCHHS 3 PallOAaKTUBHUMHU BIJXOJaMH, SIKi MAIOTh
3arajpbHOJIepKaBHE 3HAYCHHS. Y CT. | 3aKOHY BCTAHOBJICHO MEPENiK yCTAHOBOK 1
00’ €KTiB, MPU3HAYCHUX JIJIS IOBOKCHHS 3 PaIIOAKTUBHUMHU BIJIXOJaMH, SIKi MAfOTh
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3arajJbHO/IEpKABHE 3HAYCHHS SIIepHIMH yCTaHOBKAMH 1 00’ €KTaMU, MPU3HAYCHUMHA
JUIS TIOBOJDKCHHSI 3 PaJIlOAKTUBHUMH BIJIXOJAaMH, SIKI MalOTh 3arajibHOJIEpKaBHE
3HAQYCHHS, €: aTOMHI eJIeKTPUYHI CTaHIli; aTOMHI CTaHIIi TEIUIONOCTaYaHHs;
JOCTITHUIIBKI ~ SIACPHI  pEaKTOpH; CXOBHUINA, NPU3HAYCHI I 30epiraHHs
BIJIMPAIbOBAHOTO SIICPHOTO TajiiBa a00 BUCOKOAKTUBHUX PaJl0aKTUBHUX BIIXOJIIB
3 MPOEKTHUM CTPOKOM 30epiranus moHaj 30 pokiB (KpiM YCTaHOBOK, BKIIFOUEHHUX JI0
TEXHOJIOTTYHOTO ITUKITY SIZIEPHOI YCTAaHOBKH ); T€0JIOT1YH1 CXOBHIIIA JJISl 3aXOPOHEHHS
PaIlOaKTUBHUX BITXOIB Ta/abo BiI[HpaHBOBaHOFO SI7ICPHOTO TATHBA [7].

OTxe, Oepyuu 10 yBard IUTMHHICTh Yacy Ta AUHAMIYHUN PO3BUTOK CyJacHUX
BUK/IUKIB 1 3arpos, WO TOCTAIOTE KOXEH JICHb, y TOMY YHUCIII CHPUYNHCHUMH
BOEHHUMHU [IIMH Ha TEPUTOPIi HAmOl KpaiHW, BBAXKAEMO BKpall aKTyallbHUM
JOCIIDKEHHST  pajiamiiiHoi Oe3neKkd TMpu BHKOPUCTAHHI SJIEPHOI  €HEprlIi.
3aKOHOAABCTBO YKpaiHU BUAAETHCSA JEHIO 3aCTAPLIMM, HE JTUBIISIYUCH HA TE, IO
OyJu cipoOW BHECEHHsI BIJIMOBIAHUX 3MiH 1 JIOMOBHEHb. 3 OTJIAAY HA IIe, Ta IHIII
00’€KTUBHI YMHHHMKH, BOAYAETHCS HEOOX1THUM OHOBJICHHS HOPMATHBHO-IIPABOBOL
0a3u 3a0e3neueHHs paaiaiiHol O€3MeKH 3 MOKIUBICTIO MOAJIbIIOT KoAU(IKaIli y
3a3HAYEHIN [apUHi.
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Abstract. The paper analyzes the regulatory and legal regulation of nuclear
safety in Ukraine. They emphasize the importance of optimizing the operation of the
nuclear complex, and bringing it to the proper level of functioning should include
the improvement of the organizational and legal mechanism of state regulation of
activity on the energy market, the definition of the goals, content, tasks and legal
means of such regulation, taking into account the important features of the objects,
as well as the system of subjects of organizational and economic powers and the
optimal model of interaction between them in connection with the threats that arise
due to the existence of a large number of nuclear installations. It was determined
that the main objects of potential nuclear and radiation danger are nuclear fuel cycle
enterprises, first of all nuclear power plants, research reactors, uranium mining and
processing enterprises, enterprises that use radiation-hazardous substances and
technologies, as well as radioactively contaminated as a result of Chernobyl
disasters of the territory. In the course of the work, we came to the conclusion that
the study of radiation safety when using nuclear energy is relevant. The legislation
of Ukraine seems to be somewhat outdated, despite the fact that there have been
attempts to introduce relevant changes and additions. In view of this and other
objective factors, it is considered necessary to update the regulatory framework for
ensuring radiation safety with the possibility of further codification.

E®EKTUBHE MOJIEJIOBAHHSA IUHAMIKH SR-90 B
JHITPOBCBKHUX BOJOCXOBHIIIAX

Cuszonenko Bonooumup

[acTutyT Kibepuetuku im. B.M. I'nymkoBa HAH VYkpainu, m. Kuis
jasizyj@yahoo.com

B yMoBax BIMCHKOBHX /il Ha TepUTOpli YKpaiHHU, KOJIU 3pOCTA€ BIPOTIIHICTD
MONIKO/KEHHS S/IEPHUX 00’ €KTIB, a00 THIIUX MUIAX1B HAIXOMKCHHS Pall0aKTUBHUX
MaTepiajliB y BOJHE CEpPEOBHUINE OCOOJMBY aKTyallbHICTh HaOyBa€ IIBUAKE 1
JIOCTaTHBO TOYHE BU3HAUEHHS KOHLIEHTPALIH paJlOHYKIIIIB Y KIFOUOBUX MICISIX —
B0J103a00PH, BEJIMKI MiCTa 1 T. iH.

ABTOPOM 3apONOHOBAHO 1 peali3oBaHo B MporpaMHux koaax moaeins UNDBE
(UNDrikin BEaconer), sika Ha BIAMIHY BIJ MIUPOKO PO3MOBCIOJKEHUX 1-2-3
BUMIPOBUX MOJIENCH, M0 TPaJWIIMHO BUKOPUCTOBYIOTh aJBEKIIHI PIBHSHHSA
nucniepcii (advection dispersion equation (ADE)), daktuuHo 3acTOCOBY€E METON
arperoBaHoi mepTBoi 30HU (aggregated dead zone (ADZ)) [1-3].

3amicTh TOro, 100 MOJEIIOBATH KOHIEHTPALII0 pO3UMHY O€3MepEepBHO K HA
BiJICTaHi, Tak 1 B 4aci, moaenb ADZ BuUKOpucCTOBYE Miaxia "dopHoi mryxmisau'" i
IPOCTO PO3TJIsiAa€ KOHIGHTPAIII0 HAa BUTOKY KaMepH sSIK (YHKI[IO KOHIICHTpaIi
BX1JTHOTO CUTHAIy 1 4acy.
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IIpu boMy BomoiiMa (piuka, BOJOCXOBHIIE) PO30OMBAETHCS HAa KaMepU MeEXKi
SIKUX CITIBIAJAIOTh 3 MICIISIMU JJISl IKMX HEOOX1THO 3pOOUTH PO3PaXyHOK.

Mopens y MOpIBHSHHI 3 BiAOMHUMHU 1-2-3 BUMIPpOBUMH MOJEISIMU BHUMarae
3HaYHO MEHINIOI KUTPKOCTI IMOYAaTKOBUX JAHMX 1 3a0e3medye pi3ke 3MEHIICHHS
MOTPIOHOTO KOMIT IOTEPHOTO Yacy MpH 30€peKCHHI TOYHOCTI B MEXax HasBHUX
MOXHOOK BUMIPIOBaHb.

B moneni nependaueHo MOXKIMBOCTI 3/IIHCHIOBATH PO3PAXYHKH:

- KOHIICHTpAIlil 3a0pyTHEHHS Y pO34YWHI, Ha 3BUCIUX HaMyJjax, B IIapi JOHHUX
BIIKJIaJE€HD;

- KOHIICHTPAIII 3BUCINX HAMYJIIB;

- MacH JOHHUX BIJKJIaJICHb, SIKI aKTUBHO B3EMOJIIIOTH 3 3a0pYTHCHHSIM;

- 00’eMiB, BUTpAT BOJIM 1 CEPEIHIX IMIBUIKOCTEHN TeUii JIJIsl KOXKHOI KaMEpH.

[Iporpamua peanizamiss BKJIOYa€E OJIOK NapaMeTpPUYHOl 1IeHTH(IKaLii
(PeanizoBano meronq RALG — moiryk ekcTpemyMmy HeAaudepeHIbOBaHOI Oarato
napameTpuyHoi ¢pyHkiii. Po3podka [ncturyty Kibepuetuku im. ['mymikona) [4,5].

Kommiorepna peanmizamis mojeni Oyna BumpoOyBaHa TpuW BUKOHAHHI
MixkHapoHoro npoekty EMRAS [6].

[ToTpiOHO OynO 3A1MCHUTH MOJEIIOBAHHS MIEPEHOCY BUKUIB PaJi0OaKTUBHOIO
TpuTito Bia st AEC (14 spepuux peaktopis) B 350 kimomeTpoBoMy pycil p. Jlyapu
npotsarom miB poky (Puc. 1). HeoOxinHo Oysi0 BU3HAYUTH ATUHAMIKY KOHIIEHTpAIlii
TpuUTito B 11 mMyHKTax 3 4aCOBOIO MUCKpETHICTIO. JlaH1 BUMIpIOBaHb OyJU HaJaHi
VYrpasninusam PerionansHoro Lentpy JoBkumis 1 EDF EnekTpoeHepreTHuHOIO
kommnaHiero OpaHilii Tex 3 4aCOBOIO TUCKPETHICTIO.

Jlns 3actocyBanHst mozeni 350-Tu kutomMeTpoBy AUIIHKY p. Jlyapu Oyro
po36uTo Ha 33 mocnigoBH1 kamepu. Po3paxyHok rimposorii p. Jlyapu (33 kamepu
350-K1I0METpOBOT IUISIHKH, JUISl IMIECTUMICSIYHOTO I1HTEPBAIy MOJICTIOBAaHHS 3
4acoBOIO TUCKpeTHICTIO) moTpelye 20 xBunnH yacy EOM 3 nmporiecopom Intel Core
15-9600K. Po3B'sa3aHHs 3a/1a4i IEPEHECEHHS TPUTIIO 3a JJOTIOMOTOIO0 3aPOIOHOBAHO1
mozeni UNDBE 3piticHtoeTbes 3a 8 cekyHa. OCKUTBKY T1APOJIOTTYHUNA PEXUM PIUKA
HE 3aJIeKUTh BiJ] TPAHCIIOPTYBAHHS TPUTIIO, TO PO3PaAXyHOK BOJHOTO PEXKUMY OyB
BUKOHAHWM OJIHOPA30BO IS BCHOTO Jlialma30Hy MOJKJIMBUX BHTpPAT BOJHU, a
pe3yabTaTH BHKOPHUCTOBYBAJIHUCS SIK MACHB BHXITHUX JTaHUX IS 0araropa3oBUX
OpOpaxyHKiB TpH BUPIIICHHI 3afadl 1eHTU(diKalii MmapaMeTpiB MEepeHECEHHS
TPUTIIO, 110 3HAYHO MPUCKOPUIIO BUSHAUCHHS ONITUMAIBHUX 3HAYCHbB T1POJIOTIIHUX
1 TOKCUKOJIOTIYHUX mapamMeTpiB p. Jlyapu.
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Abscissa (m) Mame
532820 Belevile
532830  RejetBelavile
544780  ChatillenSurloire
559600 Gien
569100  RejetDampierre
575030  Ouzouer
12660 SaintDenisHaotel
B27140 Crleans
B33530 Crleans
B37180  SaintPryve
10 838340 SantMesmin
11 B43420  Mareau
- 12 851010 MeungSurLaire
& 7 13 658830  Beaugency
& ' 14 BEB3IB0  RejetStLaurent

’ 15 BT22%0  Nowan
18 BOT00  ChawsseeSaintVictor
17 709770  Onzain
18 727610  Amboise
18 747400  Tours
20 750020  Tours
21 788180 Cher
22 774770 Langeais
23 700740  LaChapele
24 793410 Indre
25 TOEZBO  Awoine
26 7O7280  RejetChinon
27 800210 Bertignolies

k | 28 BD4030  Vienne

* | - - . - 29 331010 Gennes

A0 00 = O LN e L B =

. e / 30 856140  Angers
Loire estuary Loire river system : 31 856560 PontsDeCe
120 km Laire 350 ko 32 884010 Maine

Wierme 120 kan 33 8BE3V0  Maonijean

Puc. 1. PiukoBa cucrema p. Jlyapu

[InsixoM MojeroBaHHs 0yJ10 MOKa3aHo, 0 TOYHICTh PO3PaxyHKIB BIMIOBIIA€
noxuOKaM BHUMIPIOBaHb 1 pe3yJbTaTd MOJENl HE€ TIplll HDK pe3ysibTaTu
OJIHOBUMIPOBHUX MOJIeIeH SIKi mpuiiManu ydacTthb B mpoekti EMRAS.

Ha niarpami (Puc. 2) BigoOpakxeHo OLIbITy YaCTUHY PE3YJIbTAaTIB MOJECIIOBAHHS
JUHAMIKH TPUTIIO B CTBOPI AHXKep y TOPIBHSHHI 3 JlaHUMU BUMIipioBaHb 1 30%
MOXUOKOIO.

[Ticnst TOTO SIK TMOKa3aHO aJEKBATHICTH MOJIENI B yMOBaX 0araropa3zoBux pi3Kux
BUKUJIIB TPUTIIO TIPH Pi3KO 3MIHHUX BUTpaTax BOAM B pycii Jlyapu 3 MIOT0IMHHOIO
JTUCKPETHICTIO, CTAHOBUTh I1HTEPEC 3aCTOCYBaHHS ISl Kackaay JHIPOBCHKUX
BOJOCXOBHIII.

Haxanp B 11bOMy BHUIAQJAKy MU MaeMO HE ULIOTOJMHHI a JuIIe J000Bi
T1POJIOTIUHI 1 TOKCUKOJIOT14HI JaHi.

Crnip 3a3HAYUTH 10 3 METOK CKOPOYEHHS 3HAYHOTO 4Yacy KOMII FOTEPHOI
peanizaiii Opy BUKOPUCTAHHI OJHO- JBOX- 1 TPU-BUMIPOBUX MOJIEJEH YacTo
BUKOPHUCTOBYIOTh 5,10 1000Be ycepeaHeHHs HaHuX. Takuil miaxia pi3Ko 3MEHIIye
TOYHICTh OCKUIbKHY 3HAYEHHS KOHIIEHTPALId MOXKYTh 3MIHIOBATUCH B Pa3u MPOTATOM
no6u. Mogens UNDBE npu anami3i mporeciB B AHIIPOBCBKOMY KacKaji
BUKOPHCTOBYBAJIA JIHILIE JOOOBI1 JaHI.
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Puc. 2. 3icTaBneHHs1 po3paxyHKIB Ta BUMIPIOBAHb KOHIIEHTPALIA TPUTIIO

y ctBopi ANGERS.

[TpoBeneno po3paxynku mist 1991, 1994 1 1999 pokis, koau Manu Miclie 3HaYH1
niiomMu KoHueHTparii Sr-90 B [Tpumn’sti. 3ailicHeHO 11eHTUDIKALIIO T1IPOJIOTTYHUX
Ta TOKCHKOJIOTIYHMX mapaMeTpiB KHIBCRKOrO BOJOCXOBHINA 1 OPIEHTOBHO
(opieHTOBHO Yepe3 Opak TOKCUKOJIOTTYHUX JaHUX ) JIJISl 1HIITMX BOJOCXOBUIII.

Ha puc. 3 rpadik, mo BijgoOpakae 31CTaBICHHS pO3paxyHKIB Ta BUMIPIOBAaHb
KOHIIeHTpaIliii cTpoHIito-90 B paiioni M. Bumropoma (Butok KwuiBchkoro
Bojocxouina) 1991 p.

Pi3HOKOIBOPOBI Kpamnku — JaHl BUMIPIOBaHb PI3HUX oOpraHizaiiil. Bemukwii
pO30Ir JaHWX BHUMIPIOBAaHb IMOSICHIOETHCS HEIOCTATHIM Ha TOH Yac JIOCBIJIOM 1
BiICYTHICTIO 1HTepKaniOpyBanHs. B 1994, 1999 pokax nmaHi jexarb KydHIIIe.
TounicTe BumiptoBanb Bija 30 10 50%. Ha mamtonky 1151 Beix 3aaaHo 30%.
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Kiev reservoir outflow Sr-90 in solution (pci/l)

&0

i}} §

1]
10,01.1991 30,01.1991 19.02.1991 11.03.1991 31.03.1991 20.04.1591 10.05.1991 30.05.1991 19.06.1991

== iev model (pci/l) ® Minvodkhoz ® Vodokanal e (SO UkrNDDMI

Puc. 3. 3ictaBieHHs po3paxyHKiB Ta BUMIPIOBaHb KOHIIEHTpAIIM CTPOHITi10-90
B patioHi M. Bummropoaa (1991 p.).

KopuuneBa niHis — MojenbH1 3HadeHHs. ko 3amatu 40-45% BuAHO 110
MO/IEJIb IOKPUBAE TIEPEBAXKHY OLITBIIICTH BUMIPIOBaHb. TaKuil pO3paxyHOK MOTpedye
Bcboro 0,01 cekyHM KOMII IOTEPHOIO Yacy.

m3/sec

p}:i/l

11.04.1991 1.05.1991 21.05.1991

—e—flow of the Pripyat River =—e=flow of the Dnieper river =e=concentration in Pripyat approximation =e=Kiev model (pci/l)

Puc. 4. CniBBiAHOLIEHHS KOHLIEHTpALii CTpOoHLI10-90 011151 BTOKY 1 017151 BUTOKY
KwuiBchkoro Bogocxosuia (1991 p.).

Ha puc. 4 rony6a i cuns ninii — rigporpau Ipun’sTi i Juinpa. Im Bianosinae
JaiBa mkana rpadika. UYepBoHa JIiHIS — amnpoOKCMMOBAaHI JaHI BUMIPIOBaHb
koHneHTparlii Sr-90 B Ilpun’sti (BTok KuiBCbKOTO BOJOCXOBHINA), a KOPUYHEBA
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JiHISA — T1 caml MOJAENbHI 3HA4eHHsA KOoHUeHTpauli Sr-90 Oiuns Butoky KuiBchkoro
Bojiocxosuia (Puc. 3). Im BinnoBifae npasa mikana rpadika.

Bunno, mo mix 4dac 3pocTaHHs KoHieHTpauii B Ilpum’sti BUTpatu BoaU
[Mpun’sti 1 JHinpi Maibke OJHAKOBI 1 MEPEMINIYIOYUCh MOTJIM 3HU3UTU
KOHIIEHTpAIIIIO JIMIIE B JIBi4l, a CIIOCTEPITa€ThCsl 3HIKEHHS Maike B IIICTh pasiB
3aBISKU JUCTEpCii mifg 4yac TpuBajoro (OuIblIe MICSIl) TpaHCIOPTYBaHHS IIO
BOJOCXOBUIILY.

AHanoriuHe suIe Mae Mictie i mia gyac moeHi 1994 poky.

301IbIIEHHS Yacy TPaHCIOPTYBaHHS BOJAHMX Mac y BOJOCXOBHIII 3HAYHO
3MEHIIIy€e aMIUTITYIy KOHIICHTpaIii Ha BHUTOKY BojocxoBuima. lle moxe Oytm
BUKOPHUCTAHO B SIKOCTI BOJJOOXOPOHHOTO 3aX0/Ty Uepe3 3MiHY PEXKUMY BOJAOCXOBHIIIA,
a MOJIeTTb 1aCTh MOKJIMBICTD MIBUIKO OMIHUTH MOKJIUBUN PE3yIIbTaT.

BukoHnano MojentoBaHHsI PO3MOBCIOKEHHS BUKUY 3a0pyaHeHHs 1999 poky
110 BChOMY KacKay BOJOCXOBHIII.

Sr-90 in solution (pci/l) reservoir outflows

Puc. 5. KonuenTtpaiiii cTpoHilito-90 61151 BUTOKIB BOJJOCXOBHII] THITPOBCHKOTO
kackaxy (1999 p.).

Takuii po3paxyHOK MpoIecy Ha MpoTs3i poky noTpedye mumie 0.1 cekyHau
KOMII’ FOTEPHOTO 4acy.

Takum uYMHOM, pO3pOOJSEHO MOAENb, sKa 3a HAIBHOCTI MIHIMyMY
TIAPOJNIOTIYHUX 1 TOKCHKOJIOTIYHHUX JIaHWX 3a0e3Medye MpPOTHO3YBAHHS IMEPEHOCY
3a0pyIHEHHsI B piyKax 1 BOJOCXOBHUIAX. Yac MOJENIOBAHHS BU3HAYAETHCS JIUIIE
4acoM IMIATOTOBKH 1 BBEJICHHS IaHUX, a BCE 1HIIIE B11I0YBAETHCS MPAKTUYHO MUTTERO.
30epekeHHST MIHIMQJIBHUX BUMOT JI0 KUIBKOCTI BUXIJHUX JIaHUX, y TO€EIHAHHI 31
IIBUJIKOJII€I0, /A€ MOKJIMBICTh 3aCTOCYBAaHHS SIK CUCTEMHU aBapiiHOTO pearyBaHHS.
Mopenb Mae BeJIMKHI MOTEHLIA]l PO3BUTKY, 30KpEMa 3aCTOCYBAaHHS JIJIsl PI3HUX BOJ
HUX 00’ €KTIB 1 pI3HUX THUI1 3a0pyTHEHHS.
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3apa3 mpoBoAsATHCS poOOoTH 1o 300py iH(opmamii s OLIBII TOYHOTO
BU3HAYCHHS MapaMeTpiB BOJOCXOBUII] JHIMPOBCHKOTO KacKady.

BBaxkato cBOiM 000B’A3KOM BHUCIOBUTHU NOASKY mpainiBHukam YkpHJIT'MI Ta
Jlep’KKOMT1IpOMETY 3a HaJlaHl CBOTO Yacy JIaH1 BUMIPIOBaHb.
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Abstract. The paper considers the application of a box model of pollution
transport in surface water bodies, which takes into account the time of pollution
transport across the reservoir and the dispersion of pollution in the incomplete
volume of the box (UNDBE), in combination with the RALG program, which is a
modification of the Shor r-algorithm developed at the Glushkov Institute of
Cybernetics. The results of modeling and parametric identification are presented on
the examples of tritium distribution in the Loire River basin and strontium-90 in the
Kyiv reservoir. Demonstration of modeling possibilities and parametrical
identification by means of the offered model in combination with program means of
search of extremum of not differentiable function. The ratio of strontium-90
concentrations at the inflow and outflow of the Kiev reservoir is analyzed. The effect
of transport time on the concentration value at the outflow is evaluated. Modeling of
the spread of the 1999 pollution release over the entire reservoir cascade was
performed.

107


http://www-ns.iaea.org/downloads/rw/projects/emras/final-reports/aquatic-tecdoc-final.pdf
http://www-ns.iaea.org/downloads/rw/projects/emras/final-reports/aquatic-tecdoc-final.pdf

SUBSTANTIATION OF THE RELEVANCE OF THE PROBLEM OF
IRRADIATED GRAPHITE MANAGEMENT IN NUCLEAR FACILITIES.

Simeiko K.V.!?, Krasnov V.O.!, Kupriianchuk S.V.!, Doroshenko A.0.!,
Syniahovskyi A.O."3, Malyi Ye.V.*

Hnstitute for Safety Problems of Nuclear Power Plants of the National Academy of
Sciences of Ukraine, Chornobyl, k.simeiko@ispnpp.kiev.ua
2The Gas Institute of the National Academy of Sciences of Ukraine, Kyiv,
k simeyko@ukr.net
’National Aviation University, Kyiv, syniagovsky@gmail.com
“Institute for Nuclear Research of the National Academy of Sciences of Ukraine,
Kyiv, evgen.malyj@gmail.com

Nuclear graphite is a polycrystalline graphite material used in nuclear reactor
cores, made from high-purity graphite carbon. The graphite moderator is a complex
engineering structure, with the graphite block being the main component, having a
prism shape with holes. In some moderators, holes for fuel element placement are
created by longitudinal channels on the block's lateral faces. The selection of material
and design of graphite blocks depend on the temperature regime of the graphite
moderator, the type of coolant, and the structural features of the technological
channel pipes where the fuel elements are placed. This results in a large number of
block design variations.

Graphite-moderated nuclear reactors have been constructed in Ukraine, the
United Kingdom, the United States, Germany, France, China, Lithuania, Spain,
Japan, Italy, and Lithuania. Currently, graphite is a structural and functional material
in fourth-generation nuclear energy systems, particularly in high-temperature gas-
cooled reactors (HTGR, VHTR) and molten salt reactors (MSR).

Reactor graphite constitutes a significant portion of accumulated solid
radioactive waste worldwide, and finding ways to manage its disposal is a relevant
scientific problem. When planning measures for handling spent irradiated graphite,
it is necessary to consider the reactor type, graphite characteristics, and the
peculiarities of its operation and storage.

Currently, the reactors of the Chornobyl NPP (RBMK-1000) are in the process
of being decommissioned. Shortly, more than 5,400 tons of spent reactor graphite,
with a total activity of approximately 1,2¢104 Ci and a total heat release of 2106 GJ,
will need to be dismantled. This graphite poses a potential risk to personnel and the
environment [1]. Furthermore, the aging of structural elements in the shut-down
blocks (also under the influence of irradiation) will require addressing the issue of
handling irradiated graphite at the Chornobyl NPP. In the event of an accident or a
terrorist act, a fire involving irradiated graphite can occur, which would be
challenging to extinguish. During a fire or explosion (including a terrorist act),
releases of radioactive carbon isotopes occur, causing radiological effects that can
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result in exposure to the operating personnel, firefighters, and the surrounding
environment.

Nowadays, verified and approved technological solutions for dismantling
graphite moderators and industrial methods for handling irradiated graphite are
absent in global practice, and existing developments have several drawbacks. When
planning measures for handling spent graphite, it is necessary to consider the reactor
type, graphite characteristics, and the peculiarities of its operation and storage [2].

Handling irradiated reactor graphite after the withdrawal from the operation of
uranium-graphite reactors is a relevant scientific problem that requires the search for
practical technological solutions.
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ENSURING INFORMATION SECURITY WHEN WORKING REMOTELY
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Abstract. During the conducted research, the main threats and appropriate
measures to protect information security (IS) during the work in remote mode have
been identified. The main methods of combating data leaks and increasing IS when
working with confidential and secret data at critical infrastructure facilities are
presented. Recommendations for improving information security when working in
remote mode have been formulated for the following threats: network attacks from
the Internet, unauthorized access to the data on the laptop, interception of data during
its transmission over the network, use of working time for non-working tasks,
movement of employees on the territory not related to work tasks, theft of a laptop
with data and access to corporate applications stored on it, infection (hacking) of a
laptop, and through it infection (penetration) to the local network during a remote
connection, attacks on data or local network, using untrusted devices, using
administrative access with privileged rights for own purposes. The proposed
measures will make it possible to ensure IS at enterprises that are part of critical
infrastructure, in particular energy, telecommunications, transportation and logistics.
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Further research will consist of the creation of a suitable DSS subsystem for IS
support of the transport and logistics center.

Keywords: remote work, IS, protection measures, critical infrastructure
objects.

Since the beginning of the war, Ukraine has been the target of numerous
cyberattacks that have affected state institutions, private organizations, and citizens.
Those enterprises that are part of critical infrastructure, in particular energy,
telecommunications, transport and logistics are priority targets in this period for
attacks [1].

Since the beginning of the war, Ukraine has been the target of numerous
cyberattacks that have affected state institutions, private organizations, and citizens.
Those enterprises that are part of critical infrastructure, in particular energy,
telecommunications, transport and logistics are priority targets in this period for
attacks.

Today, remote work has become one of the most important trends for ensuring
the operation of enterprises, for which not only employees and management, but also
IT services were not ready.

Programs such as e-mail, IP telephony, data storage, corporate social network,
messengers, project management systems, CRM systems, task tracker, DSS and
others are most often used in remote work. Many devices on the market allow us to
access our mailbox, company calendar, project information, remote computer or
confidential information. Among them are: a stationary a computer, a laptop, a tablet,
a smartphone. Each of these devices has its own advantages and disadvantages.
Smartphones and tablets are usually less secure than a completely non-mobile
desktop computer or laptop.

With remote work, the relevance of threats increases many times over. In order
to make remote access more secure, it is necessary to identify the main threats of
remote work and determine the corresponding protection measures (Table 1).

Table 1. Main threats and corresponding protection measures for working

remotely
Work in the Remote work Threats Protection measures
office (offline) (online)
1 2 3 4
The laptop 1s on | The laptop is | Network Use of corporate Internet
the local | outside the local | attacks access gateways, control of
network, inside | network, the | from  the |the composition of the
the protected | method of | Internet means of  information
perimeter accessing the protection on the laptop,
Internet is not two-way authentication of
controlled the corporate access
gateway and laptop using
digital certificates
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IIpooosoicenns maban. 1

1 2 3 4
Confidential data | To simplify | Unauthorized Use of data leakage
18 stored in | work, access to the data | controls, two-factor
network storage | employees on the laptop authentication of the

store employee,
confidential control of the
data on a preservation of
laptop confidential data in the
laptop, encryption of data
stored in the laptop
Data transfer | Working Interception  of | Encryption of data during
between the | with data during its | transmission over the
servers and the | programs 1is | transmission over | network, reducing the
laptop does not go | related  to | the network amount of data
beyond the | data transmitted over the
protected transmission network, two-way
perimeter via the authentication of the
Internet corporate access gateway
and laptop using digital
certificates
An employee in|The actual | Use of working | Control of the employee's
the eyes  of | employment |time for non-|actions on the laptop,
colleagues  and | of employees | working tasks their registration, using
management with  work corporate Internet access
tasks is gateways with restrictive
unknown policies
An employee in a | The Movement of | Using laptop geolocation
circle of | employee employees on the | to monitor an employee,
colleagues may be in the | territory not [use of data leakage
circle of | related to work | controls,
criminals tasks automatic termination of
access to confidential
resources when the laptop
leaves the  specified
territory

111



3akinuenusa maon. 1

1 2 3 4
An A laptop left | Theft of a|Encryption of data stored on
unattended unattended laptop with | the laptop, two-factor
laptop remains data and access | authentication of the
remains at the | unattended to  corporate | employee, use of data leakage
workplace applications controls,
stored on it remote control of the laptop
with  the possibility of
emergency deletion of
programs and data, automatic
termination of access to
confidential resources when
leaving the laptop in the
specified area, feedback of a
digital certificate in case of
suspected laptop compromise
Protection With  long- | Infection Remote maintenance of the
tools, such as | term remote | (hacking) of a | laptop (automatic installation,
antivirus, are | work, laptop, and | update and removal of
constantly protection through it | programs), use of data leakage
updated tools may | infection controls, control of the IT level
become (penetration) to | of the laptop before connecting
outdated the local | it to corporate resources
network during
a remote
connection
Access to | Confidential | Attacks on data | Device IS level control before
confidential information or local | connecting  to corporate
information is | can be | network, using | resources, two-factor
carried  out | accessed from | untrusted authentication of the employee,
from a trusted | untrusted devices control of saving confidential
corporate devices data on the device, denial of
laptop access to confidential resources
when trying to connect from an
unknown territory
The It is impossible | Using A detailed recording of actions,
contractor (or | to provide | administrative |a video recording of the
administrator) | visual control | access with | session, hiding administrative
performs of the actions | privileged accounts, two-factor
work  under | of the | rights for own | authentication of contractors
the visual | contractor purposes and administrators
control of the | (administrator)
IS
administrator
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To increase IS when working in remote mode, it is necessary to perform a
number of measures [2-3]: work with cloud services in which the identification
process 1s improved (by sending an authorization code using SMS messages), use
encrypted data transfer, block data cloud immediately in case of device theft/loss. In
the absence of necessity, do not work with particularly secret data, use licensed
software that does not have virus programs installed, periodically check the operating
system, programs, drivers, programs for updates, do not use other people’s data
drives (they may contain computer viruses), apply anti-virus software products and
network screens that will allow you to increase the level of IS. When working with
confidential data, disconnect from the Internet, if possible, use passwords to log in
to mobile and computer devices, which will reduce the risk of data leakage if the
device is lost, systematically change passwords for mailboxes and other accounts in
which data is processed or transferred.

Therefore, the identified main threats to IS of remote work, identified
corresponding protection measures and formulated recommendations for increasing
IS during work in remote mode will make it possible to ensure IS at enterprises that
are part of critical infrastructure, in particular energy, telecommunications, transport
and logistics. Further research will be carried out in the direction of creating a
suitable DSS subsystem for IS support of the transport and logistics center.
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ASSESSMENT OF THE RESIDUAL LIFE OF PIPELINES AND TUBING
PRODUCTS FOR NPP

Fedukhin A.V., Mukha A.A.

[HCTHTYT TpOOIeM MaTemaTuyHUX MaiuH 1 cucteM HAH Ykpainu,
M. KuiB, Ykpaina

Anoranisi. CrarTa TpHUCBAYEHA BUPINICHHIO T[HWTAaHb, TMOB'A3aHUX 13
MIPOBEICHHSIM OI[IHKHA Ta TPOTHO3YBAHHSM 3aJIMIIIKOBOTO PECYPCY TPYOOTPOBOMAIB
AEC 3 ypaxyBaHHSIM HIBHIKOCTI €po3iiiHo-koposiitHoro 3HomryBanHs (EK3) Ta
MITTUHTOBOI KOPO3ii. Y CTATTI AOCIIKEHO TEOPETUYHI MUTAHHS, 1110 BUHUKAIOTH IT1]]
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yac MPOBEACHHS WMOBIPHICHHX pPO3paxyHKIB MPU MPOTHO3YBaHHI 3aJHIIKOBOIO
pecypcy TpyOONpOBOMAIB >KUBUIBHOI MeEpeki. ABTOpaMHU 3alpONOHOBAHO JIJIst
IPOTHO3YBaHHS 3aJMIIKOBOTO PECypCy BKa3aHUX KOHCTPYKIIH, 3a BIACYTHOCTI
3HAYHOI CTaTUCTHKU BIJIMOB, BUKOPUCTOBYBATU MMOBIpHICHO-(Pi3MUHUIN miaxia. B
paMKax IbOT0 MIIX0Y, JISKUTh HMOBIPHICHA MOJIEJb, 1110 3aCTOCOBY€E DM-po3mo1ii
BiaMOB. [TapameTpu MofieIi, 110 BUKOPUCTOBYETHCS, MAIOTh B CBOT1H OCHOBI (hi3UUHY
iHTepnperamito. OCHOBHMMH TMapaMeTpamH, SKI BpaXOBYIOTbCA € CEpeaHs
IIBUIKICTh 3MIHU BH3HAYAIBPHOTO TTapaMeTpa Ta KoeirieHT Bapiallii y3aralbHeHOTO
mpolecy aerpaaanii. Ik BU3Ha4aJIbHUN TapaMeTp MPHUHHSITA 3aUIIKOBA TOBIIMHA
CTiHKH TpyOompoBoay (abo rnmmOmHa KOpO3ii) 1 mepembadaeThcs, IO MPHU
0OCTEe)XEHHI Ta 3/1IICHEeHH]I BUMIPIB Ha TaKiil JUISHII TPyOOIPOBOAY € MOXKIIUBICTD
il BUMIpIOBaHHA. Y CTaTTi HaBeACHI KPUTEPIi OILIHKHA 3aJUIIKOBOTO PECypcy
JOCTIKyBaHUX 3pa3KiB CTAIEBUX TPYOOMPOBOIiB, BAKOPUCTAHHS SKUX J103BOJUTH
ONTUMI3YyBaTH €KCIUTyaTalllifHI BUTpaTH Ha EKCIUTyaTalild TPyOOMpOBO/IIB.
HaBeneHo TOpiBHSHHA JBOX TMPUKIAIIB PO3PaXyHKIB - PO3PaxXyHKOBO-
€KCIIEpUMEHTAJILHUM Ta HMOBIPHICHO-(P13UYHUM METOIAMH.

KawuoBi ciaoBa: #WMOBIpHICHO-(DI3UYHUM MiAXid, 3aJUIIKOBUH pecypc
TpyOONpoBOAY, HMOBIPHICHO-(13MUHA MOEIIb HAIIHHOCTI.

Introduction

Today, in conditions of limited use of hydrocarbons, the nuclear industry is the
most priority area for the development of the energy sector. That is why the reliability
of NPPs determines their future and must meet high standards of safety and resource
saving. Since tubular products and pipelines are indisputably one of the basic
elements of the system for ensuring the operability of nuclear power plants, the issues
of assessing their residual life are certainly relevant.

Existing methods for studying the reliability of such structures, taking into
account different types of corrosion wear, are often deterministic (not taking into
account the random nature of phenomena) or based on strictly probabilistic failure
models borrowed from mathematical statistics, which leads to a low correlation of
the results obtained with the physics of object failures [1, 2]. It should also be noted
that such calculations are often made without taking into account the variability of
degradation processes, which significantly affects the accuracy of forecasting the
residual resource based on them.

Purpose of the article

The purpose of this article is to provide the results of studies related to the use
of a probabilistic-physical method to assess the residual life of pipelines and pipe
products of nuclear power plants.

Main part

As part of the probabilistic-physical approach to assessing the durability of
mechanical lenses, a probabilistic model is used (diffusion monotonic DM- failure
distribution), the parameters of which have a physical interpretation - the average

114



rate of change of the determining parameter (validity criterion) and the coefficient of
variation of the generalized degradation process [1,2]. The model assumes that the
ongoing degradation processes are irreversible, monotonous, and proceed at a
constant average rate. The paper presents the results of studies on the assessment of
the residual life of pipelines under conditions of erosion-corrosion wear (ECW) and
pitting corrosion.

The results of calculations by experimental deterministic methods and the
probabilistic-physical method were compared. The calculations were carried out with
the establishment of criteria for the boundary state, namely the depth of the corrosion
defect and the residual thickness of the pipe wall.

For the determining parameter and one of the methods, the average rate of their
change was calculated a, an example,

a= ﬁ 2 [ga(tl.ﬂ)—ga(tl.)] = ﬁ-;A@ , TIe Ar- IEpUOJT BpeMeHH; - the
value of the defining parameter; n- the number of increments (measurements).
Within the framework of the probabilistic-physical method, the coefficients of
variation of various types of degradation (corrosion) processes were taken into
account (Table 1). As a theoretical model of reliability, it is accepted - distribution
of time to failure, since the destruction of this type of products is irreversible, and
the degradation processes are monotonous (Fig. 1).

Table 1. Approximate values of coefficients of variation for various types of
degradation processes

Type of degradation process Coefficient of variation of the
degradation process

Corrosive wear:

- with a small unevenness of destruction 0,1-0,20
- with significant uneven damage 0,3-0,6
X, f
A Fig.1 Graphical interpretation of the

random process of degradation
(Markov monotonic process) and the
scheme of formation of the
distribution of time to failure (DM-
i distribution)
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Parametric notation DM - distribution looks like this:

F(¢)=DM(t;a,v) = o| 4L 1|
vyjar (T, - T1,)
where « - the average rate of change of the determining parameter (increase in the
depth of corrosion, thinning of the pipe wall);
I1, - initial measured value of the determining parameter (corrosion depth);

I1, - the maximum measured value of the determining parameter;
v - coefficient of variation of the corrosion depth growth process.

If the defining parameter of the product changes monotonously, then the
average residual life is calculated by the formula:

_ 2
7’2_: (Hlim Hl)(l‘l‘%]

a

where Il IpeNeIbHOE 3HAYEHHE OIpPENesAIonIero mnapamerpa (Kpurepus

lim
T'OJTHOCTH. )
In this case, the gamma percentage residual resource is calculated by the
formula:
2772
~ I, —1II 1%
7 _ My =T1) 1+vU2 /1 2—vU, [l + —Z
/4 a /4 e 4

Where U, - quantile of the normalized normal distribution of the level y.

Research results

Example 1 [3]

Calculation-experimental method

For a pitting defect with a depth of 3 mm at a nominal pipe wall thickness of 20
mm, the critical depth of the defect is 7.5 mm, and the average corrosion rate at the
time of the pit detection is 1 mm/year, then the estimated residual life determined at
a given time is7, = 4,5 year.

For the same conditions, by the probabilistic-physical method, the following
result was obtained: 7, =9,6 year.

Example 2 [4]

Calculations and measurements were carried out for pipes with a diameter of
D=530 mm and a wall thickness of 28 mm. For a period of operation of 23 years,
when the measured wall thickness of the studied area was 24 mm with the minimum
allowable standard value of 19.5 mm.

Calculation-experimental method

A1, - residual service life without taking into account technological tolerances
for the thickness of pipelines; A 7;=27,2 year;

For the same conditions, by the probabilistic-physical method, the following result
was obtained:
7 - remaining service life; 7 =23,7 year.
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Result

As a result of comparing the obtained results, we can conclude that by taking
into account the dynamics of the change in the determining parameter and taking into
account the random stochastic nature of the degradation process with different
coefficients of variation, it is possible to obtain the most accurate, in our opinion,
forecast, which can largely differ from widely used in practice, linear forecasting.

References

1. JCTY 8646:2016 Haniitnicte TexHiku. OIIHIOBaHHS Ta MPOTHO3YBAaHHS
3aJIMIIKOBOTO pecypcy (CTpoKy ciyxk0u) TexHiuyaux cuctem. Kuis.2016 p.

2. CrpenpHukoB B.II. OuneHka W  NOpPOrHO3MPOBAHHE  HAAEKHOCTU
ANEKTPOHHBIX 35ieMeHTOB u cucteM / B.II. Crpenpnukos, A.B. ®enyxun. — K.:
JIoroc, 2002. — 486 c.

3. Fedukhin A.V., Mukha A.A. Forecasting npp pipelines residual life

Based on erosion-corrosion wear rate measurement \\ « MoJioguii BueHH», No
12 (112) rpynens, 2022 p. c. 20-23.

4. Fedukhin A.V., Mukha A.A. Evaluation of the residual life of a pipeline
under conditions of erosion-corrosion wear. Mathematical machines and systems.
2023. Ne 2. 68-72.

INCREASE OF THE DEPENDABILITY AND ADAPTABILITY
OF CRITICAL INFRASTRUCTURE' IIOT SYSTEMS

Andrii Yarmilko, Denys Datsenko

Cherkasy Bohdan Khmelnytsky National University
Cherkasy a-ja@ukr.net

One of the trends in modern solutions for emergency situations and activities in
hazardous environments is the implementation of network access to critical
infrastructure system resources. As a result, the technology of remote management
has developed, including Industrial Internet of Things (IIoT) systems. Their
implementation aims to enable data collection, exchange, and analysis in a network
of interconnected sensors, devices, and industrial software. However, such
networked systems still require a classical approach to direct device control through
a visual and tactile Human-Machine Interface (HMI). Therefore, the research on
critical infrastructure systems prominently addresses the creation of software and
hardware components suitable for building such systems, considering both
technological and security requirements. An evident requirement is to ensure the
dependability, flexibility, and ability to modify their architecture while performing
functional tasks in a volatile and highly dynamic production environment.

The prerequisites for this research are the current advancements in the
development of communication systems, storage devices, and peripheral devices for
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EmSYS and IIoT systems. In particular, the ideas regarding the implementation of
hybrid forms of solid-state memory in embedded components of IloT systems,
adapted to high dynamics of information exchange, are relevant.

A limiting factor for the effective integration of memory on the control board
(SRAM, DRAM, SPIFlash, and external SD card memory) and all types of memory
of the WiFi module is the absence of software tools for working with variable
memory in terms of type and loading methods. This problem is further exacerbated
by the hierarchical and group approaches to IIoT management. As a result, there is a
need to enhance the flexibility and efficiency of memory utilization in multilevel
[IoT systems.

The research task involved the creation of software tools for working with files
and data in the hybridized memory of embedded components in the IIoT system,
loading programs into such memory using the WiFi channel, and the development of
a library adapted to this architecture to create efficient human-machine interfaces.

Regarding the implementation of hybridized memory in IloT systems, we
started from the premise that the development of electrically erasable programmable
read-only memory (EEPROM) semiconductive technology provided an increase in
its information capacity to a level that satisfies the needs of long-term data storage
in ultra-mobile personal computers (UMPCs). However, the expectations associated
with the development of this technology for eliminating the main drawback of
EEPROM, namely physical wear, turned out to be futile. Furthermore, as the
information capacity of flash memory increases, the endurance to erase/write cycles
at the level of individual cells decreases. Available data indicate that this parameter
also depends on the type of NAND cells [1]. The problem of low resistance to
physical wear can be mitigated several times by dynamically and statically balancing
the load across the entire memory array. However, in the conventional
implementation of solid-state drives, an acceptable level of reliability has only been
achieved for UMPC-class devices.

A radically different approach to minimizing physical wear is the use of hybrid
architectures, such as combining SSD Flash with a ferroelectric random-access
memory (FRAM) memory chip manufactured using magneto-electric technology,
which has been proposed under the name Chameleon [2]. In this architecture, the
metadata of the SSD flash memory is stored in a small FRAM, as they are the objects
of intensive random write operations, while the bulk data is stored in the flash
memory. In addition to minimizing SSD Flash wear, it is claimed that the Chameleon
architecture improves UMPC performance by more than 20%.

Unfortunately, hybridization combining SSD Flash/FRAM is not feasible for
most embedded systems due to the significant cost of SSD drives and their excess
information capacity for IloT devices. More optimal options are split-systems such
as eMMC/FRAM, SD-card/FRAM, or SPIFlash/FRAM. The relevance of research
related to them lies in establishing forms of software component implementations for
hybrid architectures when operating in embedded systems. Our goal was to obtain
file system utilities that, together with the corresponding hardware modifications of
solid-state drives, would ensure the integrity, preservation, and operational access to
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files, considering high information dynamics in normal and emergency operation
modes of IIoT systems.

Remote access to the energy-independent memory of IloT devices with split-
system architectures like SD-card/FRAM and SPIFlash/FRAM is proposed to be
implemented using the HTTP protocol since it allows standardizing the approaches
to accessing hybrid drives and managing the IloT system according to its utility
purpose. The use of WebDAV extensions allows not only for collaborative editing
and management of collections stored on the server but also minimizes data security
threats. The interaction of the access agent with file repositories is modified
according to a specially developed model.

The analysis of the subject area, methods, and tools for remote file loading into
IToT system parks with combined program memory has demonstrated the following:
1) the relevance of implementing a software loading application for system device
software in the form of a browser utility using client-server architecture; 2) the
importance and possibility of preserving their basic control when connected to a
computer network; 3) the necessity of providing remote management services; 4) the
ability to provide scalability for wireless execution through the software
configuration of WiFi modules in "station" mode, while the WiFi resource of UMPC
or other mobile devices operates in "access point" mode. The current research results
were only tested on Espressif Systems' ESPI2F and ESP32-WROOM32UE
modules.

The practical implementation of the proposed solutions is rational in the form
of the HTTP-FileLoader browser utility and HTTP server software. They are
intended to enhance the utilization of embedded and external memory in [IoT system
parks, perform system settings, and set technological parameters in OTA mode, as
well as improve the efficiency of remote management of technological processes as
a whole. However, it should be noted that the current obstacle for the application of
such proposals is the absence of optimal file systems for working with energy-
independent hybrid memory components of IloT systems. Specifically, additional
adaptation of FAT32 and SPIFS is required for these applications. The prospects of
more specialized file systems like LittleFS and TinyFS for [oT systems are also being
studied.

Creating IloT systems based on WiFi modules and hybrid memory imposes
additional constraints on the components and interface extensions of the software
intended for personnel interaction with system components. In general, they should
consider the specific environmental and operator equipment factors in mobile
application scenarios. However, the features of the proposed human-machine
interaction hardware support necessitate the creation of an adapted library for HMI
components of such purpose. Its development takes into account the need to address
the following factors:

— fast display of a significant number of HMI window widgets without delays
or the appearance of static or dynamic visual artifacts;

— ensuring the applicability and scalability of the HMI image, both for windows
and widgets and events;
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— minimizing the SRAM and EEPROM memory requirements proportionally
to the set of HMI window widgets, easy integration of graphical component code
into the overall code of the target product;

— high portability and compatibility with embedded system hardware or
software platforms, as well as ease of updating;

— reliability and resilience to system failures;

— ease of use and intuitive perception;

— providing aesthetic appeal;

— convenience of support and compliance with standards.

The analysis of possible solutions to the problem has shown the relevance of
perceiving a GUI library not only as the ultimate goal of design but as a tool for
implementing modern HMI application design methods. This approach served as the
basis for synthesizing a model of the software development process for HMI
extensions in embedded systems. With the dominant role of GUI components, the
profitability of embedded software development can be increased by separating the
HMI design stage into a separate process involving specialized design and
visualization tools for the HMI model. Using this model allows editing, verification,
and display of the HMI structure during the HMI model creation stage and its derived
components. These stages are based on processes involving obtaining a list of
variables and binding model objects to both variables and system events. The results
of creating the model include integration or loading of the HMI image into the
graphical extension of embedded systems.

The project model focuses on the extensive use of LCD block commands, a
balanced set of widgets, the structuring of their attributes and states, the conveyor
formation of video frames, and the description of the HMI project image in XUL or
XAML markup format. It also includes hardware optimization, such as minimizing
the EEPROM and SRAM requirements as well as the CPU load of the WiF1 module.
Specifically, the basic set of widgets is limited to 8 units with the possibility of
optional expansion, and the list of their attributes does not exceed 10. In comparison
to similar libraries, the list of events requiring processing has been reduced.

Thus, models, methods, and technologies for improving the reliability and
adaptability of critical infrastructure systems created based on the concept of
Industrial Internet of Things have been analyzed. It has been identified as prospective
to enhance the reliability of solid-state memory devices for EmSY'S and IIoT systems
in split systems with hybrid SD-card/FRAM and SPIFlash/FRAM architectures.
Effective use of hybrid SSDs requires the development of appropriate file system
implementations to handle information processes. Optimal forms of implementation
and architectural requirements for wireless program and data loading utilities in [loT
systems have been determined. The GUI library implementation for HMI based on
WiF1 modules has been optimized, taking into account the specific implementation
of EmSYS and IIoT systems by forming a weighted set of visual components,
aligning functionality with the MVC pattern, enabling DMA mode for streaming
video data, and intensifying LCD block commands in video frame update processes.
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We expect that the implementation of the obtained results will improve the
characteristics of software-hardware complexes of critical infrastructure systems
through effective support for remote resource access, prompt system and
technological adjustments, and the enhancement of HMI tool development.

Abstract

The paper is focused on the problem of increase of the dependability and
adaptability of IIoT systems in critical infrastructure. The problem is considered in
the context of implementing hybrid forms of solid-state memory in embedded
components of IIoT systems, adapted to high dynamics of information exchange.
Restraining factors for efficient operation with variable memory in such systems
have been analyzed. The optimality of split systems such as eMMC/FRAM, SD-
card/FRAM, or SPIFlash/FRAM has been justified. A method for remote access to
the non-volatile memory of IloT devices with hybrid architecture in such split
systems has been proposed. A model of interaction between the access agent and file
repositories has been developed, and prototypes of file system utilities for working
with hybrid hardware modifications of solid-state drives have been obtained. A
solution has been proposed for developing software interface extensions intended for
personnel interaction with components of the IloT system based on the software
development process model for embedded systems' HMI extensions. An optimized
GUI library implementation for HMI based on WiFi modules, taking into account
the specific implementation of EmSYS and IIoT systems, has been developed.
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