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OIIIHKA BE3IEKHA MMP 11O PAJIALIMHOMY ®AKTOPY HA
MAWJIAHUUKY AEC

Kezyn B.B. (0.m.1., doyenm), 'awumos A. M. (PhD)’.

TucruTyT 1po6em MatemarudHux Manimi Ta cucteM HAH Vkpainuy,
03187, m.Kuis, npocniekT Akagemika [ mymnikosa, 42.

Kniouosi cnosa: AEC, ominka paniamniiinoi 6e3nexn, MeTojuka, pamiariiauit
BUKHWA, TpaHu4Hi ymoBy, 313, 'O

B renmepimHiii 4ac CTpIMKOTO pO3BUTKY HaOyBa€ aTOMHAa EHEpPreTHKa SK
JUKEPENIO0 «YHCTOI» EHEepril i HaWOLIbII MEPCHCKTHBHHUN 3aci0 MOCATHEHHS IJICH
KJIIMaTHYHOI HEWTpalbHOCTI. B yMOBax CTpIMKOro pPO3BUTKY aTOMHOI €HEPreTHKH,
CTBOPEHHSI HOBUX THIIIB PEaKTOPHHUX YCTAaHOBOK, 30kpeMa MMP [1], Ta mepcnekTus ix
HIMPOKOTO PO3MOBCIOKEHHS Ta PO3LIMPEHHS 3aCTOCYBaHHS, 30KpeMa Jyisi 100y TOBOTO
ONAJICHHSl, TOCTPO T[I0CTa€ TIMTaHHS 3a0e3ledyeHHs Oe3NevHoi eKcIulyaramii Ta
OOTpYHTYBaHHS MiABHUICHOTO piBHA Oe3mekn. OOTpyHTYBaHHs O€3MEKH iCHYIOUHX Ta
MEPCIICKTUBHAUX SICPHUX YCTAaHOBOK BHMAarae po3poOku abo pO3MIMpeHHS HOBUX
MiIXOIB, IO TPYHTYIOTHCS HA HAKOIMMYSHIX 3HAHHAX Ta JOCBIiJII €KCIUTyaTallii.

Haii0inpim HeOe3meyHUMH aBapissMH € aBapii 3 BaXKUM TOIIKOKECHHIM
AKTUBHOI 30HH, IO CYHNPOBOIKYIOTHCS 3HAYHUM PATiOaKTUBHUM BHKHIOM Ta MAalOTh
HAUTSDKYl HACIIIKH, TaK 3BaHI «BaXKi» aBapil. 3 oriany Ha MOMEpeqH] iHIHUICHTH 3
Ba)KKHM TOIIKO/DKCHHAM aKTUBHOI 30HH, Taki sik aBapis Ha AEC Three Mile Island,
Yopuobunbcrka AEC Ta AEC @ykycuma, 0THUM 3 HEBUPILIEHUX MTUTaHb 3QJIUILIAETHCS
OOIpYHTYBaHHS O€3MEKHU 3 TOYKH 30pY pajialliiHUX HACIIIKIB Ha MalIaHUUKY SIIEPHOT
ycraHoBKH. KepyBaHHS aBapi€ro, BUKOHaHHS NPOTHABApiiHUX i Ta mepeBelcHHA
PeaKTOpHOI yCTaHOBKH B Oe3MeuHMi, CTaOUIBHUI cTaH, HoTpedye poOOTH MepcoHary
Ha MaWJaH4YWKy, 330BHI Ta B cCepeAuWHi mnpumimeHs. llepemkomoro Ha NUIAXY
IUTAHYyBaHHS TPOTHABAPIMHUX 3aXOJIiB € BiJCYTHICTh BICBHEHOCTI, IO pajialiiiHa
o0CTaHOBKAa HAa Mal/JaHYMKy JO03BOJHUTh BHKOHAHHS IpOTHaBapiiiHuX nid 0e3
NIepEeONPOMIHEHHS TIEPCOHATY, 10 MOXE 3arpo’KyBaTH HOTO 37I0pOB’I0 Ta HaBIiTh
KHUTTIO.

B momoBinmi posrnmsmaroThes MIAXOAM A0 PO3POOKH METOAWKM BHU3HAYCHHS
pamiamifHUX HACIiIKIB Ha MalJaHUMKY sIepHOT ycTaHOBKY npu BuHUKHEHHI 3[1A. Ha
OCHOBI aHAJIi3 ICHYIOUHX METOIUK PO3MOBCIOKEHHS BUKUIY, PO3PAXyHKH pajialliiHuX
HACIIKIB aBapil Ta JITEPaTypHHUX Kepesl, aHAII3YIOThCs BiIMIHHOCTI BUKOHAHHSI
aHaJi3y pamianifHui HacminkiB Ha Maiimanunky AEC Ta pamiamiiiHi Hacmimkw s
HaceJIeHHs, AKi Hapa3i € HeBiJ éMHOI0 YaCTHHOIO 3BiTiB 3 aHami3y Oesmexkn AEC, Ta
BIUIMB IIMX BiJIMiHHOCTEH HAa MOXKJIMBICTH 3aCTOCYBAHHS ICHYIOUMX METOIWK aHATi3y
pamianifHux HacHinKiB [2]. PO3rsaaroThess OCHOBHI MUTAHHS, IO CTOCYIOTHCS:

1. Kpwurepii npuiiHATHOCTI aHai3y pamialiifHuX HacHiakis [3, 4].

2. BuzHaueHHs XapaKTEpPHUCTHK JUKEpela BHUKUAY Ta IX 3MIHH IPOTArOM
PO3BUTKY aBapii.



[MuranHs BpaxyBaHHS 0araToJHKEPENbHOTO BUKUIY.

Bubip ta 0OrpyHTYBaHHS OTOTHUX YMOB.

BrumB OyniBenb po3TaoBaHUX Ha MaiJaHYMKY.

Merouka 0OIpyHTYBaHHS 3aCTOCYBaHHS 3aCO0IB 1HAMBIAYaIbHOTO 3aXHCTY.

Kpmepu HpI/II/IHﬂTHOCTl pafianiifHX HAcHiJKIB TPYHTYIOTbCS Ha BHMOTax
HPBY-97//12000 [3, 4] Ta, y 3B’sI3Ky 3 MOTEHIII{HO BaKKUMH HACTIIKAMH 32 TIPOSKTHUX
aBapiif, TOPiBHIOIOTh MEXIi aBapiifHOI O3 ONMPOMIHEHHS IIEPCOHAITYy IS aBapiHUX
YMOB — €KBiBaJICHTHA 7032 OIpoMiHeHHs Bchoro Tifa 500 M3B. Kpurepii npuitHATHOCTI,
3aCTOCOBHI JJIS OLIHKH [iii aBapiHOTO IIEPCOHANY BiAPI3HAIOTHCS BiA KpUTEpIiB
MPUHHATHOCTI TIPH aHAi31 PaliOaKTHBHUX HACIHIIKIB JJIS HAcEJICHHS Ta MOTPeOyroTh
KOpUT'yBaHHS BpaxyBaHHS B METOJIHIII.

Bu3HaueHHs XapaKTepUCTHK JUKepela BUKULY CKIaJaeThCsl 3 BU3HAUCHHS JIBOX
napameTpiB: 00’€MHE YM TOYKOBE JDKEpeso Ta eeKTHBHA BHCOTA BHKUAY. B 1inomy
BU3HAYCHHS XapaKTEPUCTUK JDKEpeNa CIIBIAJa€e 3 ICHYIOUMMH METOIUKAMHU aHaJi3y
panianiiHUX HaCNAKIB JUIsl HAaceIeHHs [2] 3 TOUKH 30py FeOMETPUYHUX XapaKTEPUCTHK,
ane mOTpPeOYIOTh pPO3TIALY peanbHOi IHTCHCHBHOCTI BHUKHAY Ha BIAMIHY BiX
IHTETpaJbHOTO BHUKHIY SKAH BUKOPHCTOBYETHCA TPH aHANi3l paJHACTIOKIB IS
HaceJeHHs. BaxMBiCTh BUKOPUCTAHHS JTAHOTO MIXOAY JUIS 3aCTOCOBHOCTI METOUKH
aHaJi3y paJHACHAKIB Ha MalJaH4YMKy, IEMOHCTPYIOTh PE3yJbTaTH IOPIBHIBHUX
PO3paxyHKIB 3 SKUX BHIHO 3HAYHY 3MiHY iHTCHCHBHOCTI BHKHIY Ta ITOTYKHOCTI JIO3U
Ha Mal{JaHYMKy MTPOTATOM PO3BUTKY BaXkKKOi aBapii.

OmgHMM 3 BaXJIHMBHX €JIEMEHTIB aHAi3y pagHACTIIKIB Ha MaWTaHYNKYy €
MOJKJIMBICT YTBOPEHHS KOMOIiHAIii pKepeda BHKHIY INPOTATOM PO3BUTKY aBapii.
[Ipuxmagom Takoi cuTyallii, OkpiM aBapii Ha JIEKINbKOX SAEPHHUX YCTaHOBKaX
(HampuKIIaa TOBHOTO 3HECTPYMIJICHHS MaiinaHumka, sk 1e Oyno mpu aBapii Ha AEC
OdykyciMa) MOXyTh OyTH BHKHA Kpi3hb HemlinbHOCTI repmoobononku (I'O) Ta
¢inerpoBanmit Bukug 3 ['O, mo 3actocoByeThest i 30epesxkeHHs nimicHocti 'O npu
JOCSITHEHHSI TPAaHUYHO JOITyCTUMOMY THUCKY B TepMOOOOJIOHII.

Po3risig morogaux yMoB OTpeOye po3poOKH OKpeMoi MOJENl JUIs BpaxyBaHHs
HampsiMy BITpY, SKHH Moxe 3MiHIOBaTHCh Ha 360°, 1m0 MoOXKe He CIiBHajgaTd 3
BIZTHOCHUM MOJIOKCHHSIM PO3TAalllyBaHHS aBapiifHUX Tpym, abo He MOXE OJHOYACHO
MaTy HanpsM B OiK aBapiHUX TPYI, IO IIIOTh B PI3HUX ceKTopax. OKpeMUM BHITaIKOM
€ IITUJIBOBI YMOBH, IIO € HaJl KOHCEPBATUBHUMH Ta MOXKYTb OyTH BHIIY4€Hi 3 PO3TIIILY
10 KPUTEPil0 MaJIol BIpOTiTHOCTI CHiBMAAiHHS IITHILOBUX YMOB Ta BUHHKHEHHs 3[TA
31 30epeKeHHSIM TaKUX YMOB TPOTATOM aKTUBHOI (hasu po3Butky 3IIA, 1m0 CTaHOBHUTH
72 roguan. OLiHOYHA BipOTigHICT Takoi KoMOiHamii moail Merma 107, wo € noxiero
3 He3HauHOW0 BiporimHicTio 3rigno HPBY-97/12000 [3]. Takum uYuHOM, MOJENB
MOTOIHUX YMOB MOJKE I'DyHTYBATHCS Ha ICHYIOUNX METOJIMKAX Ta peKOMeHaalisx [2, 5,
6], ae moTpeOYIOTh PO3PaxXyHKY AITOPUTMY BpaxyBaHHS 3MiHM HAlpsSMKy BITpY Ta
3a0e3neueHHs KOHCePBAaTH3MY aHaNTi3Yy.

Po3ramryBanHs Ha MalJaHYWKy BENHKOi KIIBKOCTI Oy[iBENs BIUTMBAE Ha
PO3paxyHOK pamiallifHUX HACTIIKIB, OCKUTBKH CTBOPIOIOTHCS 30HH aepoAMHAMIUTHOL
TiHi. OxpeMo cIig po3riasimaTH poOOTy TepCoHAlly B cepeanHi OyAiBenb, IIo
MOCTAa0IIOI0Th OMPOMIHEHHS Bil XMapu BuUKHAy. DakTopw, MO0 BH3HAYAIOTH 30HH
3HW)KEHHSI TOTYXKHOCTI JI03M Ha MaillaHYMKy IOBHHHI OyTH BpaxoBaHi OKPEMUMH
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pO3paxyHKOBUMH  TIpOLEAypaMH Ta € BaXIMBUM CJIEMEHTOM  IUIaHYBaHHS
NpOTHABAPIHHUX JIiH.

OxpeMHM NHUTaHHSAM € OLliHKa 3aCTOCYBaHHS 3aC00iB IHJNBIAYaJIbHOTO 3aXHUCTY
(3I3). Cepen Takux 3aco0iB MOXKHa BUJUTUTH 1HAWBIAyasbHI (3aCO0M 3aXUCTy OpraHiB
IUXaHHS, ABTOHOMHI amapaTd [AWXaHHS, IHAWBiAyalbHI 3aco0M 3aXWCTH Tija,
opraHizaIiifHi 3aX0/I1 Taki K ioHa MpoQiTaKTHKa) Ta KOJEKTHBHI (eKpaHOBaHi poOodi
MIiCIIS Ta €eKpaHOBaHI TPAHCIOPTHI 3acobm). Po3poOka mporeayp omiHKK eeKTHBHOCTI
3acTOCyBaHHA 3aco0iB 3aXHCTy BiJ pamiallifHOTO BHUIIPOMIHIOBaHHS € Ba)KIMBUM
SJIEMEHTOM IUIaHYBaHHs NPOTHABAPiHUX Iil SK €JIEeMEHT IPEBSHTHBHOTIO KepyBaHHS
aBapiiHUM JI030BHM HABaHTAXKEHHSAM Ha EPCOHAIL.

Po3risan Ta BpaxyBaHHS 3a3Ha4€HUX MUTAaHb B METOJHIII aHAIII3y paJIHACIIJIKIB
Ha MalJaH4uKy, € HEOOXiJHUMH CKJIaIOBUMH METOJWKH Ta MOTPEOYIOTh OIHKH iX
BIUIMBY Ha pe3yJIbTaTH aHaji3y Ta BU3HAUYEHHS KOHCEPBATHMBHOIO HAOOPY MOYAaTKOBUX
Ta rPaHUYHUX YMOB.

B nonoBigi mpHBOIATBCS PE3yNIbTATH BapiaHTIB pPO3paxyHKy pajialiiHUX
HACIIKIB JUI1 HA0OPY MPEeICTaBHULBKUX MOTOJHAX YMOB, IO IEMOHCTPYIOTHCS BILTUB
0o0paHUX MOYAaTKOBHX Ta TPAaHWYHMX YMOB Ha pe3yibTaTu aHamizy. IlpexcrasieHi
pe3ynbTaTH PO3paxyHKIB pamialifHUX HACTINKIB HA MaWTaHYNKY IS TPaHUIHOTO
crieHapiro Baxkoi aBapii Ha AEC mo3BONSrOThCS OOTPYHTYBATH IIIXOIU JO PO3POOKH
METOAMKH OLIHKU paliallifHNX HACTIAKIB HAa MAalIaHYNUKY 3 JOTPUMAHHSIM MPHHIUITY
KOHCEPBAaTHBHOT'O MiIXOy.
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J0 IIUTAHHA PO3POBKH HOBUX TA KOPUT'YBAHHSA ICHYIOUHUX
HOPMATHUBHHMX JOKYMEHTIB 110 3HATTIO AEC 3 EKCILTY ATAIII

boiiko Hamania I'puzopiena, @inamoe Bonooumup leanosuu

Haraxis I'puropisaa boiiko, imxenep, nposigauii ¢paxisens JAOI,
E-mail: b.natalive@gmail.com.
Bomomumup [BanoBna DinaToB, KaHAUAAT TEXHIYHUX HAYK, JOIEHT,
E-mail: vladimirfilat55@gmail.com. m. Kuis.

HaB4asnbHO-HayKOBHI IHCTUTYT aTOMHOT Ta TEMJIOBOT €HEPreTHKH.
HauioHanbHui TeXHIYHUE YHIBepcUTET Y KpaiHH
«KuiBcbkuii nonitexHiyHuii iHcTUTYT iMeHi [rops CikopcbKoro

3uATTS 3 ekciutyaTanii eHeproooky AEC - 1ie criIagHuil KOMIUIEKC 3aXOJiB i
POOIT, IKMiT TOYMHAETHCS 3HAYHO PaHIIIe MOMEHTY OCTATOYHOI 3yNUHKN €HEProOIoKy.
VoMy TOBMHHO mepelyBaTH IUIAaHYBaHHS Ta CBOE€YACHA i e(EKTHBHA MiATOTOBYA
IisUTBHICTB. [lepmiodeproBuM 3aBIaHHAM Mi€l AIsUTBHOCTI € CTBOPSHHS 1 (PYHKIIOHYBaHHS
€IMHOTO KOMIUIEKTY 3aKOHOJJABYMX 1| HOpPMATHBHHX JOKYMEHTIB 31 3HATTS 3 KCIUTyaTalii
eneproomoky AEC. Hamani mpormo3umii moao po3poOKd JTOKYMEHTY, SIKHA BH3HAUYa€
cTparerito 3HATTS 3 ekcmryatanii AEC Ykpainn Ta mpormosuiii mono KOpHIyBaHHS
YUHHUX HOPMAaTUBHUX JIOKYMEHTIB, 10 BHM3HAYalOTh IiJXOAUW OO OOIPYHTYBaHHS
TPUBAJIOCTI CTaJlii BUTPUMKH KOHKPETHHX €HEProOIIOKiB.

Kniwouoei cnosa: euneprobmok AEC, HOpMaTHBHHH TOKYMEHT, CTpaTeris,
KOHIICTIIIisI, TIPOEKT.

Beryn

IMurannst 3HATTS 3 ekcrutyaranii eHeproOnokiB AEC VYkpainm HaOyBae Bce
017b1101 AKTYa bHOCTI OCKUIBKH ABAHAALLITH 3 11" ITHAALSTH JIiF0urX eHeproonokis AEC
VYKpaiHu BiAIpaltoBaJI MPOEKTHUH CTPOK EKCILTyaTallil i MOJIOBUHY ABaALITUPIYHOTO
TIOIOBXKEHOT0 CTpOKy ekcruryatanii. Tak, y 2030-2031 pomi, 3 BelIUKOIO BipOTiAHICTIO,
MOKe MaTH Micue octaroyHuit 3yrmuH enepro6iokis PAEC-1 i PAEC-2 3 BBEP-440/B-
213, a y 2033 pomi - ITYAEC-1 3 BBEP-1000/B-302. /Io mepeadacHOTO 3HATTSA 3
eKCIUTyaTallil OKpeMHX CHEeproOJOKiB MOXKE NPH3BECTH CHTYyAIlis, IO CKiIajacs Ha
Maiinaauauky 3amopi3zekoi AEC 3 mprumH 11 oxymarii.

o npobnemu, mos's3aHoi 3 mutaHHAM 3HATTI AEC 3 excinryararii, 1ogaroTecs
iHImI mpobieMu: 3MIHM B CHEPreTHYHIM Taiy3i, 3yMOBJEHI BIUIMBOM SIK 30BHIIITHIX
¢dakTopiB (MOMTHYHUIA CTaH KpaiHW; TPUCKOPEHHS NPOIECiB €BPOIHTETpallii; HOBI
BEKTOPH CIIBIpAIll 3 MDKHAPOJHUMHU MapTHEPaMH EHEPreTUYHOTO CEKTOpYy), TaK 1
BHYTpILIHIX (hakTopiB (peopMU B €HEPreTHUHIH Tayy3i, 0 TPUBAIOTH; YacTi 3MiHH
HOPMAaTHBHO-TIPABOBOI 0431 EHEPreTHYHOI I'aly3i; eKOHOMIYHHUI CTaH KpaiHW; KOJIMBAHHS
y 3abe3neueHH] rany3i BiIOBIIHUMHU (DaxiBIsMH TOLIO). TOMy NHMTaHHS pPO3pPOOKH,
Hmeperyisiy 1 MPAaKTUYHOrO MOJAJIBIIOTO 3aCTOCYBAaHHS JIOKYMEHTIB 31 3HATTS 3
excmutyatanii (nami - 3E) AEC rakux, sk Crpareris, Konuemnuis, [Ipoext, notpe0OyroTsh
OLITBII BiIIOBIAATBEHOTO Ta ETANI30BAHOTO ITiIXOTY.
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Came cbOrosiHi, KOJIM 10 MOSKJIMBOrO nodatky npouecy 3E nepumx 6mokiB AEC
3anuiuaeTbesi MeHnle 10 pokiB 1 70 MOYATKy B)KE BH3HAYEHHMX IIArOTOBYMX pOOIT
3aJIMIIIAETHCS MPUOIU3HO 5-6 POKIB, 0COOIMBO BAKJIMBUMH 1 HEBIJIKIIATHIMU € BiIOBIII
Ha MTUTaHHA: AKUi naket JokyMeHTiB 1070 3E AEC HeoOXiHO MaTh Ha IOYaTOK POOIT,
XTO 1 SIK Ma€ po3pOOIISATH HOBI TOKYMEHTH, SIKi METON HEOOX1THO BUKOPHCTOBYBATH IIi
gac (opMyBaHHS NUX AOKYMEHTIB 1 SIK IIi METOIM 3aCTOCOBYBATH, SIKi JOKYMEHTH
T ATISTaI0Th KOPUTYBAHHIO.

AHaui3 JiTepaTypHHUX JKepes

BumMorn 3MmicTy HisTIBHOCTI 1O IDIAHOBOMY 3HSATTIO 3 ekciuryatamii AEC Oymu
Bepuie HaBeneHi mie B 1998 poui B HopmaruBHOMY mokymenti HIT 306.2.02/1.004-
98 «3aranpHi MoJjoXKeHHs 3a0e3neueHHs Oe3MeKH MPH 3HATTI 3 eKCIUTyaTalil aTOMHUX
EJIEKTPOCTAHIIIH Ta JOCHIAHULBKUX SAEPHUX peakTopiBy (31 3miHamu 201 1poky) [1]. Ha
npoTsi3i Outbiie HiK 20 pOKiB el JOKyMEHT BU3HA4aB 3arajibHi IOJIOXKEHHS II0J0
3a0e3neyeHHss Oe3MeKH IpH  3HATTI 3  eKCIUTyartalii eHeproOJOKiB — aTOMHHX
CIIEKTPOCTAHIIIN Ta JOCIITHUIBKAX PEaKTOPIB, SIKi HE 3a3HAIH M03aMPOEKTHHUX aBapiil. B
00CsI31 IIUX TIOJIOKCHB OYJIH 1 BUMOTH 10 Makety HokyMeHTIB 3i 3E eneprobmokis AEC.
3okpema OyJ0 3aeKIapOBaHO, MO eKCIUTyaTyloda opraHizamis (mami — EO) Ha pisHHX
CTaIisIX JKUTTEBOTO LMKy eHeprodioky AEC moBuHHa roTyBaTnCst 10 MaiOyTHHOTO
3HATTS. HOTO 3 eKCIUIyaramii, a came: po3poOJsATH KOHIEMIII0, CTPAaTerilo, Mporpamy
3HATTA eHeproonoky AEC 3 ekcruryarartii.

Konmenist Maxa po3poOnaTick Ha cTafii mpoekTyBaHHA eHeprodmoky AEC i B
KOHLIEITyalIbHill opMi BioOpakaTu Ti 3 OCHOBHUX aCIEKTiB ((paKTopiB) 3a3HAYECHUX B
[2], po3rmsax SKMX € MOXJIMBUM Ha CTafii mpoekTyBaHHS. Ha craxii excruryaTtarii
enepro6moxy AEC Konuenmis Mana nepiognyHO MeperisiIaTiCh 3 ypaxyBaHHAM HOBHX
JIAaHUX 1010 (aKTOPiB, SKi BIUTMBAIOTH HA 3HATTS €HEProOJIOKy 3 eKCIuTyarallii, Ta, 3a
MOXJTUBICTIO, y HaiOLbII MOBHiH (hopmi BigoOpakaTy Ti 3 eperniueHux B [2] OCHOBHHX
acreKTiB ((paKkTopiB), PO3IIIS IKMX € MOXKIIMBHAM Ha CTaJlil eKCILTyaTarlii.

Y 2004 poui OyB npuitHsatuii 3akoH Ykpainn «IIpo BHIOpsIKyBaHHS NHTaHb,
OB’ SI3aHUX 13 3a0e3MeUeHHsIM siIepHOi Oe3nekw» [3], KUl BU3HAYMB, 1[0 OCHOBHHM
JIOKyMEHTOM, BIIMOBIIHO JI0 IKOTO MOBUHHO 31iticHioBatucs 3E e [IpoexkT.

VY 2004 poui HaOyB 4MHHOCTI DOKyMeHT «KoHuenmisi 3HSATTS 3 eKcIuTyaTarii
JUIOYMX aTOMHUX €JIeKTPOCTaHIii Ykpainm» [2]. 3a iepapXiqHO0 TiAMOpsSAKOBaHICTIO
JOKYMEHT BiTHOCHBCS O HOPMAaTHBHOTO JOKYMEHTa Taly3€BOTO DPIBHS, II0 BH3HAYaB
OCHOBHI KOHIIETITyaJbHI DIIIEHHS 31 3HATTA 3 €KCIUTyaTalii Ta MICTHB pe3yJbTaTH
CTPATETIYHOTO TIAHYBAHHS 1 JOBTOCTPOKOBOTO MPOTrHO3Y AistmbHOCTI i3 3E mirounx AEC
VYkpainu.

Y 2015pomi «KoHmenmis 3HATTS 3 eKCIUTyaTalil MdilOYAX aTOMHHX
enekTpocTaHiii Ykpainm» pepaxuii 2004 poky Oyia meperyisiHyTa 1 HaOyJia YMHHOCTI
HoBa i pemakiis [4] (mani - Konnernist 2015).

IMepernsiny Konuenuii nepemyBaia po3poOka 1 HaOyTTsSi YMHHOCTI Iay3eBOrO
HopMmaTuBHOro  gokymeHty COY HAEK 015:2012 «CHaTHe ¢ 3KCIUTyaTaluu.
TpeOoBaHusl K CONCPKAHUIO KOHIICHIMU CHATHS ¢ 3kcmryararmu ADCy [5], skwuid
BCTAQHOBJIFOE BUMOTH JI0 CTPYKTYPH 1 3MICTY, TOPSIKY Y3TO/DKEHHS 1 3aTBEp/KCHHS
«Konmeris 3uatTs 3 excroryararii gitounx AEC Ykpaiam». JJokyMmeHT 3a3Hadae, 1o
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Crparerist 3E mae Oyti omauMm 3 posauniB Konnenmii ta mae omicyBatn Bapiantu 3E
06’extiB AEC, Bubip ontumanbsHoro Bapianta i nopsinok 3E AEC.

Ha mincrasi HIT 306.2.02/1.004-98 «3aranbHi 11oJ10KeHH 3a0€e31e4eHHs Oe3IeKu
NpU 3HATTI 3 €KCIUTyartalii aTOMHUX €JEKTPOCTAHLIM Ta JOCHIIHULBKHX SIEpHHUX
peaktopiB» (31 3mimamu 2011poky) [1] Oymm pospoGmeni Konmemmii 3HATTS 3
excrutyaTanii Bcix AEC Ykpainm.

I3 HabyTTsim wmaHOCTI B 2020 pori HOopMaTtmBHOTO mokymenty HII 306.2.230-
2020 [6] noxyment HIT 306.2.02/1.004-98 [1] BTpaTHB YHHHICTB.

Ha cporogni came HopmatuBHHHA gokymenT HII 306.2.230-2020 [6] BcTaHOMIOE
METy Ta OCHOBHI BHUMOTH 3a0e3leueHHs sAepHOi Ta pamiamiiiHoi Oe3mekw g dgac
3IMCHEHHS JisIbHOCTI 3 IIJIaHYBaHHsL, IiATOTOBKY, IPOBAPKEHHSI Ta 3aBEPILCHHS 3HSITTS
3 eKCIUTyaTallii SAepHUX YCTaHOBOK (mami — S1Y) sk Ha eramax NPOEKTYBaHHS Ta
OyniBauuTBa SIY, Tak i Ha eTanax BBEJICHHs B €KCIUIyaTallilo Ta ekcruryaTamii Y.

BiamnosigHo no nonoxkenb [6] maker nokymenTiB 3i 3E AEC mae mocninoBHO
PO3pOOISATHCS, TOYMHAIOUM 3 eTamy MpoekTyBaHHs Y, 1 CKIagaTHCs 3 TaKHX
JIOKYMEHTIB:

o crpateris 3E Y (po3poOisieThes Ta 3aTBEPIKY€THCS BiIIIIOBIIHO 110 ep>KaBHOT
TIOJIITHKY Ta CTpaTerii y cdepi BUKOPUCTAHHS SACPHOT eHepril);

o xontemnis 3E AY (po3pobdnsgerses Ha ocHOBI ctpaterii 3E AY);

o 1poekT 3E AV (po3po0iaseThest Ha OCHOBI KOHIIEMIIIT 3HATTA 3 eKcIutyaTamii AY).

Metoro myOmikamii € aHami3 3MiCTy HOPMATHBHHX IOKYMEHTIB 31 3HATTSA 3
excrutyatanii AEC 3 Touku 3opy BuMOr [6] Ta HagaHHs MpPONMO3MIIH MIONO iX
KOPHI'YBaHHS 4H/Ta pO3pOOKH HOBHX JIOKYMEHTIB.

AHaJI3 3MiCTY HOPMATHBHHUX JTOKYMEHTIB Ta HaJXaHHs MPOMO3MIIiii MO10 iX
KOPHUI'YBaHHS

BimoBinHO 10 MeTH i€l cTaTTi Oy Iy Th pO3MIISHYTI YrHHI 3apa3 Konmenmis 2015,
KoHUerii 3HATTA 3 ekcruryaranii AEC (konkpetHi s koxxHoi AEC) Ta HopmaTuBHuMIA
JMOKYMEHT, IO BH3HAYa€ BUMOTH 10 pO3poOku [IpoekTy B3HATTA 3 eKcInlyararlii
eneproomoky AEC [11].

Konnenist 2015 [4] € HOpMaTHBHUM JOKYMEHTOM, 1110 B KOHLIENTYalbHii hopmi
BiZloOpakae OCHOBHI acTieKTH AisuTbHOCTI 13 3E, KinmbKicTh cTafii 3E, 0CHOBHI MOJI0KEHHS
crpaterii 3E Ta oOrpyHTOBaHO Ja€ BiONOBih Ha T€, B SKOMY KiHIIEBOMY CTaHI Mae
sHaxoautucs eHeproomok micas 3E. Ile Bimmosimae Bumoram mo Crparterii 3HATTS 3
ekcruryartanii SIY, HaBenenuM B [6]. Buxozsau 3 Toro, Mo cepes SIEPHUX YCTAaHOBOK
VYkpaiHn OCHOBHY 4YacTHHY CKJIanaroTh eHeprodmoku AEC, a Takox Te, mo Iii
eHeproOoku ogHoTUIHI, Konterist 2015 moxe OyTu BUKOpHCTaHa sk ocHoBa CtpaTerii
3HATTA 3 excintyaranii AEC Ykpainu 3a yMOBH mepepoOKH Ta/4u KOPUTYBAHHS OKPEMHUX
O3B,

Tak, posnuin Il «IcHyroumii cTaH Ta creHapii pO3BHTKY SA€PHO-EHEPI€THYHOTO
KOMIUICKCY» [TOBUHCH OyTH BUKJIFOUCHHH 3 3a3HAUCHOTO JOKyMeHTy. Ile aprymeHTOBaHO
TUM, [0 3 OJHOTO OOKy NHUTAaHHS IUIAHYBAaHHS PO3BHUTKY SICPHO-CHEPICTHYHOTO
KOMIUICKCY TOBHHHO BXOJUTH JIO 3arajbHO-ICPKaBHOI TMPOrpaMU  PO3BHUTKY
€HepreTHYHOi Tayly3i, a 3 IHIIOrO - HaBeleHI B MiAPO3JIUII BapiaHTH CLEHapiiB
cnopymkenast AEC B VkpaiHi He BiANoOBimaroTh peanbHiM cutyamii. Ilimpo3min
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3 «IIporno3 obcsiriB yrBopeHHs ekciutyatariiaux PAB na AEC» uporo po3niny 6axkano
CKOPOTHUTH JIO0 JAEKJIAPYBaHHS 3arajbHUX MiaxoniB. [TutaHHs Nmporao3yBaHHsS 0OCATIB
yrBopeHHs1 PAB Bin nepepodku BAII nirounx AEC Ykpainu Takox HOTpiOHO po3riisaaTH
B MEXaX OKpEMOi Jiep>kaBHOT IPOTrpaMH.

Po3min IV «3usarras 3 excmryaramii  mitounx AEC  VYkpainm» HeoOXimHO
BIIKOPUTYBATH BiJIOBIIHO /IO MOJ0KEHB [6].

Posrisin BapiaHTIB 3HATTA 3 eKCIDTyaTallii HeOOXiHO MPOBECTH 3 YpaxyBaHHIM
3MIiHH KUTBKOCTI cTamii peamizamii mpomecy 3E. 3aranpHe BH3HAUEHHS BapTOCTI Ta
TpaIleBUTPAT TPH peaizallii 3axo/iB Ha okpemux crafiax 3E eneproOmokiB HE0OXimHO
BUKOHATH 3 YpaXyBaHHIM CydacHOi iH(OpMAIlii po MpOBEJCHHS aHAIOTIYHUX POOIT Ha
AEC 3a xopaonoM. ITigposain 5 «IloBomkenns 3 PAB, 110 yTBOPIOIOTECS TIPH 3HATTI 3
eKCILTyaTallil eHeproOJIOKiBY I[HOT0 PO3ALTY TAKOXK OaKaHO CKOPOTHTH JI0 JCKIIapyBaHHS
3arajbHUX MiIXOMiB, Oe3MmocepeIHbO KiNbKICHI XapaKTepUCTHKU BU3HAYHMTH 1 HA/IATU B
KOHIICTIIIISX 3HATTS 3 eKcIutyaTanii koHkpeTux AEC.

Pozninu V «HaykoBo-texniuHa miaTtpumka JisibHocTi i3 3E AEC» i
pozmin VI «CorianbHi 1 KaapoBi MUTaHAA 3HATTSA 3 ekciuryaTamnii AEC» MoxyTs OyTH, 32
HeoOXimHicTIO, BigkopuroBaHi, a po3ain VII «DinaHcoBe 3a0e3nedeHHS 3HATTS 3
ekcroryararnii AECy - mepepoOieHuii 3 ypaxyBaHHAM aKTyalli30BaHOI iH(pOpMAIIi o0
Bapricanx nokasHukis 3E [7].

«Konmenii 3u1TTs 3 ekciuryaranii girounx AEC Ykpaiam» € mokymentom EO,
SKW BU3HAYa€ CYKYIHICTh MIAXOIIiB 1 3aXOIiB CIPSIMOBAaHUX Ha 3a0e3MeYeHHS
MalOyTHBOTO 3HATTS 3 eKCIUTyaTalil Mil0uMX Ha MpoMuciioBoMy Maimanunky AEC
SAIEPHUX YCTAHOBOK 1 00’€KTiB, IO NMPH3HAYEHI [UIA MOBOKCHHS 3 PaliOaKTHBHUMHU
BIIXOIaMH.

B Konnenmii 35714 3 excrutyaranii AEC noBuHHO OyTH, BiAIOBIAHO 10 BUMOT
[6], HaBeneHO TMOcWIAaHHA Ha BH3HaueHHH B «Ctpaterii 3HATTS 3 ekciuryartanii AEC
Yxpainm» BapianT 3HATTA. Ha 3apa3 1e BapiaHT BiAKIaIeHOTO IeMOHTaXy. BogHouac B
mix Konnenmisix (okpemux st koxkHoi AEC) morpiOHO HaBecTH pe3ynbTaTH
OOTpyHTYBaHHS  BapiaHTIB / IiABapiaHTIB  3HATTA 3  CGKCIUIyatamii  OKpeMHuX
eHeproOiokiB / SIY, 10 BiAPI3HSAIOTHECS TPUBAIICTIO CTazli BUTPUMKH. 3a3HaucHe
OOIpyHTYBaHHS MOXx¢ OyTH BUKOHAHE Ha OCHOBI TEXHIKO-CKOHOMIYHOTO IMiAXOMY, SIKHA
0a3yI0ThCsl Ha BpaXyBaHHI HACTYIHUX (pakTopiB:

® HalOUTBIT TPYIOMiCTKOIO, TEXHIYHO CKJIAJHOIO Ta OE3MOCEPETHBO MOB’ I3aHOI0
3 3a0e3MedYeHHsM BCiX AaCIeKTiB pamiariiifHoi Oe3Nekd € MisUTBHICTh MO JEeMOHTAXy
oOmagHaHHA 1 OynIiBeNb, M0 MICTATH JKepea 10HI3yIoYoro BUIPOMIHIOBAHHS (Haimi -
JIB) 3 mogansuiM noBopkeHHEsSM PAB, siki OymyThb 32 Takix yMOB BUHUKATH;

e 3arajibHa KUIbKICTh MarepianiB, mo MicTiaTh /[I[B € makcuManbHa B MOMEHT
OCTaTOYHOT 3yITMHKH 1 3HIKYETHCSI BIPOAOBIK Hacy 3a PaXyHOK IPUPOJHOTO 3HIDKECHHS
AKTUBHOCTI;

e nipakTraHO Bei J[IB 3HaxomsaThest B TBEpAOMY CTaHi B MEXaxX I€pMETHYHOTO
OT'OpPO/KEHHS PEaKTOPHOI YCTaHOBKH;

e Bci PAB, mo OynyTh BUHMKATH TIPH JEMOHTaXI, MICIIs BiIIOBIHOI IepepoOKu
OyIyTh IIepeiaBaTHCh Ha 3aXOPOHEHHS B TBEPJOMY CTaHi;
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® HEOOXIJIHICT TIPOBEICHHS J€3aKTHBalil Mepe] Ta MiJ dYac JEeMOHTAaXy
BU3HAYAETHCST HEOOXITHICTIO 3a0e3MeueH s Oe3MeKH NepcoHally 1 HaceleHHs B YMOBaX
BIICYTHOCTI /i1 IIbOTO Cy4aCHUX aBTOMATH30BaHUX TEXHOJIOTIH;

® [IPOBEICHH JIE3aKTHBALlii B KIHIIEBOMY CTaHi IpU3Beie 10 nepeposnoniny PAB
MDK TpyTIaMH Pi3HOTO PiBHS aKTHBHOCTI 1 B MeXaX MiATPYII OXHOTO PiBHS aKTUBHOCTI, a
TaKOX J0 MEePepO3IO Ty BATOBUX XapaKTEPUCTHK WX TPYII / MATPYTI, e, B CBOIO Yepry,
MO’K€ BIUIMHYTH Ha cxoBuia PAB;

® HEOOXIOHICTh TPOBEACHHS ME3aKTHBAIlil MOXKE MOTPeOyBaTH CTBOPEHHS
nomaTkoBoi o icHyrodoi Ha Manmanunky AEC iHGpacTpyKTypH MO TTOBOIKCHHIO 3
pinkumu PAB i mepeBeneHHsIM iX y TBepAuii CTaH.

[opiBHsbHMA anami3 po3aitiB Konnenmii 3H4TTS 3 ekcrutyaranii okpemnx AEC
[8-10] mokasye, 0 NMHUTAaHHIO BpaxyBaHHS BHIlE HaBeJEHHX (AKTOPIB HE NpPUILICHO
JocTaTHbo1 yBard. Tak, B Iipo3/iiiax NpUCBIYEHNX OLIHKK 00csTiB PAB, 1110 BUHHMKaIOTH
IIpH 3HATTI 3 eKCIUTyaTallii HaBeJleHa MPaKTHYHO OJIHAKOBA KUIBKICTh nepepodiiennx PAB
st Beix jgecatu eHepro6sokie BBEP-1000, no sikux Bxomsath TBepai PAB Brcokoro,
CepeTHROTO 1 HU3BKOTO PIBHSA aKTHBHOCTI 1 COJNILOBHH IIaB. BogHOYAC TPUBANICTH cTafii
ButpuMKH BinpizHsaeTses Bix 11 (3AECI) mo 30 (XAEC1 i PAEC3) poxis.

OTxe, CTaHIAPT EKCIUTyaTy04oi OpraHizariii, SKuii Bu3Hadae BUMOTH 110 [IpoekTy
3HATTA eHepro0ioky AEC 3 excmryararii [11] moTpeOye meperisiay y 9acThHI MO0
BuMor 10 [IpoekTy 3HATTA 3 ekcrutyaTanii Y, HaBeneHnx y [6]. B sSIKOCTI BUXiTHUX TaHUX
JuIst KopuryBaHHS [IpoekTy uisi crajii BUTPHMKH JOIUIBHO 3a3HAYUTH DPE3YJBTATH
JIOZIATKOBOTO KOMIUIEKCHOTO PaJialliiHOro iHKEHEPHOTo OOCTEXEHHS, sIKe MOXe OyTH
npoBeeHO 3a 8-10 poKiB 70 MOYaTKy POOIT MO JEMOHTAKY.

BucHoBkH

IIpononyetscs:

1. HopmatuBHuil noxkyMmeHT «KoHIemnIis 3HATTA 3 ekciuryaramii girounx AEC
VYxpainn» (Konuenuist 15) nepernsiHyTH i nepeBUIycTUTH B ctatyci «CTpaterist 3HATTS 3
excrutyatanii AEC VYkpainm». Y JOKYMeHTI, BIIOBLIHO 11O BUMOT [6], HaBECTH
NPUHHATHI BapiaHT 3HATTS 3 EKCINTyaTallii 31 BciMa HEOOX1THUMH 00T PyHTYBaHHIMH.

2. lepernsaytn  «Kownnemmii 3usaT1T 3 ekcruryatanii AEC» mirounx AEC
(xoHKpeTHI 11 K0kHOI AEC) Ha BiINOBIAHICTE IIOA0 BUMOT [6]. Y momaTku 10 IUX
Konmnemnmi#i BKIIOYNTH OOIPYHTOBAHWN 3 TEXHIKO-€KOHOMIYHHMX MMO3MWINHA MiAXix 10
BHU3HAYCHHS TPUBAIOCTI CTAJIi1 BUTPUMKH TSI KO>KHOTO eHeproomoky AEC.

ITepeJik BUKOPHCTAHMX JIzKepeJ

1. HIT 306.2.02/1.004-98 «3arampHi TOJIOKEHHS 3a0€3MeYeHHsT OE3MeKu TpH
3HATTI 3 eKCIUTyaTallil aTOMHUX €JIeKTPOCTAHIIIN Ta JOCIITHIIBKUX SIIEPHIX PEAKTOPIBY.
3aTBeppKeHo Haka3oM MiHICTpa OXOPOHU HABKOJIMIIIHBOTO TIPHPOJTHOTO CEPEOBHIIA Ta
snepHoi Oe3nexu Ykpainu Bix 09.01.98 Ne 2.

2. «KoHuenuist 3HATTA 3 eKCIUTyartalii MAil0YMX AaTOMHHX eJIeKTPOCTaHIN
VYxpainuy». 3aTBepkeH0 Haka3oM MiHicTepcTBa MaBa Ta CHEPreTHKN Y KpaiHu Bijg 12
TpaBHs 2004 Ne 249,

3. 3akoH Ykpaiuu «[Ipo BIopsaKyBaHHsS NHTaHb, ITOB’S3aHUX 13 3a0€3NEYEHHSIM
sIIepHOT Oe3MeKm».
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4. «KoHuenuist 3HATTA 3 eKCIUTyaTalii MiloYnX aTOMHHMX EJEKTPOCTaHIIH
VYkpaiHu». 3aTBep/pKeHO Haka3oM MiHiCTepcTBA  €HEPreTHMKH Ta  BYTUIBHOL
npomucioBocTi Ykpainu Bin 10 rpyans 2015 Ne 798.

5. COY HAEK 015:2012 «Cusrtue c sxcruryaranuy. TpeOoBaHHs K COlepKaHUIO
KOHLIETIIUH CHATHSA ¢ 3kciuryatarmi ADCy. K: [T «<HAEK «Eneproaromy», 2012. 28 c.

6. HIT 306.2.230-2020 «3araibHi TOJOXKEHHS OC3IEKH 3HATTSA 3 eKCIUTyaTamii
SIOCPHUX YCTaHOBOK». 3aTBepIpKeHO Haka3oM JlepkatomperyroBaHHs Bix 28.10.2020
Ne 440, 3apeectpoBano B MiHicTepeTsi octrmii Ykpainu 30.12.2020 3a Ne 1311/35594.

7.ligrotoBka mo 3HATTS 3 ekcruryaTamii mirounx AEC Vkpainm: mporpec Ta
pukauku. Kuis, Exonis, 2018. 32 c.

8. 0.HP.5797.1TH-17 «KoHuenuus CHATHS € SKCILUTyaTaluu sHeprodsiokos BBOP-
1000 OIT «Xmenbuutikas AECy» (2017).

9. 191-10-T1-CHPuIID «Konuenmus cHATHS C 3KCIUTyarauuy sHeprodisokos OI1
«PuBnenckas AECy» (2018).

10. 123456.1020.00.MP.00.KH.01-13 «KoHuenuus CcHATHA € OSKCIUTyaTalldH
sHeproomokoB OIT «3anoposxckas AECy» (2014).

11. COY-H SEK 1.007:2007 «IIpoekt 3HATTS 3 eKcIuTyaTarii eHeprodmoka AEC.
Bumorn no cknmany ta 3micty. HacranoBay. K: MiHicTepcTBO mannBa Ta €HEPreTHKH
VYxpainu. [lep>kaBHe HiNPUEMCTBO HAIiOHAIbLHA aTOMHA €JIEKTPOTeHEepyIoya KOMITaHis
Eneproatom, 2007. 31c.

REGARDING THE ISSUE OF DEVELOPING NEW AND AMENDING EXISTING
REGULATORY DOCUMENTS ON NPP DECOMMISSIONING

Abstract: Decommissioning of a nuclear power plant is a complex set of activities and
works that begins much earlier than the moment of its final shutdown. It should be
preceded by planning and effective timely preparatory activities. The primary task of this
activity is the creation and functioning of a single set of legislative and regulatory
documents for managing the activities of this complex process. Proposals for the
development of a document that defines the decommissioning strategy for NPPs of
Ukraine and proposals for correcting the current regulatory documents, which determine
the approaches and requirements for decommissioning the NPP power unit, have been
submitted.

Keywords: NPP power unit, regulatory document, strategy, concept
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NEUTRON-PHYSICAL PROPERTIES OF FUEL-CONTAINING
MATERIALS IN THE "SHELTER" OBJECT

Borysenko Volodymyr, Horanchuk Vadym, Yurov Maxim

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

Analysis and substantiation of the nuclear safety of fuel-containing materials
(FCM) will be one of the important issues during the operation of the "Shelter" Object
(SO) for a long time, until the moment of extraction and burial of nuclear materials
destroyed in 1986 of power unit No. 4 of the Chornobyl NPP. A significant quantity of
nuclear materials in the SO are uncontrolled, and the geometry of their location is also
poorly known. Therefore, using traditional methods of nuclear safety analysis to
determine the conditions for reaching criticality in the volume of FCM can lead to
significant uncertainties, depending on the assumptions and simplifications adopted in
FCM models. In contrast to traditional nuclear installations with design characteristics
and control systems, there is no possibility to affect the FCM deterministically, and,
accordingly, to determine their dynamic characteristics. In such conditions, it is
necessary to be responsible for receiving and interpreting the results of monitoring the
FCM parameters by the SO control systems. For example, in 1990, one of the neutron
flux detectors recorded an anomalous change in the neutron pulse counting rate for ~100
hours. This event is often called a "neutron incident" (NI), and it formed the basis of
some models in which the possibility of reaching criticality in one of the FCM clusters
is assumed. The article presents the research results on the physical possibility of the
strange event of 1990, as well as the analysis of simplifications and assumptions in
models of the criticality of FCM. An important result of the conducted research is the
substantiation of the need to include in the FCM criticality model the effects of reactivity
on fuel and water temperature, as well as to take into account delayed neutrons.

Keywords: fuel-containing materials, "Shelter" Object, effective neutron
multiplication factor, reactivity, reactivity effects, neutron incident, delayed neutrons.

Introduction

Assessment and substantiation of the nuclear safety of fuel-containing materials
(FCM) of the "Shelter" Object (SO) is one of the important issues both during the long
period of post-accident monitoring of FCM (for more than 37 years), and when planning
actions regarding the handling of FCM during conversion SO into an environmentally
safe system. Among the main tasks in handling FCM is ensuring reliable monitoring
and control of the effective neutron multiplication factor K¢rin the conditions of possible
changes in the material composition of FCM and the geometry of the location of nuclear
materials during long-term uncontrolled storage.
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Table 1. provides information on the amount of nuclear fuel that was in the
reactor room of power unit No. 4 of the Chornobyl NPP as of April 26, 1986 [1]:

Regarding the possibility of creating conditions for a self-sustaining chain
reaction of fission in LFCM

To determine the possibility of achieving criticality conditions in lava-like FCM
(LFCM), it is necessary to investigate the material (chemical) composition and the limits
of its possible change over time, as well as the geometry of the location of LFCM and
other components of building structures in the SO. By the material composition of "dry"
LFCM in the form of both black and brown ceramics, any of their accumulations are
deeply subcritical [2-4].

Table 1. The amount of nuclear fuel in the reactor room of power unit No. 4 of the
Chornobyl NPP as of April 26, 1986

Type of nuclear fuel FA,un. | U kg 35U, kg 239py, kg
Fresh nuclear fuel 48 5596.7 111.2 -
Irradiated nuclear fuel 1659 188400 1900 685.2
Spent nuclear fuel 129 14637 134.4 56.9

FA - fuel assembly

The possibility of an effective moderator, for example, water, entering the LFCM
will increase the effective neutron multiplication factor. When applying conservative
conditions in the criticality research model in LFCM, it is possible to achieve criticality
[5, 6]. We will call such zones in LFCM - critically possible zones (CPZ), or critical
mass risk zones [7].

Therefore, to confirm the nuclear safety of LFCM in SO, it is necessary to
conduct thorough studies of models of the criticality of LFCM clusters based on
confirmed data regarding the material composition and geometry of the location of
LFCM clusters.

"Shelter'" Object control systems

The first information system of the SO was the "Shater" complex, which was put
into operation in 1987. The neutron flux density, gamma radiation exposure power dose
(EPD), temperature and heat flux density were recorded automatically. The sensors of
the SO complex were located in places accessible for installation of the possible location
of the FCM.

In 1987, a decision was made to drill exploratory wells to determine the locations
of LVPM in SO. Drilling operations were started in 1988. The first wells were drilled
in room 305/2. The layout of wells is presented in [2, 3]. As of 1992, the total number
of wells was ~ 150 units. [3]. When determining the location of LFCM in wells,
detectors of neutrons, EPD, temperature and density of heat flows were placed. Thus,
there was a need to accumulate and systematize the received information, which was
implemented in the new information and measurement system (IMS) "Finish".
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Anomalous event during the registration of the neutron flux
in one of the channels of the IMS FINISH

After the KNT-31 neutron detector was installed on June 16, 1990 in the
measuring channel 50 and connected to the FINISH events began, which would
later be called the "neutron incident " (NI).

Fig. 2 shows the results of the counting speed of the neutron detector in channel
50 registered on June 27-30, 1990. In Fig. 3, markers (A) indicate the experimental
values entered by the operator of the FINISH in the registration log. During the operation
of measuring channel 50 in the test mode, the operator entered data into the registration
log every 2 hours only during the day shift from 9 a.m. to 7 p.m. (see Fig. 2). mode,
namely, recording of information is carried out several times a day [10]. Therefore, one
of the possible reasons for the abnormal behavior of channel 50 may be the influence of
the human factor. For example, for more than 20 hours from 06.28 to 06.29. the same
values of the number of recorded pulses were recorded, namely 14 pulses/s, in channel
50 of the FINISH (see Fig. 2).

Kanand48
Cgks. 3-21-E

Cks. | | Kanan 45 | Kanan 50
3-11-A | TPK | Cks. 3-10-T

Fig. 1. Schematic of placement of neutron detectors of IMS "Finish" in 1990.
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Fig. 2. Counting speed on channel 50, experimental values - marker A,
restored data with a dotted line, the marker is 0.

It was at this time that the search for the causes of the abnormal behavior of
channel 50 was conducted, but these facts were not reflected in the registered
information. Placing an external source of neutrons and an additional detector in the
tube of channel 50, of course, could lead to a change in the position of both the neutron
detector itself and its components: paraffin insulation, cadmium screen. Such possible
changes in the actual geometry of the location of the detector in channel 50 could already
lead to a significant change in the efficiency of the detector in the geometry of channel
50.

According to [9], at 23:37 on 06/29/1990 and 00:50 on 06/30/1990, a 1% solution
of gadolinium nitrate was poured into room 304/3, where the neutron detector of channel
50 is located, which resulted in a decrease in the counting speed of the neutron detector
(see Fig. 2). It was the registered data regarding the counting speed of the neutron
detector of channel 50 on June 29+30, 1990, that became the basis of many hypotheses
and models, which are precisely what they call the "neutron incident". Let's consider
various facts about the physical possibility and the validity of NI.

One of the arguments put forward by the authors to confirm the hypothesis that
criticality has been reached in the CPZ is the power oscillations that were established
after the data recovery procedure of channel 50 after it was blocked from CPZ neutrons
with a gadolinium nitrate solution on 06/30/1990. One of the examples of "restored"
data is given in [11]. Figure 2 also shows the restored data with a dashed line, the marker
is 0.

About the "restoring oscillations" themselves, which are ~10+15% of the signal
level, it can be stated that such a change in the "neutron power" in the CPZ cannot be
evidence of reaching a critical state in the CPZ, and even more so its transition from a
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supercritical state to a subcritical one and vice versa. To prove this, first of all, we will
confirm that the neutron control systems located in the area of the reactor shaft are
sufficiently sensitive and adequately respond to changes in the neutron activity of
LFCM.

Neutron-physical and thermal models of LFCM acquisition

Let's consider other possibilities for evaluating the characteristics of neutron-
physical and thermal processes in CPZ. We will evaluate the effect of forced separation
in the CPZ on its thermal characteristics. For this consideration, we will assume that the
residual energy release as of June 1990 was ~790 W/t U [2], and the neutron activity
through the channel of spontaneous fission of actinides is ~13 n/s'g U [2].

Assume that in the dry state of the CPZ, the effective neutron multiplication
factor Keris ~0.5, and during the "incident" Keris ~0.9999, which will lead to an increase
in the neutron density in the CPZ by ~5000 times, and according to the law of inverse
multiplication, the number of neutrons will be 130,000 n/s-g U. And, even if all neutrons
take part in the forced fission of nuclear fuel isotopes, the additional power of energy
release will be (130,000 - 200 MeV) = 4.2 uW/g U.

Compared with the power of residual energy releases of the nuclear fuel of the
destroyed unit, which is 790 uW/g U, it is obvious that to affect the thermal state of the
nuclear fuel in the CPZ, the number of neutrons in the system must increase at least by
~100,000 times, which necessarily will (or would) be recorded by the control systems
in the SO.

Let's consider other experimental facts to confirm the improbability of the
processes of possible ingress of water into the CPZ of room 305/2, and, accordingly, the
possibility of transferring the CPZ into critical and supercritical states.

First, we will consider the actual data regarding the temperature of LVPM in
CPZ.

To determine the maximum temperature of LFCM in the CPZ, we will use the
following model: we will assume that the temperature difference between the outer
surface of the CPZ and its central part (where the temperature is maximum) is directly
proportional to the specific energy release. A similar model is also correct when
determining the average temperature of nuclear fuel in fuel rods of nuclear reactors
depending on the temperature of the coolant (the outer surface of the fuel rod) and the
specific energy release in the fuel rod itself [12].

The work [3] presents the data of experimentally measured temperatures in the
future measuring channels during well drilling summarized for November 1988. The
maximum temperature in the LFCM is 200 °C. The specific energy release on November
30, 1988 (949 days after the accident) was ~1,620 W/t U, and on June 30, 1990 (1,536
days after the accident) it was ~790 W/t U [2]. Taking the external air temperature
around the CPZ to be ~40 °C, the result of the model calculation of the maximum
temperature in the middle of the CPZ for June 1990 gives ~ 120 °C. Such a result
indicates the impossibility of water getting into the middle of the CPZ. In the proposed
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model, the temperature in the center of the CPZ will drop to 100 °C in August 1991 -
1,950 days after the accident.

In addition, it can be noted that even the supporters of the "neutron incident"
model, in work [9] p.78, admit that: "The temperature of the cluster decreased and
exceeded 100 °C only in the core of the cluster."

Thus, with the impossibility of water entering the central part of the CPZ, more
precisely, the part of the CPZ with the maximum fuel content and, accordingly, the
maximum power of residual energy releases, it is physically impossible to reach the
criticality conditions in 1990.

In addition, we will provide actual data on the physical ability of water to
"penetrate" the pores of LFCM, taking into account that the experimental determination
of the total pore volume is a difficult task, and for practical application, the available
porosity of LFCM is an important indicator [8].

Moisture content of fuel-containing materials

In the models of NI supporters, to achieve criticality in the CPZ, water must
occupy ~25+30 % of the total volume of the LFCM. [5, 6]. The work [8] gives the results
of the experimental determination of the available moisture capacity of brown and black
lava-like materials - ceramics. Brown LFCMs have a higher available pore volume for
water, up to 10%, compared to black LFCMs, which have ~4% available pore volume
for water. It should also be noted that the process of water absorption in ceramics is very
slow, in ~0.2 hours, ~20 % of the available pore volume is filled, and in the next ~1000
hours, ~90-95% of the available pore volume is filled [8]. Thus, experimental data on
the available moisture capacity of brown LFCM, which make up the basis of CPZ with
the highest content of uranium, also indicate additional physical obstacles for creating
conditions under which water can enter the free volume of LFCM (the volume occupied
by pores) in a sufficient amount, more than ~25 %, to create conditions for effective
slowing down of neutrons and achieving criticality conditions in the CPZ.

And, finally, one of the main facts that prevents the realization of the conditions
for achieving criticality in the CPZ is the data of the experimentally determined chemical
composition of brown and black LFCMs, which are given in Table 2 [2]

Achieving criticality, in the real geometry of the CPZ, for brown LFCM with a
maximum uranium content of up to 10% by mass and an optimal amount of water is
possible only in a "pure" mixture of nuclear fuel and water. Adding only SiO2 in the
appropriate amount to the breeding system (Table 2) does not allow reaching the
criticality conditions. The inclusion of the actual composition of brown ceramics (Ca,
Mg, Mn,) in the model will bring the reproductive system into a guaranteed subcritical
state. To bypass such an "obstacle", a hypothesis was put forward about the possibility
of the formation of a sufficient volume in the middle of the CPZ with an increased
uranium content of more than ~40+50 %. It is such a "core" of the CPZ, which is
surrounded by brown LFCMs, that allows for reaching the criticality conditions [5, 6].
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However, as of 2024, there are no data of experimental measurements in which the
uranium content is more than 10 %.
Table 2. Elemental composition of LFCM [2]
Elemental composition of LFCM in the form of ceramics, %
Si u Ca |Zr | Al |Na [Mg |Mn |Cr B
brown 300 | 109 |49 (48 |42 |40 [3.6 |09 0.41 | 0.065
black 28.0 | 6.4 45 140 | 4.0 [39 |3.0 | 031 |0.26 |0.045

Ceramics

Models of neutron dynamics in CPZ

Let us illustrate the importance of taking feedback into account in models of the
criticality of a nuclear reactor: we will limit ourselves only to the temperature effects of
water temperature and fuel temperature. We will conduct simulations on the model [13],
which has confirmed its correctness for describing, including, rapid reactivity processes
in nuclear reactors.

Fig. 3 shows the dependence of the change in the power of the nuclear reactor
upon the introduction of positive reactivity at a rate of 10 B/s, for three different
combinations of the values of the water temperature reactivity coefficient (WTRC -

moderator temperature coefficient - MTC) and the fuel temperature reactivity
coefficient (FTRC).
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Fig.3. Change in the neutron power of a nuclear reactor when reactivity is
introduced at a rate of +10* f/s.
1-WTRC=0, FTRC=0;2-WTRC=+10°%/K, FTRC = -10*%/K;
3-WTRC=-10°%/K, FTRC =-10"%/K
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Fig. 4 shows the dependence of the change in the power of the nuclear reactor
when negative reactivity is introduced at a rate of -10* B/s, also for three different
combinations in the values of KRTV and KRTP. The values of KRTV and KRTP are

given in the captions to the figures.
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Fig.4. Change in the neutron power of a nuclear reactor when reactivity is
introduced at a rate of 10 p/s.
1-WTRC=0, FTRC=0;2-WTRC =+10°%/K, FTRC = -10*%/K;
3-WTRC=-10°%/K, FTRC =-10*%/K

The values of WTRC and FTRC are chosen for their practically minimum absolute
values. Even in this case, the difference in neutron power in the model without feedback
and in the model with feedback differs by ~3-12 times only in the first 1000 s of the
simulated process.

Thus, it is shown that the use of models to describe the change in neutron-physical
characteristics of FCM without feedback is unfounded.

Conclusions

1. The “NI” hypothesis is based on recording data from only one video channel
50 of the Finish IVS. For more than 10 neutron flux detectors and EPDs, which were
installed around the CPZ, the “NI” term was lost without any effect, which is impossible
with an increase in the flow of neutrons and gamma quanta from the CPZ to a million
times. The signal to channel 50 cannot indicate the achievement of criticality at the CPZ,
either due to the signal or to its dynamics.

2. The temperature of the LPVM at the central part of the CPZ in the 1990s was
more than 100 °C, which prevents the loss of water into the central part of the CPZ, and
it is impossible to reach These minds are critical.
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3. The volume of LPVMs should be up to 10 % of the total volume of brown
LPVMs, and for effective compliance, it is necessary to exceed 25 %, which is beyond
the reach of CPZ.

4. The actual chemical warehouse of the LPVM is “important” to achieve
criticality at the CPZ so that instead of uranium it is more than ~40-50%, however, daily
data from experimental data for LPVM in which instead of uranium mills or more than
10%.

5. In criticality models [5, 6], neutrons are not protected from contamination, as
well as reversal effects on the temperature of the fire and water; the effect of the
concentration of '¥Xe, directly affects the modeling results.
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CUMY.JIIOBAHHS ABAPIIi HA 1 BJIOIII BBEP-440 BIPMEHCBHKOI AEC
1982 POKY

bymenvko Baaoucnasa

Kuiscekwuit [omitexaigamii [HctuTyT imMeHi Iropst Cikopcpkoro
HaBuanpHO HayKOBHIA iHCTHTYT aTOMHOI Ta TETIOBOI €HEPTETHKH,
butelkovlada9@gmail.com
Kepisank: Anatomiit HocoBcrkuit

ITocranoBka nmpo0JieMu TA ii AKTyaJbHICTH

CranoM Ha 3apa3 B YKpaiHi ekcruiyaryrotbesi aBa Onoku BBEP-440, kotpi
BUPOOJISIIOTH JIOCTaTHHO BEJIMKY 4YacTKy €Heprii. 3apa3 TepMiH iX eKcIuryaTamii
MPOJIOBXKYETHCSI, Ta 3 KO)KHUM POKOM BipOTiJJHICTh BAUHUKHEHHS aBapiii 3 pO3LIMPEHUMHU
yMmoBamu pocte. B 1982 pori Ha 1 6mo1ii Bipmencskoi AEC cranacs 3ammpoeKkTHa aBapis,
KOTpa 3a0pajia )KUTTS IIepCOHATy CTaHIII Ta MorJia O mepepocT B KaTacTpody.

Came s Toro mo6 Boepertn 1 Ta 2 61oku PAEC Bin momiOHMX cleHapiis,
HEOOXIHO 3MOJICITFOBATH Ta AOCHTIIUTH MOIi1, Ta 30KpeMa IMOBEAIHKY aKTUBHOI 30HH i1
Yyac BCHOTO MepeOdiry iHIUICHTY.

AHaJIi3 0CTAHHIX JOCTiIKEeHDb

Jns  mpuknmaxy TOJaHHS —Takoro Marepialy pO3IVITHEMO TpPHUBUMIpHE
MO/ICTIFOBaHH;I epexiHuxX nporeciB B peaktopi BBEP-1000, 3 ypaxyBaHHSIM BHX1IHOT
MO

Juist Toro 1106 3ano0irTu aBapii Ha MOYaTKOBHX eTamnax il BAHUKHEHHsI TIOTPiOHO
3HATH aJTOPUTM Ail, KOTPHUH, SKIIO aBapii B peaJbHOMY XHTTI HE CTaBajoCs, MOXKHA
3MOJICNIIOBATH BIpTyalibHO. 3apa3, B PO3BUHEHOMY LU(POBOMY CBITI iCHYIOTh METOIH
JUTS MOZEIIOBAaHHS aKTUBHOI 30HHU Ta (pi3sMUHUX MPOLIECiB B Hill, 6€3 AKHX Oyno 6 BaXKO
a00 HEMOKJIMBO OTPUMATH 3a JOTIOMOTO0 TPAIUIiIHHUX METOMIB MOJICIOBaHHA [ 1-2].

®opMyTIOBAHHS METH.

JI71st cTBOpEHHS aJIrOpUTMY MOTPIOHO BipTyasli3yBaTH aKTHBHY 30HY 3a JIOTIOMOTOIO
(i3uKH nepexiHUX MPOLECiB, KOTPY BioOpakaTUMe MOZEINb KIHETHKH, IOOTIPAIFOBATH i
IIISIXOM iTeparliif Ta 3MOJIeIIOBaTH BUXIAHY MO/IIO0 B PI3HUX CTAHAX aKTHBHOI 30HU.

OCHOBHA YacTHHA
YiTke (opMyBaHHS BHXiAHOI 1OMii NOTpiOHE VIS TOTO, 100 3pO3YMITH sIKa TpyIia
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(I3MYHUX TPOILIECIB MOACTIOBATUMETHCS. [1icTIst IIHOTO BINOYBAETHCS MOJICTIOBAHHS (Mi3UKH
[IUISIXOM TIOOYTOBH 32 IOTIOMOT'OF0 KOMTI IOTEPHHX KOJIIB MOJIEINi KIHETHKH PEaKTopa.

[cHyrOTh pi3HI MOsENi KiHETHKH, aje 3aCTOCOBYIOThCS HaWdacTimre nudysiiiHa Ta
TOYKOBA. [2]

JudysiiiHa MoJenb KIHETHKN — SIBIISIE COOOI0 PO3PAaXYHKOBY CITKY, KOYKHA TOYKa
AK0i OOUYHMCITIOE TIOTPiOHI MapaMeTpH 3 BPaxyBaHHSAM CBOiX BH3HAYEHHX KOE(II[IEHTIB.
[epeBaramu Takoi MoJeii € Te, II0 BOHA BimoOpa)kae pO3MOALT HEUTPOHIB IO 00’ €My
aKTUBHOI 30HHM, IO J03BOJISIE HaM 00paxoByBaTH moii 3 po3repmern3amniero TBEJIiB, a
TaKOX PO3MOALT BUAUICHHS HEWTPOHIB IO BHCOTI aKTHMBHOI 30HH peaktopa. Hemomikom
MojIeni € gac i 00paxyHKYy.

ToukoBa MOJIENb KIHETUKH — MOJIEIb, 110 MPEICTABIISE SIAEPHUN PEAKTOP SIK TOUKY.

[NepeBaramu wmi€i Mozerni € mpocroTa Ta HaaiHicTh. Ilpartoe 3a 3akoHOM Jie3a
Oxkamu, € J0BOJII TPOCTOIO 1 B TOM kK€ 4Yac MOKOHAHOK. 3 HEIONIKIB — HE BPAXOBYE
00’€MHOTO BHIUJICHHS HEHUTPOHIB IT0 aKTUBHI 30Hi. 3 mepeBar — yac ii mipaxyHKy € JI0BOJI
KOPOTKHM.

[Ticns Toro sk mMonens KiHETHKH Oyna oOpaHa MPOBOAMTHECS MOJCTIOBAHHSA, Ta
YTOYHEHHS pe3yJIbTaTIB, MOJIENb KOPETYIOTh IIiji MOYaTKOBI BUMOTH: YKDPYITHIOIOTH UM
3MEHIITYIOTh PO3PaXyHKOBY CITKY[3].

[epeOir aBapii MOYJIFOETCS TIPH PI3HUX CTAHAX AKTHBHOT 30HH Ta PI3HUX IEPioax
KaMIIaHii.

[Ticnst hopMyrOThCSl BACHOBKH, T aBapisi BBAXKAETHCS 3MOLyJILOBAHOIO.

Himmo mpoBeneHHS MaHIMyJAMiA, KOTpi Oynn BKazaHi BHIIE € po3poOKa
ITOPUTMY [IiH NpW Takil aBapii Ta NpY BUHUKHEHHI O3HAK, NPUTaMaHHUX caMe Il
BHXIiHIH moxii [4-5].

BucHoBku.

[lincymoByroun Takuii METOJ, MOYKHA 3pOOMTH BHCHOBKH, IO BiH € O€3MeYHIM,
JIOCTOBIPHMM Ta MO)KE JIOIOMOITH B MOJICIIOBAHHI aBapiil, 4d TMOMii, KOTpi me He
CTaBaJIHCS, aJie KMOBIPHICTh IXHHOTO BUHUKHEHHS iCHYE.
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Abstract: This study will be applicable for all VVERs, especially for VVER-440,
including those operated at RNPPs and those that have reached the end of their service
life.

52 years ago, the accident at Metsamor NPP, which is referred to as the first
Chornobyl, was actually similar to the Fukushima scenario, occurred in the first years
after the launch of the first power unit, and the unit was never returned to operation, if
such an accident occurs at an obsolete power unit, it will lead to terrible radiation
consequences.

Predicting and preventing such an accident is a crucial task.

In order to protect RNPP Units 1 and 2 from such scenarios, it is necessary to
model and study events, including core behavior.

In order to prevent an accident at the initial stages of its occurrence, it is
necessary to know the algorithm of actions, which, if the accident did not occur in real
life, can be modeled virtually.

To create an algorithm, it is necessary to model the behavior of the core in
different states using transient physics.

PO3POBKA KPUTEPIiB TA PEKOMEHIALIN 111010 BUBOPY ILIOL,
HOTEHIIAHO MPUIATHUX JUIS1 POSMIIIEHHS MAJIMX
MOJAYJILHUX SIAEPHAX PEKTOPIB HA TEPUTOPII YKPATHH

Bepxoeuee Banenmun, /lemixoe IOpiit, 3abynonoe KOpiii, Tuwenko IOpii

JepxaBHa yctaHoBa «[HCTUTYT reoximii HABKOJIMIIHBOTO cepenoBuima HamioHansHOT

akazemii Hayk Ykpainm», M. KuiB, e-mail: igns@nas.gov.ua; y_demikhov(@ukr.net

Mani monmynbHi peaktopu (MMP) — HOBITHS TEXHOJOTIS, sSKa CTPIMKO
po3BuBaethes [1]. Tlpu BuOOpi TIiB Manmux MoayibHHX pekropiB (MMP) Ta oy
NPUAATHUX IS IX PO3MIIICHHS Ha TepuTopii Ykpainn Tpeba BUXOAWUTH 3 HACTYITHHX
KpHUTEpiiB: €KOHOMIUHAa OOIDYHTOBaHICTh, TEXHIYHA JOLIJBHICTH Ta T'EOEKOJOTi4HI
oOMexxeHHsI po3minieHHs MMP Ha KOHKPETHHUX IUIOIIAX.

Amnani3 iHhopmaii 3 BIIKPUTHX JKEPEJ], SIKa IOCTIHHO OHOBIIOETHCS, ITOKA3YE,
IO MEepeaoBl TEXHOJOTii NPUCKOPEHO PpO3BHBAIOTHCS Yy HampsiMi 3abe3neueHHs
MakcuManbHOI HeBpasnuBocti MMP Bin nii 30BHIIHIX (akTopiB, 30Kpema -
HE3aJIe)KHOCTI Bil HMOBIpHUX 3arpo3, OB’ I3aHUX 3 OCOOIUBOCTSIMH IPHPOTHIX YMOB
TEPUTOPiil MOTEHIIITHOTO PO3MIMICHHS 1X MpoMMaiinaHunkiB. TakuM YUHOM, CTa€ BCE
ORI OYEBHUAHMM, IO TIPH BHOOPI IUTOMI, MPUAATHHUX I po3MimenHs MMP, pors
Te0JI0T0-eKOJIOTIYHIX KPUTEPiiB 3HAYHO 3HIKEHa. BuOip Micip po3TantyBaHHSI HOBHX
€JIEKTPO- Ta TEIIOCHEPTOTCHEPYIOUNX MOTYKHOCTeH y minmomy i MMP — 30kpema, y
MHUpHUH dYac JOUUTBHO 3IIMCHIOBATH BUXOASAYM BHUKJIIYHO 3 €KOHOMIYHHUX Ta
TeXHIYHUX MipKYBaHBb i, B iepiy 4epry — e()eKTUBHOCTI 3a0e31eYeHHs TPOMUCIIOBHX
HIANPUEMCTB 1 KOMYHaIIBHOT chepu KpaiHu. Auie mij| 4ac BiifHH, Ta B 1epioJl IOBOEHHOT
BinOymOBM YKpalHu 1ie OUTbII BaXJIMBUM CTa€ rapaHTtis Oes3meku. [luTanHs
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EKOJIOTIYHMX PU3HKIB Ta BIUIMBY Ha JOBKULIA 3BOAATHCS O HOPMATHBHO-IIPABOBOTO
YHOPMYBaHHSI HOBOI JisUTGHOCTI (HOBOi He JuIie juist YKpaiHu, aje i y riao0aibHOMY
cenci). Ha namre rimmboke nepexoHaHHs, BITYM3HSHA HOPMOTBOPYICTB 1 IiH ramysi
NOBUHHA DPyXaTUCh y (hapBarepi NPOBIJHMUX KpaiH-JIAEPiB, TaKoX CIiJ CyMJIIHHO
BHUKOHyBaTH HactaHOBHU Ta pexoMeHaanii MAT'ATE i Hane)XHUM YHHOM BPaxOBYBaTH
TEXHIYHI YMOBH KOMITaHiii-BupooHuKiB MMP.

Od4eBHIHO, MO0 TEXHIKO-€KOHOMIUHE OOTPYHTYBaHHS BHOOpPY  Micus
po3tanryBanHss MMP fioro Tumy Ta MOTYXHOCTI, CIIOCOOY 1 TepMiHy BHKOPHCTaHHS,
YMOB eKCIUTyaTarlii Ta BHBEACHHS 3 EKCIDIyaTalii TOIIO, IMOBHHHI PO3TIISOATHCS i
MIPOXOANUTH BCi HEOOXiTHI eKCTIepTH3H Ta MepeadadeHi 3aKOHOJAaBCTBOM IMPOIEAYPH B
IHNBIAyadbHOMY HOPSAKY (IJ1s1 KOXKHOTO MOAYJISl 1 KOXKHOTO OKPEMOTO PeakTopa, siK
e pekomenaye MAT'ATE).

3a m'saTh pokiB B YKpaiHi Mae 3anpainioBaTH NEepIINil MaIUil aTOMHHI peakTop,
21 xsitHs 2023 p. yrogy npo criBpoOITHUITBO Y posropranHi (MMP) mianucanu
ykpaincekuii "Eneproarom” Ta amepukancbka Holtec International. I{s komnanis Oysia
miApsaHUKOM OyaiBHAOTBa LIeHTpai3oBaHOTO CXOBHINA BiANPAIlbOBAHOTO SACPHOTO
TIAJIABA, SIKE BBEJIM B €KCIUTyaTallito B kBiTHI 2022 poky. 3araiom, 3TiHO i3 yromIorw, B
Vkpaini mae 3'seutuca mo 20 peaktopiB SMR-160. Ix noryxwmicts y 160 MBT,
MPAMIOIOTh HA HU3BKO30araueHOMY YpaHi, i MalOTh MOXJIHMBOCTI IJIsI BUPOOHHUIITBA
TEXHOJIOTIYHOTO TeIUIa JUIs IIPOMHUCIIOBOTO 3aCTOCYBaHHS i BHPOOHHIITBA BOJIHIO.

BopHouac, Buxoas14n 3 HassBHOT iH(pOpMaIii KOMIaHii-BUPOOHHKIB Ta Ha OCHOBI
aHaJi3y peaqbHHUX COIlabHO-eKOHOMIYHHX MOTpe® YKpaiHM, MOKHA BHIUINTH Taki
OCHOBHI c1toco0u moTeHniiHOro po3MimieHHs MMP:

- Ha npomMaiigangnkax HuHI gifouux AEC HAEK «Eneproatomy;

- Ha npoMMaiijaHuukax 3pyiiHoBanux TELT;

- o063y abo B MeXax MICT 1 MiCHKUX arjioMepartii;

- Ha MPOMMAa/IaHYMKAX KPYMHHUX MPOMHUCIOBUX IiIIPUEMCTB — CIIOXXUBAYiB
3HaYHMX 0OCSTIB eNeKTpoeHeprii Ta/abo Terua;

- Ha TEPUTOPISX 3 TOCTYIIOM JI0 BOJHHX PECYpPCiB:

- Ha MpUOEpEeXHNX 30HAX aKBATOPiil MOPIB 1 BOJOCXOBHIII.

Ha npanmii yac He BW3HAYEHO, YW TMiJANagae PEryJIIOBaHHSA BIPOBAKCHHS,
BHKOPUCTaHHSA Ta po3MimeHHs MMP no Bukmognoi kommetennii HAEK
«EHeproarom», 4M 11i MOBHOBa)XCHHS MOXYTb OyTH HepeliaHi 1HIIMM IHCTaHILIsAM. 6
mororo 2023 poxy BepxoBna Pana npwuiinsiia B ninomy 3akononpoekT Ne 8067 «IIpo
kopnopatuzauito nepxnignpuemctsa HAEK «Eneproatom». LluM 3akoHOM yTBOpEHO
akuiioHepue tosapucrBa «HAEK «Eneproatom», 100 % akiiif sikoro HajexaTUMyTb
JIepIKaBi.

HouinbHicTs po3mimenis MMP Ha npommaiiiaHumkax Jil04ux B
Ykpaini AEC.

Buxopuctanas MMP posrismaetbess y IBOX acmekTax: 1) sK KOMIIEHCATop
nedinuty eHeproreHeparii Ta 2) sk 3amiHy eHeproOnokis mirounx AEC 3amicTs THX,
sIKi OyTyTh BUBOAMTHCS 3 EKCIUTyaTallil y HeAaJeKoMy MaOyTHboMy. To0TO, y 1IbOMy
BapianTi MMP 1uraHyeThCSl BHKOPHUCTOBYBATH SIK II€ OJHY CKJIQJIOBY iCHYI09O1 aTOMHOL
eHeproreHeparti.
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@axisiui HAEK BBaxaroTe BrpoBamkeHHS MMP  exkoHOMIYHO OBl
BUIIPaBJIaHUM IOPIBHAHO 3 OyJIIBHMITBOM HOBUX TpaJULIHHMX €HEpProOJIOKIB, KpiM
TOro He NoTpedye 3HAYHMX IOYATKOBUX KalliTAJIOBKJIAJIEHb 1 3HAYHO MPOCTIIIE B
opraHizauiifHOMy IUIaHi.

IlepeBaru po3mimenass MMP na nmpomMaiinanunkax girounx B Ykpaini AEC
OYEBHUIHI:

- TOTOBI TpPOMMaHAaHUYWKH Ta iH(PPACTPyKTypa, BKIIOYHO 31 CXOBHIIAMH
BiIIPaIlbOBaHOTO TIAJINBA,;

- Iito4i MaricTpaibHi JiHii exekropeHepronoctadanus (JIEIT);

- HasBHICTh KBaJIi(hiKOBAHOTO ITEPCOHATY;

- BIZICYTHICTb 200 HE3Ha4Hi PiBHI €KOJIOTTYHUX OOMEIKEHB.

BBaxaemo, 1110 Ba)XXJIMBI OpraHizaiiifHi NUTaHHS 3 peanizalil JaHOro HanpsMy
NOBUHHI 3HAXOJUTH BCEOIUHY MIATPUMKY BHUIMX JAEP)KABHUX OpPraHiB, y TOMY YUCII —
I110/10 HOPMATHBHO-TIPABOBOT'0 3a0€3IeYCHHS.

3a pe3ynbTaTaMu IEepeoliHku, Tpu eHeprodioku I[liBnenHoykpaincpkoi AEC
(ITYEK) mpamroBatumyTs 10 2025-2033 poxkiB. [1'aTh i3 mecTn peaktopiB 3amopizbKoi
AEC (3AEC) — nmo 2025-2037 pokiB, mepmmuii Ta apyruii 6moku PiBHeHCHKOI AEC
(PAEC) — 10 2030-2031 poky, a nepmmmuii 6;mox XmensHUIbK0i AEC (XAEC) — 10 2028
poky. Tpu eHeproOGJIOKH, IO 3aJIMIIMINCS, BBEIHM B EKCIUTyaTalilo Micisl TOTO, SIK
VYkpaina 3100yna HezanexHicte. Y 1995 poui — 3AEC-6, 2004 pori — XAEC-2 i
PAEC-4. Ixniit npoexTHui TepMiH eKCIITyaTalii 1Iie He 3aKiHIHBCS.

Sk 6aumMO y 3HA4YHOI KITBKOCTI €HEepProOJOKiB HAaOIMKAeThCSA 3aKiHUCHHS
TEpPMiHy eKCIUTyaTamii i JOLITbHUM BUTJIsAa€ OYyAIBHUIITBO Ha iX NMpoMMaiIaHYMKaxX
MMP Ha 3amiHy cTapux €HEeproOIOKiB.

Kabmin yxBanuB pimeHHs Mpo modaTok OyaiBHUITBA 2 eHeproodiokis AP1000
amepukaHchkoi kommanii Westinghouse na XAEC. Ilpo nie nosimomiisie «IHTepdaxc-
Ykpainay» 3 mocruianHsAM Ha ri1aBy Minenepro ['epmana ['anymenka. Tomy, MabyTh, HE
JIOLIBHO TYT po3mintyBatn MMP.

Sk Oaunmo Ha [liBneHHOykpaiHchkOi AEC yke WIBOro poKy 3aKiH4yeThCs
TepMiH ekciutyaranii ogHoro Omoxky. HAEK «Eneproatom» HeoqHOpa3oBo
BHUCJIOBJIIOBAB 3alliKaBJIeHICTh y po3MimeHHi MMP Ha npommaiinanuuky aitounx AEC,
30kpema — [liBneHHOyKpaiHcbkoi. ToMy Ha Hanry gyMKy, BuOip Malinanunka ITYEK ms
MUTIOTHOTO TIPOEKTy 3 po3MimeHHEss MMP e BmamuMm i IiJIKOM BHIIpaBIaHUM, y T.4.
3aBISKM HASBHOCTI Timpoakymymorounx moryxHocted Tammmmpkoi 'AEC, ski
3a20e3MeuyoTh BUCOKY MaHEBPEHICTh TPOIIECY EHEPrOBUPOOHHUIITBA.

Houinbuicte po3mimenans MMP Ha npoMmaiiiaHyukax 3pyiiHOBaHHX
TEL.

PyitryBannas 3HauHOi KimbkocTi TEL] B Hacmizok pocificekoi arpecii 3HA4HO
HOTipIIMIO eHepro3zabesneueHHs: kpainu. BinOynmoea nmx TELl Oyze morpeOyBaTtn
3HaYHUX BUTpPAaT KOWTIB Ta dYacy. MoxiuBicte posmimenHs MMP  nHa
npoMMaiinanunkax 3pyitnopanux TEL] B Ykpaini oueBuaHi:

- TOTOBI MPOMMaNIaHYMKH Ta IHPPACTPYKTYPa;

- niroui MaricTpalibHi JiHii enekropenepronocradanus (JIEID);

- HasiBHICTh JOCTATHHOT KIJIBKOCTI BOJH /151 OX0J0IKeHHS MMP;

- BITHOCHO HE3HAYHI PiBHI €KOJIOT1YHUX 0OMEKEHb;
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- 3aminn TEL Ha nuisixy mo nocsirHeHHs «ByrieneBoi HeWTpaIbHOCTI.

Po3mimienHs 3108k pidok miaBydynx MMP 103BONKTH IIBUIIIE Ta JNEHICBIIC
BiJTHOBUTH €HEPro3ade3neueHHsI HAaBKOJUIIIHIX TEPUTOPIi.

JlaHuit HampsM TakoXX IOTpPeOy€ BiJMOBIIHOIO HOPMATHBHO-IIPABOBOTO
YperyJIoBaHHS Ta yCYHEHHS 3aKOHOJIaBUMX TIEPEIIKOI.

HJouinbuicty po3mimenass MMP B micTax Ta mo0/u3y KpPymHHUX MiCbKHX
arjioMepauii s eQeKTHBHOTO 3a0e3MeYeHHsI KOMYHAIBHUX TOTPed y eJIeKTpo- Ta
TEIUIOCHEePTOIIOCTaYaHHI Y Iepiol HOBOEHHOTO BiTHOBICHHS YKpaiHH.

3abe3nedeHHsT KpaiHU EJEKTPOCHEPTIEI0 B HAJIEKHOMY 00CA31 € OTHHM 3
HalBAXXJIMBIMIMX 3aBlaHb, Ha TIIOYATKy MHPHOI BigOymOoBH YKpaiHH, HaHOUTBII
aKTyaJIbHUM 1L nipoOiieMa Oyzie CTOCyBaTUCs 3pYHHOBAHUX Ta YPaKEHHX arpecopoM
teputopiii. MMP HeBennkoi moTyXHOCTI OyAyThb CIPOMOXHI BHUPIIIUTH TOTPeOH B
enekTpoeHeprii Ta Terwt. Jlns NMpUCKOpPEHHs BUPIIICHHS ICHYIOUMX y JaHMH 4ac
MPaBOBUX MPOTAIMHM SIKI MOXYTh 3arajJlbMyBaTd Liei Mpolriec HeoOXiTHO NPUIHATTS
KabineTom MiHICTPIB BiIOBITHHX 3aKOHOJABYMX AKTIB, Ki O YITKO periaMeHTyBaJH
YMOBH BIIPOBAUKEHHS, pO3MimeHHs Ta BuUKopucTaHHs MMP. Ilponenypa moBnHHa
BKJIIOYaTH MICIIEBE IPOMaJIChKe 0OTOBOPEHHS TaHOTO MUTAHHS. B 1iioMy, po3MiIneHHs
MMP y wmicrax g 3aJ0BOJICHHS KOMYHaJbHHX 1 BHPOOHHYMX TOTpeO €
MEPCIIEKTUBHAM  HANpsIMOM  JISUTBHOCTI, SKHH 1OTpedye TIIeBHOTO MpPaBOBOTO
YHOPMYBaHHS.

OxpemMo CTOITh MUTAHHS BigHOBICHHS J[0HOAacy, OCKIJIBKHM 1€ — Ha/J3BHYANHHO
cepiio3Ha KOMIUIEKCHA mpobiema. Y 1boMY TUTaHI BUTIIAAE AOIUIBHUM BUKOPUCTAHHS
MMP nis noctynooi 3aminu ByrinbHuX TELL Ha mursixy no JlekapOoHi3anii eKOHOMIKH
Ta I0CSTHeHHA «ByrieneBoi HEUTpaIbHOCTI».

JouwinbHicte po3mimennss MMP Ha npomMMmaiifaHuymka icHyYHX Ta
BiTHOBJIIOBAHMX KPYNHHUX NPOMHUCIOBHX JA€P:KABHUX Ta NPUBATHUX MiNPUEMCTB
JUISL €JIEKTPOCHEPTETHYHOI Ta TEIUIOBOI T'eHepaIlii.

Jlesiki KpynHI KOMIIaHii, OTOJIOCHIN NPO CBOIO 3alliKaBJICHICTh Y BIPOBAIKEHHI
MMP y BupoOHUYI IIpOLIECH 11Ie IO TOYaTKy aKTUBHOI pa3u BitHH. OUeBUIHO, KPYTTHHH
0i3Hec moOpe po3yMie epeBary i BUTOIH ITi€1 TEXHOJIOTI1, IKa CIIPOMOJKHA 3a0€3IICYUTH
(aKTH4YHYy EHEpPrOHE3AIC)KHICTh BEJIIMKUX IiIIPUEMCTB-€HEProcnoxusadiB. Tak
Eneprernunmii  xonmuar JTEK posrispae BUKOpPHCTaHHS TEXHOJOTI  Manmx
MoayipbHHX peaktopiB (MMP) sk cTpareriunuii HampsMOK pPO3BHUTKY KOMIIaHil.
KomriaHist peTenbHO nochimkye TexHoyoriro MMP i cTBoproe po6odi rpyIiy 3 BUBYCHHS
miei Texaonorii. JITEK mpoBoauTh meperoBopu 3 KIOYOBUMH po3podHKamMu MMP,
30kpeMa «Holtec International». 3okpema, rerepanpauii nupektop JTEK Makcum
TiMueHKO BKa3aB, IO I TEXHOJIOTISI MOJKE BHKOPHUCTOBYBATHCH SIK HACTYIHHII eTam
PO3BUTKY MIPUBATHOTO €HEPTOXONIHHTY.

MMP MoxyTh OyTH e(eKTHBHI B Tamy3sx, sIKi MOTpeOYIOTh 3HAYHHX BUTPAT
€JICKTPOSHEPTil YK/Ta Teruia: MeTayprii, XiMi4Hill IPOMHUCIOBOCTI, a00, HANPHKJIa, Ha
YCTaHOBKaX 3 ONPICHEHHSI MOPCHKOI BOIH.

Y mnwuranHi BukopuctaHHs MMP o06ciayroByBaHHS TOTpeO HPOMHUCIOBUX
MAPUEMCTB iHILIATHBA HAJIEXUTh AEP)KABHOMY YM NPHBAaTHOMY iHBecTopy. Poib
JIepKaBH, TAKUM YMHOM, IOBUHHA 3HAXOMTHCH Y TUIOIIMHI HOPMYBAHHSI Ta IPABOBOTO
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peryJroBaHHsl, sike MOXke OyTH 3abe3neyeHe NOAIOHMM YHMHOM, SK JUISi KOMYHAJIbHHX
HiATPUEMCTB.

JocTyn 10 BoaHuX pecypcis.

HactynmHuii YMHHHMK - JOCTYN 1O BOJHHMX PECYpCiB Ta 3py4HE pPO3MillleHHS,
MOpYY EJIEKTPUYHUX MepeX. BUKOPHUCTaHHS BOJM € I OJHIEI0 MPOOIEMOro, sKa, 5K
OYIKY€ETHCS, TUTBKH MOCHINTHCS B MaiiOyTHROMY. ATOMHI CTaHIii MalOTh Ay’Ke BHCOKI
BHMOTH 10 3200py BOIU. 3 i€l MO3UIIT HAWOUTBIN MiIX0AATh palioHn B3IOBX JlHimpa,
Huictpa, byra, lecan, I[Icna, CiBepcrkoro J[oHIS Ta IX IPUTOK; a TAKOXK Ha y30epesoKi
MopiB. BaxkimBo, 1o, 3rigHo maHux po3pooHukiB MMP motpeOyroTh 3HaYHO MEHIIe
BOJIM TIPH €KCIDTyaTallii, ToMy BUOip MalTaHIMKIB JJIs1 HUX 3HAYHO OTMPIIAHN TOPIBHIHO
3 AEC ta ATEILI. Tum He MeHII - oiuH peakTop notyxHicTio 300 MBrT, 1o npairoe Ha
90-BiICOTKOBOMY KOC(IIIEHTI MOTYKHOCTI, 11101Hs 3abupae Big 605 no 1476 minbiioHiB
JITpiB BOAM, HarpiBalouM ii mepel CKUAAHHAM. 3MEHIICHHS NOTpeOu y Boai 3a
JIOTIOMOTOI0 TIOBITPSTHOTO OXOJIOJDKEHHST BHMarae OyJIBHUITBAa BEXi W BEJIHMKHX
CJIEKTPUYHHUX BEHTWJISATOPIB, WO e OUIbLIC MiJBHIIUTH BapTICTh OyIiBHHITBA Ta
3MEHIINTH BUPOOHHUIITBO EJIEKTPOEHEPTii 10 7 % MoTyKHOCTI peakTopa [2].

Tpeba BiamituTH, mo B Paggacekomy Coro3i IIaHyBaloch, ad0 HaBiTH OYIO
posnouate O6yaiBHUITBO Yepkachkoi AEC, XapkiBcbkoi ATEL, Oumecekoi ATEL] Ta
Kpumcpkoi AEC. To6To OymiBHHIITBO B ITUX perioHax OyJIo JOCTaTHHO OOTPYHTOBAHO.
I sxmo, EneproaTom mianye o6yaiBaunTBO 1BoX AEC, onHa 3 sikux Oy/e 3HaXOTUTHCH
B OKpy3i Unurupuna, y cemui Op0iTa, qpyra, MOXKIHBO, B [BaHO-DpaHKiBCHKiit 001aCTi.
To mna posmimenas MMP MalyTh AOIIIBHO PO3IJISIHYTH IUIOUIL SK MOTEHINAJIBHI
Madganunkn y Opneckkiii oOnacti Ha Oepesi bapaboiichkoro BOJOCXOBHINA, Y
XapkiBChKilt — y Mixpivui pigok Jxryn i Mxa, Ta B Kpumy Ha 6epesi mopst (Ommc
He3aBepmieHnx AEC Tta ATEILl mue. Jomatox 1). Takox mNepcneKTHBHUMU
Maiinanunkamu 111 MMP  moxyTte Oyt y30epexoks wmopiB 'y Op;echbkii,
MuxonaiBchKil, 3amopi3bkiil Ta JloHenbKiit o6macTsx.

Xou MMP, sk Bip3Havanoch BHIIE, MOTPEOYIOTH 3HAYHO MEHIIE BOIHUX
pecypciB mpH eKcIutyaralii, ane 30BCiM 0€3 BOJOM EKCIUIyaTyBaTUCh HE MOXYTb. Y
3aximHux oOmactsx TepHominbebka, YepHiBernpka, 3akaprarchbka 3 HE3HAYHUMH
piBHSIMHU eHepro3zade3nedeHHs (IuB. HIDKYe) Oyno O monimbHMM po3mimenHs MMP.
Kabiner wminicTpiB Ykpainu posnopsypkeHHsIM Ne552-p Big 13.07.2016 cxBamus
OyIiBHHIITBO KacKaIy BEPXHbOAHICTPOBCHKUX TiIPOEIEKTPOCTAHIIIN, AJle CyIn Pi3HIX
iHCTaHIIil 3a00pOHMIN OYIIBHUITBO IMX TiIpOeNeKTpocTaHIii. 3okpemMa, 17 ciuns
2023 poxy 3akapmaTChKWil OKPYXKHHH aAMiHICTPaTHBHHHA CyJ BiZIMOBHB Y TO30Bi
TOBApHUCTBaAM, SIKi XOUyTh 30y IyBaTH KacKajJ MaJliX TiapoenekrpocTtanniii. Kpim Toro,
OynisanuTB0 MMP B IpHUKOPIOHHUX OONACTSIX MOTPeOye Y3TOKEHHS 3 CYCITHIMH
kpairamu. Tomy, po3mimenas MMP B 1poMy perioHi HaHOMIDKYMM YacoM
MaJIOWMOBIpHE 1 TOTpeOy€ BiINOBIAHUX 3aKOHOJABYHX PILICHB.

JouinbHicTe po3mimenss MMP B npuepe:kHHX akBaTOpPifiX MOpiB Ta
BO0CXOBHII JIHINPOBCHKOTO KacKamy.

Texuomnorii MMP po3BuBatoThcst pisHOOiuHO. OJUH 3 HANPSMIB, SIKMH MOXKHA
BBa)XKaTH HANOLIBII MEPCHEKTUBHUM 3 TOUKHU 30py O€3MEKH 1 IPOCTOTH ONEPaTHBHOIO
YIpaBJiHHS € TOH, L0 BKJIIOYAE HE JIMIIE CepiiiHe BUPOOHUITBO MAIUX PEAKTOPIiB Y
3aBOJICBKHX YMOBAX, ajie i 3aBaHTAXCHHA IaJMBa, IIyCKO-HAJIAroIKyBalbHi poOoTH i
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3allyCK peakTopa Ha BHPOOHMYMX MOTYXXHOCTSX KOMIaHii-po3poOHuka. Ilicis
3aBepLIEHHs IUIAHOBOTO TEPMIHY €KCIUTyaTalii TaKUi peakTop MOBEPTAETHCS Ha 3aBOJ
Jle BUBOAMTHCA 3 eKcIutyartamii 1 3ynuHserbes. [licist mpodinakTHKu peakTop Moxe
OyTH TOBTOPHO 3aBaHTAKCHWH MaJMBOM 1 MOBEPHYTHH BIIACHUKY ISl MOJAJIBIION
excruryararii. [To cyTi QyHKIIl BlacHWKa peakTopa - eKCIUTyaTylodoi opraHizarii -
3BOMATHCS O JOTPUMAHHS IPaBUiI OE3MEKH Ta eKCIUTyaTallifHNX peTIaMEeHTIB HaJaHUX
BHPOOHHUKOM.

Hemomikom  Takoi  BHpPOOHHYO-eKCIUTyaTaIlifHOI cxeMH €  Ipobiema
TPAHCIIOPTYBAaHHS pEakTopa BiJ 3aBOAY 1O MiCIs ekciuryaTtamii. Ha maxmit wac
3aIpONOHOBAHE JIMIIIE OJHE BUPIMICHHS Mi€l mpobiemu — po3Mmimenas MMP Ha cyani
— T.3B. «s1epHui Kopabenby (nuclear ship). Cynxo 3 MMP npuBoauThes B pyX 210 Micust
NpU3HAYeHHs eHeprieto, 1Ky BupoOisie peaktop. MAI'ATE no3uTHBHO OLIIHIOE TaKuii
BapiaHT HMoBipHOI excyaranii MMP. Takuit peaktop He MOXe OyTH IeMOHTOBaHHHA
3 CyJHa 710 0ro 3yMUHKH, TOMY MOYKJIMBHI JIUIIC OJUH BapiaHT HOro eKcIuiyaTaiii — B
Mexax IMpHOepeKHOT akBaTOPii MOOIM3Y MICIsl CIOXKUBAHHS TeHEPOBaHOI eHeprii.

Ha mamy mymky, Takuii BapianT po3mimeHHs MMP moxe posrismaTtucs sk
MIPIOPUTETHHUI HA TIEPIIOMY €Talli TOBOEHHOTO BiTHOBJIEHHS KPaiHM OCKUIBKH J03BOJISIE
IIBUJIKO 1 HaAIHHO 3a0e3leuyBaTd MOTpeOH B CHEPropecypcax MiCT i MPOMECIOBOCTI
B3110BK OeperiB YopHOTO i A30BCEKOTO MOpIB Ta Ha BOIOCXOBHIIAX J{HIIPOBCHKOTO
Kackaxy. B mpuHIMII, €HepromnocTayajibHOI0 CHUCTEMOI0 YKpaiHM eIeKTPOCHEepris
MOX€E MOAABATHCS B €IMHY CHEPTOCHCTEMY JEpKaBH.

Busenennsa 3 smagy KaxoBcekoi Ta [IHimposcbkoi 'EC 3HayHO moripuimio
eHepro3abe3rneyeHHs MiBICHHUX Ta LEHTpalbHUX paiioHiB. Binbynosa mux I'EC Oyzne
moTpeOyBaTH 3HAYHUX BUTpAT KOWITIB Ta yacy. Po3mimenHs 3108x JHinpa miaByqux
MMP 1103BOJINTH IIBU/ILIE TA JCIIEBILE BiJTHOBUTH €HEPro3ade3neyeHHs HAaBKOJIHIIIHIX
TepUTOpiil.

Jamnit HampsM TakoX moTpedye BiAMOBIAHOTO HOPMATHBHO-IIPABOBOTO
YpEryJIloBaHHS Ta YCYHEHHs 3aKOHOJIaBUMX IIEPEIIKOI.

Po3po0dky HeoOXiZHMX NMPABOBUX AKTIB CJIil HOYMHATH HEBiIKJIAIHO.

ExoHomiuHy 0OIDYHTOBaHiCTh Ta AOHUIbHiCTH po3MmimenHs MMP nHa
KOHKPEeTHHX ILIOIIaX. MOYHEMO 3 PO3[IAly eHeprozadesledyeHHsl perioHiB
Ykpainu. Sk BuAHO 3 pHC., Ha SKOMY IIPUBEJCHA Mara eJeKTPOreHepyIunX
MiIIpUEMCTB YKpaiHu MoTyxHicTio moHan 50 MBT B AoBoeHHuMi 4ac, B YkpaiHi
icHyBasa 3Ha4YHa HEPIBHOMIpPHICTh BUIB FeHEPYIOUH MOTYKHOCTEH, sIKa 3apa3 TUTBKH
MOCHITHIIACK.

Haiibinpma pisHOMaHITHICTD THIIIB €HEPrOTeHEPYIOUNX MOTYKHOCTEH Ta 1o0pe
€Hepro3ade3neyeH sl CIOCTEePIraeThcs B IEHTPAIbHUX 00JacTsaX. B Toit ke yac B
CXIMHMX Ta 3aXifHUX O0OJACTAX CIIOCTEPITa€TbCS CYTTEBE  IPEBATIOBAHHS
TEIUIOTEHEPYIOYHUX CTAaHIIH. A B MIBACHHUX 3HaYHA KUIBKICTb COHSYHMX Ta BITPOBHX
enekTpocTaHiiil. HaliMeHIa 3a0e3Me4YeHICTh E€HEeproreHepyYHMH MOTYXHOCTSIMH
CIIOCTEPIraeThCsl B MIBHIYHUX 001aCTSX.
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Puc. Mana enekTporeHepyo4nx HiNpUEMCTB YKpaiHu NOTYXHicTio Tonany 50 MBt
(Marepian 3 Bikineii — BibHOI HITUKIIOIE/TI1. )

l ATtoMHa enekTpuuHa cTaHlis (AEC), aToMHa TenjioBa eJIeKTpUYHA
nenTpaib (ATEILL)
Temnosa enexrpuyna ctanmis (TEC), Termosa enexkrpuyna nentpans (TELL)
INnppasniuna enextpuana ctanmis (I'EC), rizpoakymyiroroda eleKTpuIHa
cranuig (I'AEC)
Bitposa enextpuuna cranuis (BEC)
Constuna enekrpuuna cranuis (CEC)

OnHUM 13 HAWBKIMBININX IOKA3HUKIB, 32 SKAM OIIHIOETHCS CHEPreTHYHA
e(eKTUBHICTh HALIOHAJILHOT EKOHOMIKH Ta ii KOHKYPEHTOCHPOMOKHICTh 3 TOUKH 30pY
€HEpProBUKOPHCTAHHS, € EHEPrOEMHICTh BAJIOBOTO BHYTpiIIHBOTO npoxaykry (BBII), a
JUISL PETIOHY — BaJIOBOTO PEriOHAIBHOTO MPOAYKTY

EneproeekTHBHICTE EKOHOMIKH XapaKTepU3y€ 3aJCKHICTh MK pe3ylIbTaTaMu
IISUTBHOCTI Ta KUIBKICTIO CIIOKUTHX CHEPreTHYHHX pecypciB. 3rigao [3,4,5]
MIPOTIOHY€ETHCS BBEACHHS MEBHOI KiIachQikallii perioHiB 3a MOKa3HHKAMH ITHTOMOTO
€HEeproCIOXMBaHHA Ta eHeproedekTUBHOCTI. Tak, SKIMO yci perioHn Yxpainu
BU3HAYUTH 33 TPhOMAa OCHOBHUMHM IIOKa3HMKaMH (3arajibHe €Hepro3ade3leueHHs;
eHeproe(eKTUBHICTh; perioHanbHUii BBII,) TO MOXHa YMOBHO BHIUIMTH YOTHPU
HaWOUIbI XapaKTepHI IPYNU pETioHIB, a caMe (MiAKPECIMMO, IO L€ CTOCYEThCS
JIOBOEHHUX JaHUX):

nepiia rpymna — perioHu 3 CyTTEBUMHU PIBHAMH 3arajlbHOTO eHepro3ade3neyeHHs,
JIOCTaTHBO HU3BKUMH PIBHAMHU eHeproeekTuBHOCTI (HimpormeTpoBchka, [JoHeIbKa,
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3amopi3bka Ta IBaHO-PpaHKiBChKa 00nacTi, Ha AaHUK Yac, MabyTh Tpebda BHKIIOUNTH
JloHenpKy 001acTh);

JIpyra rpyrna — perioHd 3 J0CTaTHbO HU3bKMMHM PIBHSMH eHeprozabe3nedeHHs Ta
eHeproeeKTUBHICTIO ONM3BKOI0 JI0 CepeHbO yKpaiHchkoro piBHs (BinHuIpbKa,
3akapnarceka, KipoBorpaaceka, Kwuischka, JIbBiBchbka, Mukomnaicbka, I[lonTaBchbka,
PiBaencrka, Cymchka, XapkiBchka, XMeTbHHUIBKA, Uepkacbka Ta UepHiriBcbka 001acTi);

TpeTs Tpylla — pETioHH 3 HEe3HAYHNMH pIBHAMH CHepro3abe3ledeHHs aie
JIOCTaTHBO BUCOKHMH pIiBHAMH eHeproedekTuBHOCTI (BommHcpka, JXurommpcpka,
Opeceka, TepHOnibChKa Ta UepHiBeIlbka 00JIacTi);

YeTBepTa Trpyma — perioHn 3 Hu3bkuM perioHamsHuM BBII (BommHChKa,
3akapnaTchbka, Jlyranceka, PiBHeHChKa, XepcoHcbka Ta YepHiBelbka 001acTi).

Takum uyuHOM BHUXOISYM 3 Kiacudikamii perioHiB IO  3araJbHOMY
eHepro3abe3nevyeHHIo Ta eHeproeekTuBHIcTIO Ha 2018 p. [4], mouijabHO mepeadaYnTH
po3mimienuss MMP B Tperiii rpymi — perioHM 3 HE3HAYHUMH PIBHAMH I[THUTOMOTIO
€HEProCIIOKMBAHHS ~aJie  JIOCTaTHO BUCOKUMH DIBHSAMH  €HEeproe(eKkTHBHOCTI
(Onecwvka, YepniBeupka, BommHcbka, TepHominbcbka Ta JKuromupcebka o0iacTi).
BiiicekoBa arpecist pocii BHecna CBOI JKaxXJHBI KOPEKTMBH. 3HAa4HAa KiIBKICTh
€JICKTPOCTAHIIIH 3a3Hala MOIIKO/DKEHHS Ta, HaBiTh, pyHHYBaHHS, OCOOIMBO B CX1THUX
obmactsax. Tomy, mo mepemiky Tpeba nomatu XepcoHCBbKY, JloHenbKy, JIyraHceky,
CyMcbKy, XapkiBcbKy o0OmacTi, i 3BH4aiiHO Kpum, B SKOMY CIIOCTEpIraeThCs TPH
npoOJreMu: pocilichbKa OKyIMallisi, HU3bKE BOJIO- Ta €Hepro3ade3nedeHHs.

[Ilo crocyeTbest HAsIBHOCTI TPYIOBUX PECypciB, TO Iuisi oOciyroByBanHs MMP
noctatabo 300 oci6. Tomy, e, HaBpsi yu Oyae mpodsIeMor0. A och 3ammyck B Air0 MMP
0e3yMOBHO NpH3BEJE [0 IOSBH HOBUX POOOYMX MICIb Ta HOBUX MOMIIMBOCTEH UIst
mroieit Ta paiioHy. Buxojsuu 3 uporo, HalOUIbII AOLUILHUM € po3minieHHss MMP y
yerBepTi rpymi (BonuHcbka, 3akapnartceka, Jlyranceka, PiBHEHChbka, XepCOHChKa Ta
UYepHiBelbka 06Jacri).

Oxpemo posristaeMo KuiBcbKy 0051acTh, sika BXOAMUTB JI0 JPYTOi rpyIia — perioHn
3 IOCTaTHRO HU3bKMMH PIBHAMH €HEPro3ade3rneyeHHs.

HAEK «Eneproatom» po3risiiace MOXIIHBICTh PO3MIIICHHS MalJaHYUKIB YIS
MMP no6nusy CnaByruda. [Ipesunent Eneproaroma Ierpo Korin BBaxae: «CnaByTny
— MICTO aTOMHUKIB, iHppacTpykTypa Micta i HOpHOOMIBCEKOI 30HU BiAUYKCHHS, IO
MOpy4, JA0Th MOXJIMBICTH JUIS 3BEIEHHS Ta po30yIOBH HOBHUX AaTOMHHX 00’ €KTiB
HermoJalik MicTa. ... 30KpeMa i pO3IJIsIalouu MEpCIeKTHBY PO3MILIEHHS MOOJIN3Y
CrnaByTnya MaWJaHUMKIB JUIS MalMX MOJYJbHUX PEaKTOPiB». 3a3HAYAETHCS, IO
CnaByTH4 TOTOBMI /10 HOBHX SJIEPHUX HPOEKTIB, 30KpeMa SK MaiJaH4YuK JUIsd
CTBOPEHHSI HABYAJILHOTO Xa0y 3 MiITOTOBKH KaJIPiB JUIsSl aTOMHOT €HEPreTHKHU Ta LEHTPY
MiABUIICHHS KBaTi(ikalii [6].

Jlep>kaBHe areHTCTBO Y KpaiHu 3 ynpaBiiHHs 30H00 BimayxeHHs (JJA3B) HAEC
po3pobmII0 cTpaTeris po3BUTKY 30HM BimuykeHHs UAEC na 2021-2030 pokwu, sxa
nepenbayvae 1 BAKOPUCTaHHSA K NOJIroHy 1t OyaiBHIITBAa MMP [7].

Ha croromni B CBIiTI BiACYTHsA BiAmpaboBaHa Ha MPAKTHII TEXHOJOTiS
OyAiBHHIITBA MOIYJTHHHUX PEAKTOPiB. [CHYIOTh pO3pOOKH IPUBATHUX aMEPHUKAHCHKHIX Ta
KOPEHChKMX KOMIIaHiH, SKi 3HAXONAThCA B TPOEKTHIN cTamii. 'Hydkuii KOHTpOIB
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0a30BOro HaBaHTAXXEHHS B CHEPrOMEpeXi 3HAYHO PO3LIMPIOE cepy 3acTOCYBaHHS
peakropa i J03BOJIsiE BAKOPUCTOBYBATH HOTO JUIS IIOCTA4aHHS €JIEKTPUKOIO SIK BEJTMKUX
MICBKUX paiOHIB, TaK 1 HEBEIUKUX IOCEJICHb Ha BiJIaJicHUX Tepuropisx. Y 3B
MOJIyJIbHI peakTopi MOXyTh OyTH po3mimieHi Ha maiinaHuuky YAEC. Bukopucranss
icaytouoi iHppacTpykryprn YAEC 103BOJIMTE CKOPOTHTH TEPMIHHM pealizallii IpoeKTy
Ta 3MCHIIUTH HOTO BapTICTh. 3a OCHOBY Ui peanmizamii Moxke OyTH BHKOPHCTaHHHA
BOJIHO-BOISHUM SACPHUN pEakTOp 3 IHTETPalbHOI0 KOMITOHOBKOIO OOJagHAHHSA
NuScale, 50 MBt. Peakrop NuScale crpoekToBaHHiA 32 MOIYJIBHOIO CXEMOIO, IO
no3Bossie o0'emayBati 10 12 momyniB NuScale Power motyxsictio 50 MBT B enuny
cucremy (mo 600 MBT). 'Hyuknii KOHTPOJb IO3BOJUTH KOMOIHYBaTH peakTop 3
IHIIUMU eHepreTUYHUMHU o00'ektaMu B 3B (K ICHYyIOUMMH, Tak 1 IIOTEHIIHHO
moxaBumE). Y 2017 poui kommnanist NuScale mepiia 3 po3poOHHKIB PeakTOPHUX
pillleHb MoJiaNia 3asiBKy Ha cepTH]IKaIlifo mpoekTy peakTopa B Komicito 3 spepHOro
perymoBanns CIIIA (NRC), sika Bxxe B 2018 porri 3aBepIinia nepiuii eTar OriHKH i€l
3asBku. Kommanis NuScale miaHye nmovaTy IpOMHCIOBY €KCIUIyarTalilo peakTopa B
2026 poui B wtati Aiinaxo, CLIA.

CeiicMiyHa aKTUBHICTH TepUTOPIi.

B Vkpaini 6araTo ceficMigHO aKTHBHUX TEPHUTOPIH, IO CTPUMYE PO3BHTOK B HUX
SAIEPHOI CHePTeTHKH. SIK yKe BHIIE BiAMIYalloCh, IIIe OJHIEI0 MOTEHIIITHOIO IIepeBaroko
MMP € MOXITUBICTh BUTPUMYBATH OLTIBII BUCOKI CEHCMIYHI HABAaHTAXKCHHSI.

Bechk pO3BHTOK cydacHOi E€KOHOMIKH TIOKa3ye HEOOXiTHICTh BiIMOBH BiJ
MOHOIIOJII3MY OJHOTO BHPOOHHKA. TOMY pPEKOMEHIYEMO BHKOPHUCTAaHHS HACTYITHHX
6soxie MMP.

B ceiicmiuno aktuBHUX oOnactax 0soku MMP NuScale Power (CILA), siki 3a
PaxyHOK pI3HHMX IH)KEHEPHUX pillleHb CHPOEKTOBaHI Tak, 00 OyTH CTIHKUMH 10
ceificMiyHOT aKTUBHOCTI. JIOCHITHHKM TOTO/DKYIOTbCS 3 TuM, o MMP 3HayHO
3HWXKYIOTh 3arpo3y sJiepHoi KaracTpodu HpH 3emierpycax. IlinzeMHa 3axucHa
000I0HKa, fKa BUKOpUCTOBYBaTUMeThes aiusi MMP, edexruBHime 3axwmimae ix Bix
CTUXIMHHUX JHX. 30KpeMa MOKHA TMOCIATHCS Ha JOCUTHh NPHUCKITUIMBE TOCIIHKCHHS
CEHCMIYHOT OI[IHKM MaJInX MOAYJIBbHHX peakTopiB NuScale Power mis semietpycy
MarHiTyzoto 8,8 mposenene y Umimi. 3TigHO SKOTO OYJO MOKa3aHO, IO KOHCTPYKIIiS
3maTHa 0Oe3 MpoOJjeM BUTPUMYBATH INPHUKIAACHI CeiicMiuHI HaBaHTa)KEHHS, 3aBISKH
KOHCTPYKIIi Ta mia3eMHOMY po3TtamryBanHio MMP Ha rimbunu 25 M [8].

Tabnuys. Pexomenpanii no Bukopucranas MMP Ha tepuropii Ykpainu.

ObacTi I'pyna Pexomennosani MMP
1 2 3

JlHinponeTpoBchKa, 1. Perionn 3 cyrreBumu | SMR-160 abo
Jloneupka, 3anopiszbka, | piBHAMH 3aranbpHOro | Westinghouse SMR y
IBano-®pankiBchbKa, eHeprosadesneyeHHs, 3anopi3bkii  00y1. Ha
JIyranceka JIOCTaTHBO Huspkumu | AEC.

piBHAMHU

E€HEeProePeKTUBHOCTI
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3axinuenns maon.

1 2 3
Binnuipka, 2. Perionn 3 npoctatHbo | SMR-160 abo
3akapnarchka, HU3BKUMU piBusimu | Westinghouse SMR 'y
KipoBorpanceka, eHepro3ade3nedyeHHs  Ta | MUKOJAiBChKiH,
Kwuiscrka, JIbBiBCHKa, | eHeproeeKTUBHICTIO PiBHEHCBKIHT Ta
MuxkoaiBcbKa, ONM3BKOI0O JI0 CEPEeNHBO | XMENbHHIBKIHM 00J1. Ha
[TonTaBchka, PiBHEHCEKA, | YKpalHCHKOTO piBHS AEC ta ATEII.
CymMmchpka,  XapKiBChbKa,

XMeIpHHUIIBKA,
Yepkacbka, YepHiriBcbka
BosmHcbka, 3. Perionu 3 He3naunumu | SMR-160
XKuromupcrka, Onecbka, | piBHIMH
TepHOMIBbCHKA, EHEepro3ade3rneucHHs — aje
YepHiBenbka JIOCTaTHBO BUCOKHMH

PIBHSAMH

E€HeproeheKTUBHOCTI
Bonunceka, 4. Perionn 3 Hu3pKkuM | SMR-160
3akaprarchka, perionansanM BBIT
PiBHeHCEHKA,
XepcoHChKa,
YepHiBenbKka
3akaprarchka, IBano- | 5. Perionu ceticmoaktuBHi | MMP NuScale Power
®pankiBcpka, Opnechbka, (CIIA)
Kpum

3arpo3a TepopuaMy 30epiraerscsi, a siepHi PeakTOPH MOXYTb CTaTH METOIO
Hamanay. Ilig3emMHe pos3ranlyBaHHS Ta TOBCTa OETOHHA IUIMTA, 10 MOKpuBae MMP
NuScale Power, nmoBuHHI cTatd 3aXuUCTOM BiX ynapiB OoM0 abo aBiakatacTtpod.
JlonaiiTe 10 1IbOTO BJIACTUBOCTI aHTUCEHCMIYHOI KOHCTPYKIII, SIKa 3/1aTHA MOTJIMHATH
yAapHi HaBaHTaXXEHHS, TO 3arpo3a I1e O1TbIIIe 3MEHIITY€ThCS.

Tomy amst ceiCMigYHO aKTUBHUX PETiOHIB YKpaiHW MOXHAa PEKOMEHIYBATH IS
Bukopuctanast MMP NuScale Power.

B MMP NuScale Power BUKOPHCTOBYETBCS MaJTHMBO HU3BKO 30araueHOTo ypaHy
(36arauernM MeHIIe 5%) 3 24-MiCSITHIM ITUKJIOM 3alIpaBKH MaJHBOM, [8].

[Tpu 6yniBanTei MMP Ha miomankax AEC ta ATEILI, oCKiIbKY peaKkTOpH IHX
cTaHIii B VYKpaiHi BUKOPHCTOBYIOTh HanuBo Kommanii Westinghouse, MosxHa
PEKOMEHyBaT BUKOPUCTAHHS POEKTY JIErKOBOJIHOTO MAJIOTO MOJYJIFHOTO peakropa
3 IHTErpajIbHUM KOMIIOHYBaHH:IM KomItanii Westinghouse SMR.

3a naHuMHM pO3pOOHMKA, JUIsl JOCSATHEHHS HAaWBUIOIO piBHA Oe3leKku B
ycranosui Westinghouse SMR BukopucTaHi cucteMy TacMBHOT O€31IEKH Ta nepeBipeHi
KOMITOHEHTH, 5IKi pealti3oBaHi B KOHCTpYKLii peaktopa AP1000. [To cyti Westinghouse
SMR € 3MEHIIIEHOIO0 KOTIE0 CBOTO «CTApIIOro OpaTay, IO HaJae AesAKi MepeBard y
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JiIEH3YBaHHI IbOMY HPOEKTY Ha BiAMiHy Bia KoHKypeHTiB. Tun namusa H3YVY, 3i
36arauennsm UO; meHme 5%.

Ha inmmx tepuropisix Yxpainnm MoxkHa BukopucroByBatn SMR-160. Lleii
peakrop 3abe3neuye Oe3neyHy eKCIUTyaTalilo, B T.4. HA MalJaH4YMKaX 3 OOMEKEHUM
BOJIONIOCTAYaHHsIM 1 3 OOMEXEHHUMH po3MipaMu Tepuropii, TpHuBamicTh NaJMBHOTO
mukIy go 24 wmicsuiB. B peakTtopi BukopuctoByetbess H3Y. OnHiero i3 mepeBar y
KOMIIaHii BBayKatoTh piBeHb Oesnekn « Walk way safe» — 1ie o3nauae, mo B pasi aBapii,
sIKa BUHUKJIA 3 Oyab-IKUX MPUYHUH (B TOMY YHCJHi, BHACIIIOK TUBEpCii abo TepakTy)
peaKTop 3ariaylIuThes 1 mepeiie B Oe3nedHnii ctaH 0e3 BTpY4YaHHs JIIOAUHHU. 3TiaHO i3
MIPOEKTOM, PO3MIIIIEHHSI peaKkTopa IiI3eMHe, Ha To3Had1li 14 MeTpiB. Takox, mo mayxe
Ba)KJIMBO, HIDKYE PIBHS 3eMJIi PO3TaLIOBYETHCS cyxe cxoBuiue BSII 3 tepminoM ciryx6n
1o 120 pokis.

[Ilo crocyerhcst MIBHIYHMX Ta CXIMHUX 00OJacTell yepes 3arpo3y MO>KIMBOTO
Harajy pocii Ta 6iopycii, To 6e3neune posmimennss MMP B HUX MO>KIJIMBO JIMIIIE MiCIIst
nepemoru Ykpainu, 1a i Bcrymy 1o HATO.

BanancyBanHs resepauii i cnosxuBanns enexktpoeneprii AEC.

Ha »aJe MOXITUBICTh MaHEeBpyBaHHsM NoTy>kHicTIO AEC, B Tomy uncii i MMP
nyxe oomexxeHa. Tomy MMP He 101TOMOKYTh Yy JTIKBiZaIlii KOJUBaHb TOOOBUX MIKOBUX
HaBaHTakeHb. JIJisg JTiKBijmaIii KOJMBAaHBb OiNBII JOBTOTPUBAJIMX HABaHTAKCHb
(HampukIaz 3a paxyHOK MOrogHuX yMoB) MMP 6inbin npuaatHi. Ane B Oyab koMY
pasi BukopuctanHs MMP 6akaHo nepen0oadnTi Oy IiBHHIITBO CHCTEM €JIEKTPOCTAHIIIH,
1110 aKyMYJIIOIOTb €JIEKTPOEHEPTiIO.

Cucrema MMP 3arajbpHOI0 TOTYXXHICTIO OJNM3BKOIO 10 IOTYXKHOCTI OJHOTO
6noka AEC 6inbi1 MaHeBpeHa B OajaHCYBaHHI €IEKTPOCHEPTi€lo MPU NPOQIIaKTHYHUX
po0oTax, Ta repe3aBaHTaXEHHI NAJIMBa, OCKUILKH HEe MOTpeOye 0JJHOYACHOTO BHBOJY 3
ekcruryarauii ycix MMP.

BucHoBku.

TIpu BUOOpi TUIONI, TPUAATHUX IS po3MimeHHs MMP, ponb reosoro-
€KOJIOTIYHHX KPUTEPiiB 3HAYHO 3HMKCHA.

Buxopucranas MMP  posrmsmaeTbest K KOMIleHcatop  AedimuTy
eHeproreHepartii Ta sk 3aminy eHepro6iokis AEC, mo BUBOIAThCA 3 eKCIUTyaTallii.

Ha pmanmii wac He BW3HAYCHO, YW MiANaga€ PETYNIOBAHHS BIIPOBAKEHHS,
BUKOPUCTaHHSA Ta po3mimeHas MMP mo sBuxmounoi xommerernnii HAEK
«EHeproaTomy, uu 11 MOBHOBAXXEHHsI MOXYTb OyTH MepeaHi IHIIMM 1HCTaHIISIM.

MoxHa BUAIIMTH HACTYIHI IUIOIII, NOTEHLIHHO NPHIATHI JUIi PO3MIILEHHS
MMP: na npommaiinanunkax aitounx AEC rta 3pyitnoBanux TEL[; no6musy abo B
MeXax MICT 1 MICBKHMX arjomepaliif; Ha mpoMMalaHuuKax KPYIMHHX HPOMHUCIOBUX
HIANPUEMCTB; Ha TEPUTOPIAX 3 JOCTYNIOM JIO BOAHUX pECypciB, 30KpemMa Ha
prOEpEeKHUX 30HAX aKBATOPi MOPIB 1 PiUOK.

B VYkpaini 6arato celicMi4HO aKTHBHHUX TEPUTOPIH, 110 CTPIMYE PO3BUTOK B HUX
saepHoi eHepreTukd. lloTeHmiltHOO mepeBaror0 MMP € MOXIHBICTH BUTPUMYBATH
ORI BUCOKI CeHiCMiUHI HaBaHTa)KCHHS.

[TuTaHHS €KOJIOTIYHUX PU3HKIB Ta BIUTUBY Ha JOBKULIA 3BOSTHCS 10 IPABOBOTO
YHOpPMYBaHHA HOBOi misimeHOCTI MMP (HOBOI He mmme mis YkpaiHw, ame i y
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r700aJbHOMY CeHcl). BiTuM3HsIHA 3aKOHOJABCTBO y IIiH rajly3i MOBHHHA PYXaTHCh Y
(apBatepi NPOBITHUX KpaTH-JIiJEPiB, TAKOX CJiJ] CyMJIIHHO BUKOHYBAaTH HACTaHOBU Ta
pexomennanii MAT'ATE i HaJle)kHUM YMHOM BpaxOBYBaTH TEXHIYHI YMOBH KOMITaHil-
BupoOHUKiB MMP. Po3po0Kky HeoOXiZHHX NPaBOBUX aKTiB CJiA MOYHMHATH
HeBIAKJIAIHO.
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Abstract: In five years, the first small nuclear reactor should be operational in
Ukraine, the agreement on their deployment was signed by the Ukrainian "Energoatom"
and the American Holtec International. According to the agreement, up to 20 SMR-160
reactors should appear in Ukraine. The following main ways of their potential
placement can be distinguished: on the sites of operating nuclear power plants; near or
within cities, on the site of industrial enterprises; in the territories with access to water
resources, in particular in the coastal zones of the water areas of seas and rivers. The
problem of transporting MMR to the place of operation can be solved by floating MMR.
Placement of floating MMRs along the coasts of seas and rivers will allow to restore
the energy supply of the surrounding territories. Decommissioning of the Kakhovskaya
and Dniprovskaya hydroelectric power plants, as well as the thermal power station,
significantly worsened Ukraine's energy supply. Their reconstruction will require
significant expenditure of money and time. Placing floating MMRs along the coast, in
particular the Dnipro, will allow to restore the energy supply of the surrounding areas
faster and cheaper.
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®A30BUI CKJIAJ KOPUYHEBOI KEPAMIKH JIABOIIOJAIEHUX
IHAJIMBOBMICHUX MATEPIAJIIB
4-ro BJIOKY YOPHOBWJILChKOI AEC

T'abenkoe C.B., Kueaniok I.B., Kpacnuoe B.O., Kyonait B.I., Ilapxomuyxk I1.€.,
Casuenko b.C., Hukonoseys C.O.

[HcTHTYyT IpOGNIEM Oe3niexu aToMHuX enektpocTtaniiin HAH Ykpainu, YopHoOwis,
s.gabelkov@ispnpp.kiev.ua

QazoBuit ckmax  KopuwaHeBoi kepamiku JIIIBM  pmocmimkeHO MeTOHOM
PEHTreHIBCHKOTO (ha3oBoOro aHamilzy depes 38 pokie micis aBapii Ha HAEC. Breprue
BCTaHOBJICHO HasBHiCTh MarHieBoro mumeity Mg(H20)35[(U02)2(S04)02], cumikaty
MarHito Mg>SiO4 Ta cumikatiB kanbiio CaxSiO4 it CaszSiOs. IlinTBepaxeHo HasBHICTD
okcuny ypany UO»34 , KyOigHOTO OKCHAY IHUPKOHIIO ¢-ZrO> Ta 4opHOOWTTY ZI|-
xUxSi04. [linTBepmKeHo 11e pas, o 3a yac 3HaxXoHKeHHS B O0’€KTI « YKPUTT» MiCis
aBapii mpownuio okucieHHs okcuay ypany UO; sjepHoro manuBa. 3HaYHA YacTHHA
okcuny ypany (~50 %), sikuit 3HaxonuBcs y BoueHHsx B JITIBM, 3a yac nepeOyBaHHs
B O0’exTi «YKpUTTsY, nepeiinnia B MarnieBuil munmeit Mg(H,0); 5s[(UO2)2(S04)0x].
Marnieuit uunmeit Mg(H20)3 5[(UO2)2(S04)02], oueBuano, chopmyBaBcs Bke Hicis
aBapii, sk pe3ynbrat B3aemoii JINIBM 3 Bozoro. Cuitikat marHiro Mg»SiO4 Ta cuitikatu
kanbiito Ca,SiO4 i Ca3SiOs chopmyBanucs B npoueci kpuctaiizaunii ckiodasu. Lei
npoIiec po3novaBcs MalOyTh Ie IPX OCTHTaHHI JIaB IIiJ 9ac aBapii Ta MPOJOBKHUBCS B
yMoBax 30epiranas B O0’eKTi « YKPUTTS».

Kniouoei cnoea: xpucranmiuni (asu, 1aBomoniOHI NajIMBOBMICHI Martepiaiy,
KOpHYHEBa KepaMika, PeHTIeHIBCbKUH (ha30BUil aHami3, (azoBuii ckian, YopHOOMIb,
Dykycima.

PHASE COMPOSITION OF BROWN CERAMICS OF LAVA-LIKE FUEL-
CONTAINING MATERIALS FROM THE CHORNOBYL NPP UNIT 4

Gabielkov S.V., Zhyganiuk 1.V., Krasnov V.0O.,
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 brown ceramics was investigated by X-ray
phase analysis for 38 years after the Chornobyl accident. For the first time the presence
of magnesium zippeite Mg(H>0)35{(UO2):(S04) 0], magnesium silicate Mg>SiO4 and
calcium silicate CaSiOy4 1t Ca3SiOs. The presence of urania UQ; 34, cubic zirconia c-
ZrO; and chornobylite Zr;..U,SiO4 was confirmed. It was established once again that
during the stay at the "Shelter" after the accident, oxidation of UO; urania of the nuclear
fuel took place. The main part of the urania, which was in the inclusions in the LFCM,
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during its stay in the "Shelter" facility, turned into magnesium zippeite
Mg(H:0)35[(UO3):(S04)0;]. Magnesium Mg>SiOy4, calcium silicates CazSiO4 and i
CasSiOs 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".

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

PROJECT MANAGEMENT IN THE CONTEXT OF ENVIRONMENTAL
PROTECTION

Hrytskevych Sergii
State Specialized Enterprise "Chornobyl NPP"

The exclusion zone and the mandatory resettlement zone require a special form
of management, as they are areas where persistent contamination of the surrounding
natural environment with radioactive substances has occurred, and they have been
withdrawn from economic circulation and separated from adjacent territory [1].

Within the territory of the exclusion zone and the mandatory resettlement zone
are located facilities of the State Specialized Enterprise "Chornobyl NPP" which require
decommissioning and transfer to an environmentally safe condition, as well as objects
of the radiation-ecological monitoring and radiation safety system.

The land, water, and forest resources of the exclusion zone and the mandatory
resettlement zone, which serve as a natural barrier to the spread of radioactive
contamination beyond their boundaries, require constant monitoring and use in
compliance with radiation safety requirements. At the same time, within the territory of
the exclusion zone and the mandatory resettlement zone, there is an opportunity to
preserve in an ecologically restored state the most typical natural complexes of the
Polissya region [2].

The primary goal of the operating organization is to comply with legislative
requirements while addressing all tasks during the decommissioning of units 1, 2, and 3
of the Chornobyl NPP (ChNPP) and transforming the Shelter Object into an
environmentally safe system. This includes meeting the needs of Ukrainian citizens and
other countries for activities on the Chornobyl NPP site without causing unacceptable
impacts on their health.

In a world grappling with resource scarcity and environmental degradation, the
concept of a circular economy emerges as a beacon of hope.

At its core, a circular economy envisions a regenerative cycle where resources
are used, reused, and regenerated. It promotes designing products for longevity,
repairing and refurbishing, recycling materials, and ultimately reducing waste. This shift
requires a systemic change in how we produce, consume, and manage resources. Central
to the circular economy is the concept of design for sustainability [3].
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The mantra of “reduce, reuse, recycle” takes on new meaning in the circular
economy. By minimizing waste through reduced consumption, encouraging the reuse
of products and materials, and optimizing recycling processes, we close the loop on
resource flows and minimize environmental impact.

Resource-efficient and clean production (RECP) is a strategy of comprehensive
and continuous application of preventive measures regarding the impact of production
processes on the environment, aiming to enhance production efficiency and reduce risks
to human health and the environment.

The integration of RECP methodology into management processes at the
enterprise is aimed at enhancing the competitiveness of the enterprise through resource
savings, reducing production costs, and simultaneously decreasing anthropogenic
pressure on the environment. This involves the development of methods for improving
production processes, justification of the effectiveness of the proposed methods,
training, and raising awareness among personnel regarding the necessity of continuous
improvement of the enterprise's activities

Complex for for Manufacturing Metal Drums and Reinforced Concrete
Containers for SSE ChNPP Radioactive Waste Storage (CMD&C) is referred to the
infrastructure necessary for the Chornobyl NPP decommissioning. Its necessity is
conditioned by construction and commissioning of the Industrial Complex for Solid
Radioactive Waste Management (ICSRM) and the Liquid Radioactive Waste Treatment
Plant (LRTP) at the Chornobyl NPP. The maximum designed capacity of the main
production is 34,250 steel drums per year and 700 reinforced concrete containers per
year.

After conducting the enterprise survey and analyzing the data obtained, there is
the development of proposals and decision-making regarding feasible methods to
enhance resource efficiency and reduce environmental pollution.

RECP identifies eight key approaches. After selecting the measures for
environmental protection and designing them, it is necessary to ensure compliance with
norms and requirements for environmental conservation and ecological safety. To do
this, it is proposed to conduct an environmental assessment (or expertise) of the
technical solution, which is based on interdisciplinary environmental research, analysis,
and evaluation of project materials or objects.

To reduce the cost of the finished product and the burden on the environment by
reducing the amount of secondary waste and efficiently using energy resources in the
production of MB-0.2 IV drums, the possibility of using cold-rolled carbon steel sheet
with dimensions of 1x1000x2000 mm, 1x1250x2500 mm, and utilizing remnants of
cold-rolled carbon steel sheet after manufacturing MB-0.2 IV drums with dimensions of
1.5x244x1001 mm, 1.5x135x1764 mm, and 1x244x1001 mm, 1x135x1764 mm is being
considered.

Modification 1 includes utilizing remnants of cold-rolled carbon steel sheet after
manufacturing MB-0.2 IV drums with dimensions of 1.5x244x1001 mm, 1.5x135x1764
mm.

Modification 2 involves the use of cold-rolled carbon steel sheet with dimensions
of 1x1000x2000 mm, 1x1250x2500 mm.
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Modification 3 entails utilizing remnants of cold-rolled carbon steel sheet after
manufacturing Mb-0.2 IV drums with dimensions of 1x244x1001 mm, 1x135x1764
mm.

When implementing modification 3, the maximum annual benefit for CMD&C
design capacity will decrease by 33%, resulting in 87 tons per year of secondary waste.

Introduction of a pilot batch of metal drum MB-0.2 IV (TY V 28.7-14310862-
053:2012) with modified technical (design) characteristics as a formative shell for
transportation and storage of solidified liquid RAW at the SEE CNPP will allow saving
up to 16% of the budget, which amounts to up to 3,7 million UAH.
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BHKOPUCTAHHS JYKHUX HIJIAKOTIOPTJIAHIIEMEHTHIX
MATPHUIb 151 IMMOBLIIBALI HU3bKOAKTUBHUX MPOJAYKTIB
OYHNIIEHHS BOIA

T'yziu C.I.

JY «IacTutyT reoximii HaBkoJauIIHbOTO cepenouma HAH Ykpainu, m. Kuis,
sguziy2(@gmail.com

Beryn. V1957 poui B.Jl. TI'myxoBcekuit (KuiB, VYkpaina) BHUSBUB, IO
TiApaBIIYHUMH B’SHKYYUMHU BJIACTUBOCTSIMH, MOPSI 31 CIIOJYKaMHU JTYKHO3EMEIbHUX
meraniB (Ca, Mg, Sr, Ba — enemenramu npyroi rpynu nepioguuHoi cucremu [1.I.
MeHzeneeBa), BOJOAIIOTh TakoXk croiyku ayxuux MmeraniB (Li, Na, K, Pb, Cs —
€JIEMEHTH IepIIoi TPYyNH) abo iX cymimi. AHaTi3yI0ud MPOLecH pyHHYBaHHS TiPCHKUX
nopin, B.JI. I'myxoBcbknii mokasaB, II0 BBEAEHHS JIYTIB B NPOAYKTH pPyWHYBaHHS
TipCBKHX  IOPil  MO3BOJIIE ~ CHHTE3yBAaTH JYXHI 1  JIy)KHO-JIy>KHO3EMEJbHI
ATIOMOCHJIIKaTHI HOBOYTBOPEHHS, SIKi € IEOJITOMOAIOHMMH aHaloraMH TNPHPOIHIX
MiHepamiB. BcranoBmenHs mpodecopom I[myxoBcbkmM B 1957 pomi B’spDKydmx
BJIACTHBOCTEH CIIOy4EHb JIy>KHUX METaJliB 3MIHHMJIO TPAIAMLIIHI ySBICHHS PO B sDKY4i
BIIACTUBOCTI MiHEpAJILHUX pEeYOBHH (puc. 1).
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BMMOIUM A0 3'€AHAHD, WO NMPOABAAIOTD MAPABAIYHI B'AXYI

BNIACTUBOCTI
«Cmapa» meopin / T~ «Hosa» meopis
(3a I.A. Mowarckum) (3a B.A. [nyxoscbkum)
OBMeKeHa PO3UMHHICTb BUXiAHUX BiCOKa PO3UMHHICTD OAHIET 3 TBEPANX
TBEPAMX Pa3 a3, Wo Aa€ y BOAHOMY CepeaoBULL

NY3KHY peakLiiio

Puc. 1. I[IposiB TigpaBIiyHUX BIACTUBOCTCH IICMCHTIB

Po3BuTOK 1MX i€l BHpIC B CTBOPEHHS HOBOIO KJAaCy IIPOIPECHBHHUX
LEMEHTYIOYMX MaTepialiB [2], B SIKUX CIIOJYKHU JIY)KHHX METaliB CIIy’KaTh HE TUIbKH
aKTUBATOpaMH, ajleé N He3aJeXHUMU CTPYKTYPOYTBOPIOIOUMMH CKJIQJOBUMHU, IO
YTBOPIOIOTh TIPH TMPOTIKAaHHI XIMIYHUX peakmii JyXHI 1 3MilIaHi Jy»XHO-
JY)KHO3EMENbHI TipOaTIOMOCHIIKATH, AHAJOTIYHI MPHUPOJHUM IEOTITONOMIOHUM
MiHepanam [3, 4], came sKi 1 BU3HAYAIOTh JOBIOBIYHICT KiHIIEBUX MPOIYKTiB (puC. 2).

ICaO-Si( )z Ca( )»Si(,),—H’( )
) TpaguuiitHmii
+H1(') > MOPTIAHALEMEHT
(,‘u(,)—A]’(,)} Ca0-ALO -H,O
23 23 2
Al O -SiO R O-Al O -SiO -H O
2 3 2 2 2 3 2 2
+ RO +HO> JIy’KHHIT LIeMeHT
) 2
(Ca0O-Al O -SiO Ca0O-R O-Al O -SiO -H O
23 2 2 2 3 2 2

Puc. 2. Ximis mpomecy

Sk pa3 came meoniTononiOHI Ta (heNpAIIaTOiNHI HOBOYTBOPEHHS 3[aTHI SIK 10
¢i3uuHOrO, TaK 1 XIMIYHOTO 3B’s3yBaHHA IOHIB pPaJiOAKTUBHHX E€JIEMEHTIB Yy
BOJIOHEPO3UYMHHI crioiayku [5, 6]. IIpu iMmoOuTi3amii B HUX palioOHYKIIAIB JIyXKHUX 1
Jy>KHO3EMEJILHHX CJIEMEHTIB OCTaHHI BKITFOUAFOTHCS B CTPYKTYPY IIEMEHTHOTO KAMEHIO SIK
AKTHBHUH XIMIYHUI KOMITIOHCHT 1 HA/IIHO 3B'S3yI0ThCS B HhOMY. CHHTE3 IIEOTITONOTI0HIX
TIIPaTHUX YTBOPEHb Yy JIy’)KHOMY LEMEHTHOMY KaMCHi, SKi MArOTh JIOCHTh BHCOKY
copOmiiiHy 34aTHICTD, € JOMAaTKOBUM (pakTopoM (i3MIHOTO OJOKYBaHHS PamiOaKTHBHIX
eneMeHTiB. TOKCHYHI eeMeHTH He TUTHKH (POPMYIOTh CTPYKTYPY IITYYHOTO KaMEHIO, aje
1 BHSBJISIOTHCS 3a0JIOKOBAHUMH B TPUBHMIPHIM PEIIITIN IC0JIITOBOI MATPHIIi, SIKa Mae
BEJTKI €HEPreTHYHO HeHACHYeHI MOPOXHWHU. {11 MiATBEpMKEHHS NAHOTO TE3WCY B
po6oTi OyI10 BUKOPHUCTAHO Iy KHHUH IITAKOTIOPTIIAHIIEMEHT 2 THITY [2] 3 METOIO BHSBICHHS
ONTHMAJIBHOI ~ KUTBKOCTI  CKJIJOBHX IIEMCHTY SK MATpullb JUIi  iMMoOLTi3amil
HU3bKOAKTHBHUX MPOJIYKTIB OUHUIIICHHS BOIH.

Martepianu Ta Meroau gochimkeHb. OO0'€eKTOM JOCHIKEHHS Oyiu
NUIAKOTIOPTIIAHAIIEMEHTHI KOMIIO3HIIIT, Mo u(iKOBaHI Jyramu Ta
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nomiyHKIIOHAIBEHOIO  100aBKor0. /Iyl  OTpUMaHHS —IUIaKOTOPTIaHIIEMEHTHHX
KOMITO3HILIIli BUKOPHCTOBYBaIN HacTynHy cupoBuHy: [Topraanaunement I111 1-500-H
BupoOHunTBa ITAT «Bommub-llement» (ACTY b B.2.7-46:2010), rpanynboBaHui
nomennawnii uiak (I'I11I) Bupo6uunTBa [TAT «ApcenopMirtam», M. Kpuswuii Pir (TY ¥
B.2.7.-1-05393043-113:2010). [Ins 3HMWKEHHS BOJOCIIOXMBAHHS BUKOPHUCTOBYBAJIH
OaraToyHKIiOHANBHY M00aBKYy - JirHocynspoHaT HaTpito «Borresperse Nax»
(Hopgeris). Sk myxHi aktuBatopu BuKopuctoByBasn Na,COsz Ta NapSiOs3-5HO y
KiJbKoCTsIX, peryiameHToBanux JICTY. lleMeHTH OTpHMYBaIH 3MilllyBaHHSIM ITOPOLIKIB
IIK I-500-H ta T'’III mpoMucioBoro BUpOoOHHUIITBA (MUTOMA MOBEpXHS 3a bieitHoM
3000 cm?/r). s BU3HAYEHHS aKTHBHOCTI LEMEHTHOTO KAMEHIO OyJM MiArOTOBJIEHI
3pa3ku-Kyom posmipom 3x3x3 cwm. Ilicns ¢opmyBaHHS 3pa3Kd BUTPUMYBAIA B
HOpMalbHUX yMoBax (Temmneparypa 20+£2°C, BigHocHa BoJoricTh 95+£5°C). MinHicTh
3pa3KiB BU3HAYAIH y Billi 2, 7 Ta 28 mil.

Hns  imentudikamii CHHTE30BaHMX HOBOYTBOPEHb Ta  BCTAHOBJIEHHS
OCOOJMBOCTEH CTPYKTYPOYTBOPCHHS B KOMIIO3HUIIISIX HA OCHOBI IIUTAKIB JIOCIIIKEHO
(ha30BHii CKIJIA]] IPOIYKTIB TBEPAHCHHS JIY)KHUX IIJIAKOMOPTIAHIIEMEHTHHUX B'SDKYUYUX
3 BHKOPHCTaHHSIM pEHTreHo(a3oBOro, AU(EpeHIIHHO-TEPMIYHOTO, EJIEKTPOHHO-
MiKpPOCKOIIIYHOTO Ta 30HJ0BOTO METOMIB aHAII3Y.

OnTuMizamiro CKIaliB IIEMEHTIB TMPOBOJUIN 3a JOIMOMOTO0 TpH()AKTOPHOTO
CHUMIIIEKCHOTO IIEHTPAIBHOTO IUIAaHY EKCIIEPHMEHTY B MaTEeMAaTHYHOMY CEpeJOBHIII
STATISTICA 12 3 peamizami€ero cremianbHOi KyOidHOI MOJemni, sKa BpPaxoBYy€e HE
JHIHICT BIUVIMBY ()aKTOPiB HA BIACTUBOCTI BUXITHUX IMapaMeTpiB. Y AKOCTi pakTopiB
BapitoBanHs Oyno oOpano: BMmict ['IIII Bim 40 mo 80% (daktop X1), BMicT
MeTacuiikary HaTpito Big 5 mo 10% (daxrop X2) i BmicT coau Big 3 1o 7% (dakTop
X3) y cknazax neMeHTiB. MaTpuIst IilaHyBaHHS eKCIIEpUMEHTY HaBeJleHa B Tabu. 1.

VY SKOCTI BUXIJHHX IapameTpiB Oyiin oOpaHi 3HAUEHHS MIIHOCTI MPH CTHCKY
3pas3KiB IEMEHTIB IICJIs TBEPAHEHHS Ha MPOTs3i 2, 7 1 28 1i0 32 HOPMAIBHUX YMOB.
Touku ma”y BiAMOBIIAIOTH CKJIaAaM IIEMEHTIB.

Tabnuya 1. Matpuns 1iaHyBaHHS €KCTIEPHAMEHTY

Touku | Ilnan mMaTpwi B KoJgax MaTpuyHuii TIaH y TOBHOMY PO3Mipi
TUIAHY X1 X2 X3 JITI M C

1 0,00 1,00 0,00 40 10 3

2 0,33 0,33 0,33 53,3 6,7 4,3

3 1,00 0,00 0,00 80 5 3

4 0,50 0,50 0,00 60 7,5 3

5 0,00 0,00 1,00 40 5 7

6 0,50 0,00 0,50 60 5 5

7 0,00 0,00 0,50 40 7,5 5

ITo3nauennss - 'Ll — menenwii AOMEHHWM TpaHyJIbOBaHMW mmak, M —
MeTacwiIiKaT HaTpito S5-tu Boxuuit; C — cona, kKapOoHAT HATPItO
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AHaJi3 oTpHMaHHX pe3yJbTaTiB AOCTiKeHb. B pe3ynprari MaTeMaTH4HOT
00pOOKH eKCIIEpUMEHTANIBHUX JTaHUX OTPUMAaHO piBHAHHA perpecii (1-5) Ta Tabnuyni
JaHi pe3yibTaTiB MOAETIOBaHHA (Tadi. 2), siKi BimoOpa)karoTh BIUIMB JOCIIKYBaHUX
(hakTOpiB Ha Yac Ty>KaBJIEHHS Ta MIITHICHI XapaKTEPUCTHKH 3pa3KiB IIEMEHTHOTO TiCTa
Ha OCHOBI JIY’)KHOTO UIAKOTIOPTIAHAIEMEHTY, MOAN(IKOBAHOTO JIyTaMH:

CT"=40x1+15x2+20x3+18x1x2-8,4E-14x1x3+1,(9)x2x3+21x1x2x3 (1)
CT"a=95x1+45x2+55x3+60x1x2x1x3-8x2x3+99x1x2x3 2)
Rem?Mmra=6,5x1+7,5x2+5,3x3+20x1x2-0,4x 1x3+1,6x2x3-21,3x 1x2x3 3)

Rom’wmra=13,6x1+16,1x2+14x3+12,6x 1x2+34,8x1x3-13,8x2x3-170,1x 1x2x3  (4)
Ron®wia=23,2x1+42,8x2+38,6x3+19,6x 1x2+9,6x 1x3-5,2x2x3-79,2x 1x2x3  (5)

Tabnuys 2. Pe3ynpraTh BU3HAYECHHSI CTPOKIB Ty>KaBJeHHS 1 (i3MKO-MeXaHIYHHX
XapaKTEePUCTHK 3pa3KiB IITYYHOTO KaMEHIO

Touku CTpoku TyXaBJICHHS, XB. Mimnicts npu ctucky, Mlla, y Bimi, 1i6
Iiady MOYaTOK KIHELb 2 7 28

1 15 45 7,5 16,1 42,8

2 28 70 8 12 34,6

3 40 95 6,5 13,6 23,2

4 32 85 12 18 37,9

5 20 55 53 14 38,6

6 30 65 5,8 22,5 33,3

7 18 48 6,8 11,6 39,4

I3 maHux piBHSAHB perpecii BUAHO, 110 (h)aKTOPH BapilOBaHHS 3HAYMMIi, Ha iX
OCHOBI Ta naHux Tabin. 2 moOy/JoBaHI i30mMapaMeTpHyHi JiarpaMu 3MiHH BHUXITHUX
rapaMeTpiB 3aJeKHO Bijl BIUIMBY (aKTOPiB BapitoBaHH (pHC. ).

Sk BuaHO 3 puc. 3,a dYac movatky TykaBieHHs (Bix 30 xB.) 30imbHIyeTHCS 31
BMICTOM IIITaKy B rieMeHTi Bix 60 1o 80 % (daxrop X1), 3SMEHIIEHHSAM METacHIIIKaTy B
KinbpKocTi Big 7 10 5% (dakrop X2) i 3meHmeHHsM coau Bif S 10 3% (dpaxrop X3). Io
naHuM niarpamu [lapero (puc. 3, 0), mo 3a06e3neuye 80% mposiBy Bin Iii cKiaJoBHUX
[IEMEHTYy Ha I0YaTOK TY>KaBJICHHS, HaAMOUIbII BaroMo BIUIMBAaKOTh (akrtopu Xl,
X1X2X3, X3, X1X2, X2; 20% npunanae Ha giro pakropy X2X3.
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ABC ‘21.
(C)C, %, X3 20,
AB 18,
(BIM, %, X2 15,
8c :lz.
AC :l—ﬂ

-5 0 5 10 15 20 25 30 35 40 45
Effect Estimate (Absolute Value)

muex we
a 6
Puc. 3. [liarpamMu 3MiHH [TOYaTKy TyXXaBJICHHS 3pa3KiB IEMEHTHOTO TiCTa HA OCHOBI
JY’KHOTO IITAKONOPTIAHAEMEHTY 3aJIeKHO BiJf KUTBKOCTI METaCHIIIKAaTy HATPIifO
(5...10%), comu (3...7%) ta B™micTy nutaky (40...80%): a; 6 - [Tapeto

Sk BuzHO 3 puc. 4, a Ha yac KiHL TyxaBieHHs (10 90 XB.) BIUTMBAE 301IbIICHHS
BMicTy 1utaky B remenrti Bij 70 1o 80 % (dakrop X1), 3SMEHIIEHHSIM METaCUIIIKaTy B
KizbpkocTi Bif 7 10 5% (hakrop X2) i 3MeHmeHHsM coau Bix 5 1o 3% (dpakrop X3). V
B’SDKYYiH CyMillll MeTacHJIiKaT HaTpilo mposiBisie iactudikyrounii epext. [lo qanum
niarpamu [lapero (puc. 4, 6), 80% nposiBy edekTy Bij il CKITaJOBUX IIEMEHTY Ha KiHEIb
Ty>KaBJIeHHs] MatoTh akropu X1X2X3, X1, X1X2, X3 i X2. [anri no0ytku dakropis —
X1X2 i X2X3 Ha mposiB epeKTy He BIUIUBAIOTh.

(A, %, x1

#ee _99‘
-95‘

AB ‘SU‘

(©)C. %, X3 55,
B, %, X2 45,

AC |40,

BC -8,

1,00 4 h o0, 0 0 10 20 30 40 5 6 70 8 9 100 110
0.00 . I K [ Effect Estimate (Absolute Value)
I, %, X1 M, %, X2

a 0
Puc. 4. Jliarpamu 3MiHM KiHIS TY>KaBJICHHS 3pa3KiB IEMEHTHOT'O TiCTa HA OCHOBI
JIY’KHOTO NUTAKOMOPTIAHIEMEHTY 3aJIeKHO BiJ] KUIBKOCTI METACHIIIKATy HATPIO
(5...10%), comu (3...7%) ta BM™micTy nuiaky (40...80%): a; 6 - [Tapeto

AHaJi3 oTpUMaHUX JiarpaM 3MiHH MIIIHOCTI Jy)KHUX HUIAKOIIOPTIAHIIICMEHIB,
Mo (iKOBaHUX JIyraMmH, IOKa3ye, o Ha 2 100y Haibinbmoro minHicTio (8-12 MIla)
BiJPI3HAIOTHCS 3pa3Ky, OTPIMaHi IIPH BUKOPHCTAHHI B’ sDKYy4J01 KOMITO3HIII{, IO MiCTHTH
60-80% mmaky (dakrop X1) Ta 6-9% meracwmiikaty Hatpito (pakrop X2) i 3-4% comn
(paxrop X3). [30miHiT MaKCHMAaITFHOT MIITHOCTI pO3TAaIlIOBYIOTHCS B OCHOBI (PaKTOPHOTO
MIPOCTOPY CYMIIIEBOT0 TPUKYTHUKA 3 30Hi il pakTopy X2 (puc. 5, a).
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C, %, X3

- 1175

(BIM. %, X2 75
()Y, %, X1 6.5
(€)C. %, X3 53
BC 16
ac -4

1.00 4
0.00
Arw, %, X1

5 10 15 20 %
Effect Estimate (Absolute Valug)

a 0
Puc. 5. [liarpamu 3MiHU MIITHOCTI Ha CTHCK 3pa3KiB IEMEHTHOT'O TiCTa Ha OCHOBI
JYKHOTO IUTAKOTIOPTIAHIIEMEHTY 3aJI€KHO Bifl KUTBKOCTI METACHITIKaTy HATPIiIO
(5...10%), comm (3...7%) Ta BmicTy mutaky (40...80%) Ha apyry D00y TBEpAHEHHS:
a — miocka; 6 — [Tapero

[To nanum niarpamu Iapero (puc. 5, 6), 80% nposiBy edexTy Bin Aii CKIIaT0BUX
[IEMEHTY Ha MIIHICTh NIPH CTUCKY Ha 2 100y TBepHiHHS MaioTh (axropn X1X2, X2,
X1, X3 1 X2X3. Inmni mobytkm daxtopis — X1X2X3 i X1X3 Ha mposiB edexry He
BIUIUBAIOTb.

301TBIICHHS TIOKA3HUKIB MIITHOCTI B IIEMEHTHHX 3pa3kax BigMmiueHe Ha 7 100y
TBepHiHHA (puc. 6, a). MakcuMaIpbHUMU 3Ha4eHHAMH — 19-22 MIla xapakTepu3yroThCs
[IEMEHTH, 110 BMIIIYIOTh TUIaK Bif 45 10 75% (dakrop X1), MeTacuiikaT HaTpiro Bix 5
110 5,5% (daxtop X2) i cony Bix 4 10 6% (daxrop X3). [30miHiT MaKCUMaTBHOT MII[HOCTI
PO3TaIOBYIOTHCS Ha JIiBil IpaHi (PaKTOPHOTO POCTOPY CyMILIEBOTO TPUKYTHHKA B 30H1
nii dpakropy X1.

rec -VWU !
AC 348
(BM, %, X2 161

(€IC. %, X3
BC 138
(AT, %, X1

AB

1,00
0,00 025 0.50 0.75 1.00
Ar, %, X1 M, %, X2

a 0
Puc. 6. [liarpamu 3MiHU MIITHOCTI Ha CTHCK 3pa3KiB IEMEHTHOT'O TiCTa Ha OCHOBI
JYXKHOTO NUTAKONOPTIAHIICMEHTY 3aJIe)KHO BiJl KUIBKOCTI METACHITIKATY HATPIIO
(5...10%), comu (3...7%) Ta BMicTy 1wiaky (40...80%) Ha cboMy 100y TBEpIHEHHS:
a - wiocka; 6 - [Tapeto

20 0 20 40 60 80 100 120 140 160 180 200
Effect Estimate (Absolute Value)
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ITo nanum giarpamu Ilapero (puc. 6, 6), 80% nposaBy edexTy Bix mii ckIagoBUX
LIEMEHTY Ha MiLIHICTb IIPU CTHCKY Ha 7 100y TBepIiHHsA MatoTh pakropu X1X2, X2, X1,
X3 1 X2X3. Inmi nobyrkm ¢akrtopiB — X1X2X3 i X1X3 Ha mposB edekty He
BILUIMBAIOTh.

B mapounomy Bimi, Ha 28 100y TBEpAiHHS [IEMEHTIB, BUSBICHO 3HAYHUN IPHUPICT iX
MirHocTi (puc. 7, a).

ABC -779 2
(BM, %, X2 428
(©)C. %. X3 336

(AL, %, X1 32

AB 196

AC 96

BC 52

1004 g 9
0.00 } ! b X 40 0 10 2 30 4 5 8 70 8 %0
AT, %, X1 M, %, X2 Effect Estimate (Absolute Value)

a 6
Puc. 7. Jliarpamu 3MiHM MIITHOCTI Ha CTHCK 3pa3KiB IEMEHTHOT'O TiCTa Ha OCHOBI
JIy’KHOT'O IIUTAKOTIOPTIIaH/LEMEHTY 3aJIE)KHO BiJl KIIBKOCTI METaCHIIIKaTy HaTPito
(5...10%), conu (3...7%) ta BMicty nutaxy (40...80%) Ha ABaaLsATE BOCEMY 100y
TBEpJHEHHS: a - 1ocka; 6 - [Tapeto

MakcumanbHUMH 3HayeHHSIMH MinHocTi — 40-42 MIla XxapakTepu3yloTbes
3pa3KH CKJIa/liB IEMEHTIB, 1110 BMIILIYIOTh IUIaK B KibKocTi Big 40 1o 60% (hakTop X1)
MeTacuiiKar Hatpito Bix 6,5 mo 10% (dpaxrop X2) i coxy Bin 3 mo 7% (dakrop X3).
[30miHIT MakcHMalbHUX 3HaY€Hb MIIHOCTI PO3TAIIOBYIOTHCS B IPABOMY HHIKHBOMY
KyTi ()aKTOPHOTO IMPOCTOPY CyMimeBoro TpukyTHuka. [lo nanum ngiarpamu Ilapero
(puc. 7, 6), 80% mposiBy edekTy Bia Jii CKIAJOBUX IEMEHTY HA MII[HICTh MPH CTHCKY
Ha 28 moOy TBepaiHHA MatoTh ¢aktopu X2, X3, X1, i X1X2 i X1X3. [ami no0yTku
¢akTopiB Ha IPOSIB €(DEKTy HE BILUTUBAIOTH.

Ane BpaXOBYIOUH TEXHOJIOTIYHI (JOCTATHRO MIUPOKI MEXi CTPOKIB Ty KaBICHHS
110 90 XB, 1110 HaAA€ 3MOTY IPUTOTYBATH [IEMEHTHO-PAAI0aKTUBHAN PO3UNH KOMITAyH]TY )
Ta SKOHOMIUHI TOKAa3HWKH (30UTBIIEHHH BMICT NUIAKy i 3MEHIIeHa KiTbKICTh JIYTiB
3HUXKY€ 3arajibHy BapTiCTh I[EMEHTY), Hac Oljibllie LiKaBUTh 00jacTh (pakTopHOrO
MPOCTOPY, 110 0OMexkeHa 1o oci X1 KUIBKICTIO HIJIaKy B IieMeHTi Bix 65 1o 80%, no oci
X2 — BMICTOM MeTacHJIiKaTy HaTpio B KIIBKOCTI Bizt 6 10 5% 1 1mo oci X3 BMicTOM conu
y ckiai B sky4oi kommnosuiii — Bif 4,5 10 3%. 1o 3HaYCHHSM MIIIHOCTI MIPH CTUCKY
(28-24 MI1a) po3rissHyTi CKJIaI1 IEMEHTIB I[IJIKOM 33J0BOJILHJISITH BUMOTH 10 MIITHOCTI
JUISl IEMEHTYIOYHMX CHCTEM KoMnayHaiB - <4,9 MIla [7], ToMy noaanbIii OCIiKEeHHs
OyIyTh HAIMIPABJICHI HA BUKOPHCTAHHI 3a3HAYCHUX CKJIAJIiB I[EMCHTIB.

[Mpu rigparanii Jy>KHOTO HITAKOTIOPTIAHIIEMEHTY 3 J00aBKaMH JIyTiB, 3TiTHO
JTAaHUX HAPOITyBaHH: MIITHOCTI IITYYHOTO KaMeHIO Ha 7 00y TBepIHEHHS BiI0YBa€ThCS
3a paxyHOK yTBOPEHHS B CKJIa/li IPOYKTIB TiJpaTallii HOBOyTBOPEHb HACTYITHHUX THIIIB!
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rigpocuiikaris kansiiito CSH (B) (d = 0,307; 0,280 um), Takoxx CoSH (A) (d = 0,327,
0,231; 0,210 um), kaneiiesuM xouapoaiToM (d = 0,367; 0,269; 0,182 HM) i MIKTOIITOM
NaCa,Si3030H (d = 0,386; 0,260; 0,243; 0,205; 0,198 um) (nani POA Ha 7 mo0y He
npusesieni).Ha 28 noOy TBepanenHst (puc. 8, a) B 3pa3kax pO3MISIHYTOI B’SDKYHOi
KOMITO3HUIIIi CITOCTEPIraeThCs JOCTATHRO 3HAYHA KUIBKICTh pPEHTreHoaMop(pHHUX
rigpocunikataux (a3. IarencuBHicTs mikiB Ca(OH), Ta KanbIieBOro XOHAPOIITY HE
BiIMiu€Ha, 3aTe YiTKO MPOTIIANAIOTECS HU3BKOOCHOBHI TiAPOCHIIIKATH KAaJBII0 THILY
CSH (B). Takox Mae wicme ¥WMOBIpHE YTBOPEHHS pPEHTTEHOAMOP(HHUX
rigpoamomocuimikatHuX (a3 Na,O-Al,03-2Si0,-H,0 (d = 0,343; 0,293; 0,248; 0,220
HM) [8]. @opMyBaHHS cTaOITFHUX HOBOYTBOPEHB Y Yaci CIIPHUsE 3pOCTAHHIO MIITHICHHAX
MOKa3HUKIB 3a PaxyHOK yTBOpeHHs1 ckoytuty 6Ca0-6Si0,-CaCOs;-H,O (d = 0,303;
0,299; 0,189 HM) 3a paxyHOK YTBOPEHHs OLIbII LIILHOT MIKPOCTPYKTYPH IITYYHOTO
kameHto. Sk cBiguatb pesynbratu JTA (puc. 8, 6) mopsiin 3 HU3BKOOCHOBHUMHM
riIpocuilikaTaMy KalbIlil0 Ma€ MiCle YTBOPEHHsS MIKTONITY, HasBHICTb SIKOTO
HiITBEP/KYETHCS MOSBOIO Ha TepMorpamax engoedexry B mexax (-) 100...150°C.

N DTA W
TG
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\ F? N @
©
s Mf&" XINN 25 1 N Lo
N ﬂw\u 2
20 S
20
T T T T T T T T T T T . ]
10 20 30 40 50 60 100 200 3-7-‘;":;‘;'.;;3?6‘6’6‘2:700 800
a 0

Puc. 8. Pentrenorpama (a), Tepmorpama (0) ITyqdHOr0 KaMEHIO HAa OCHOBI JIy’KHOTO
MITAaKOMOPTIIAaHIIEMEHTY, 110 MicTUTh 80% 1m1aKy 3 7o06aBKaMu 5% MeTacHIIKaTy
Hatpito Ta 3% conu, Ha 28 OOy TBepAHEHHS. YMOBHI IO3HAYCHHS:
2N - rigpocunikatu kanbiio (CSH(B)), X - kanbmieBuid XOHAPUT, N - MKTOJIT,
N~ - agsinit, 2N~ - Tobepmopir, D - ckayrt, L - pentrenoamopdni
rigpoamoMocTikaTHi pa3u

Maxkcumym crioctepiraerbes npu Temreparypi (-) 120°C. Cuix Big3HaunTH, 10 B
MPUCYTHOCTI JIy’)KHUX CIONYK BiZOyBaeThCS aKTHBAIlisl KPEMHE3EMHCTOI CKIIaJI0BOL
IIJIaKy, SKUH OUIbII aKTUBHO, MOPIBHAHO 31 3BMYAHUM LIIAKONOPTIAHALEMEHTOM,
3B’s13ye CaO B riipocuiiikaTHi Ta riipoastoMocHiikaTHi dasu.

3riTHO TaHKX EJIEKTPOHHOI MiKpOocKoItii (puc. 9, a, 0), Ha MikpodoTorpadisx MTYIHOTO
KaMeHI0, MO/IM(hIKOBaHOI'O METACHIIIKATOM HaTPilO Ta COJ0r0 Ha 28 100y TBEpAHEHHS
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Puc. 9. Enexkrponni MikpodoTorpadii moBepXHi CKOIy ITYYHOTO KaMEHIO (a)
Ha OCHOBI JIY’KHOI IUTAaKOTIOPTIAAHAIIEMEHTHOI KOMITO3UIIi{, MOIU(iKOBaHOT
Jno0aBKaM¥ METacHJIKaTy HaTpiro B KubkocTi 5% Ta coqu 3%, Ta pe3yabraTu
30HJI0BOr0 MiKpoaHasi3y okpemux ¢a3 (0) micis 28 110 TBepJHEHHS
32 HOPMAJIBHUX YMOB

YiTKO BHAHO (OpPMYBaHHS KpPUCTaNIB IIKTOJNITY Ha IOBEPXHI YAaCTHMHOK MUIAKY.
XiMIYHAH aHaNi3 PO3MOAINY E€NEeMEHTIB IO IMOBEPXHI CKOJY IEMEHTHOTO KaMEHIO
CBITUUTB, III0 TIOPSI/T 3 MIKTOJIITOM Y CKJIa/Ii MPOAYKTiB TBEPAIHHS MPUCYTHI EPEBAKHO
rizpocunikatu  Kanemiro Ttumy CSH(B), mo mnpuw3BoguTe g0 3MEHIIEHHS
croiBBigHomenHs CaO/SiO; Bix 2,1...2,5 no 1,3...1,63 3 yTBOPEHHSM BOJOKHHCTHX
HU3bKOOCHOBHHX T1IPOCHIIIKATIB KAJIBIIif0 Ta TEIENOi0H0T MacH.

BucHoBku

1. BpaxoByroouH TEXHOJIOTIYHI (IOCTATHHRO MIMPOKI MEXI 4acy TY)KaBJICHHS JI0
90 XBWIMH, IO Ja€ MOXJIHMBICTh HPUTOTYBAaTH IIEMEHTHO-PAJi0aKTHBHUN PO3YHH
CIONMYKH) Ta E€KOHOMIUHI MOKa3HWKH (MiJBUIIEHWA BMICT NUIAKy Ta 3MEHIIEHa
KUTBKICTB JIYTiB 3HWXKYE 3arajbHy COOIBapTICTh IEMEHTY), TOMY BH3HaueHa 00JIacTh
(haKTOPHOTO TIPOCTOPY, IO OOMEXKeHa 1o oci X1 KUTBKICTIO MIJTaKy B IEMEHTI Big 65 10
80%, 1o oci X2 BMICTOM MeTacWIiKaTy HaTpifo B KUIBKOCTI Big 5 1o 6%, a mo oci x3
BMICTOM COJM Y CKJIaji B'sDKydoro Bif 3 mo 5%. 3a mimHicTIO Ha cTuck (28-24 MIla)
PO3TJSIHYTI IIEMEHTHI CKJIAZHM OyayTh IMOBHICTIO 3aJI0BOJBHITA BHMOTH JIO MIlTHOCTI
LIEMEHTHUX KOMIAyH/IiB, sika MoBUHHA OyTH Oinbure 4,9 MITa.

2. MilHIiCTh IMTYYHOTO KaMEHIO SK HA paHHIX, TaK 1 Ha Mi3HIX CTaaisIx
3a0e3Meuy€eThCs HASIBHICTIO B CTPYKTYPI JIy>)KHOTO IIIAKOMOP TIAHIIIEMEHTY HACTYITHUX
YTBOpEHb HHM3bKOOCHOBHMX rimpocwmikatiB kaiphito Ty CaO-SiO-H,O (B),
tobepmoputry  CasSicO16(OH)>-nH,O,  mikromity NaCa,Siz0s-(OH), adinity
Ca;3(Si04)(Si02(0OH)2)-2H0, kansuiesoro xouapury (Ca, Mg, Fe?*)s [(Si04):](FOH),
ckaytuty Cas(Si309)2(C0O»)-2H,0 Ta peHTreHOAMOP(PHUX T1IPOATIOMOCHIIKATIB THITY
Na;0-Al,03-2510,-H,0, ToMy mnomanpmn JOCHiKEHHS OyAyThb CHIpsSMOBaHI Ha
BHKOPHCTAHHS IIEMEHTHHX KOMIIO3HMIIiH, IO BMIIIyIOTh MOJIOTHH HUIAK B KiTBKOCTI

80%, MeTacHiiKaT HATPiO B KUTBKOCTI 5% 1 comy B KinmbkocTi 3%.
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USE OF ALKALINE SLAG PORTLAND CEMENT MATRICES FOR
IMMOBILIZATION OF LOW-LEVEL RADIOACTIVE WATER TREATMENT
PRODUCTS

Guzii Sergii

Annotation. The paper presents data on the optimisation of the composition of
alkaline slag Portland cement as a binder for the immobilisation of low-level water
treatment products. Taking into account the technological (sufficiently wide limits of
setting time up to 90 minutes, which makes it possible to prepare a cement-radioactive
solution of the compound) and economic indicators (increased slag content and reduced
alkali content reduce the total cost of cement). The area of the factor space is defined,
which is limited along the X1 axis by the amount of slag from 65 to 80%, along the X2
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axis by the content of sodium metasilicate from 5 to 6% and along the X3 axis by the
content of soda from 3 to 5% in cements. In terms of compressive strength (28-24 MPa),
the considered cement compositions will fully meet the requirements for the strength.

The composition of the neoplasms, which affects the growth of strength, was
determined. Among the hydrosilicate phases, there are low-basic calcium
hydrosilicates such as CaO-SiO;-H,O (B), tobermorite CasSisO16(OH): nH20; pictolite
NaCa3Si30s3-(OH), affilite Cas(SiO4)(SiO2(OH),)-2H,0; calcium chondrite (Ca, Mg,
Fe?*)s[(Si0y)2](FOH),  scoutite  Cay(Sis09)2(CO,)-2H,0;  X-ray  amorphous
hydroaluminium silicates of the Na;0-41:03-25i0,-H>0 type.

Zeolite phases have a high sorption capacity and are an additional factor of
physical blocking of radioactive elements.

DYNAMICS OF CONCRETE TEMPERATURE AROUND LOCALIZATION
AREA OF FUEL-CONTAINING MATERIALS WITH A HIGH URANIUM
CONTENT IN ROOM 305/2 OF THE "SHELTER'" OBJECT (2017 - 2023)

Doroshenko A. O., Mykhailov O. V., 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

The data of temperature measurements of concrete and space around
accumulations of fuel-containing materials with high uranium content in the room 305/2
of the Shelter of the new safe confinement of the Chernobyl NPP Unit 4, obtained with
the using of the expert-research system, were analyzed. The peculiarities of temperature
dynamics formation in different directions of heat dissipation from the zone of FCM
localization with a high uranium content were established. The presence of residual heat
from FCM accumulations continues to be observed, but the fact of a decrease in the
intensity of such heat release is confirmed, and the temperature gradients that provide
cooling are preserved. There is reason to believe that the trend towards a gradual
increase in concrete temperature around the FCM, which took place during 2017-2020,
has changed dramatically. There is no further temperature increase. Almost all control
points show stabilization of the average annual concrete temperature with a weak
downward trend.

Keywords: t, Shelter object, fuel-containing materials, concrete temperature,
regression analysis, correlation coefficient, temperature gradients.

Fuel-containing materials with a high content of uranium are localized in the
place of deep melting of the concrete of the sub-reactor plate (SP) in room 305/2 of the
“Shelter” object of the New Safety Confinement. Access to the environment of this
cluster is not possible. The results of the previously conducted modeling calculations
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allowed us to establish that the uranium content in this cluster is significantly higher
than in lava flows and can range from 30 to 50 wt. %. Boreholes in concrete, the
penetrations of which reach the borders of this accumulation of FCM, make it possible
to control the density of the neutron flow, the power of the exposure dose of gamma
radiation and the temperature at the points of installation of measuring sensors.

The source of up-to-date information on the temperature of the concrete the SP
is the data of measurements performed with the help of an expert-research system (ERS)
created after the commissioning of the NSC-SO complex. As of the end of 2023, the
number of measuring channels (MC) is 22, including: 4 MC of control of the neutron
flow density (NFD); 2 MC of power of the exposure dose of gamma radiation (GDR)
control; 16 MC temperature control. The [ERS database is regularly updated in the
course of its operation according to the program of scientific and technical support at
the stages of commissioning and operation of the NSC-SO complex in terms of
monitoring of FCM.

Within the framework of this work, the results of concrete temperature
measurements obtained using 13 temperature measuring channels were analyzed. The
layout of temperature sensors (TS) in the wells in the projection on the plane of the +9.0
m elevation in the construction axes of the ChNPP Unit 4 building and the coordinates
of their installation are shown in Fig. 1 and Table 1.

Table 1. Location details of ERS temperature sensors (TS)

Item | No | Monitorin | Borehole TS center coordinate — monitoring
No TS g zone legend point*
(room) Elevation, m Axis Line
1 5 304/3 3-9-P +8,9 454400 W 2000
2 6 304/3 3-9-P 18,9 4545400 H.2000
3 7 305/2 10-12-109 +13,1 46+1100 3400
4 8 305/2 10-12-109 +12,9 461200 1900
5 23 305/2 10-12-83 +12,0 4642800 K3000
6 11 305/2 10-9-B +8,8 4512700 Wii100
7 12 304/3 10-9-B +8,8 4512700 W_1100
8 21 307/2 10-9-B +8,8 4512700 Ki2200
9 13 305/2 10-9-b +8,8 46700 W00
10 14 304/3 10-9-b +8,8 46+700 300
11 25 210/5 - +6,5 453000 WM. 1800
12 26 210/5 - +6,5 4541500 W.1500
13 27 210/6 - +6,5 4643100 W.1500

* the construction marks of the Chernobyl NPP Unit 4 building ("Shelter" Object).
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Fig. 1. Scheme of layout of ERS temperature sensors (TS). Designation of other
sensors installed around the area of FCMs cluster with a high uranium content: DU 1,
2, 3 - NFD detection units of the ERS; SA 1, 3, 4, and 13 are sensor assembles of the
IAMS NSMS NSC-SO. Legend of boreholes are given in accordance with the original

Cyrillic notation.

The temperature measurement data were analyzed to determine the dynamics of
the average monthly temperature value at the control points (Fig. 1), to perform
regression analysis, and to construct graphical illustrations using standard Excel 2003
functions. For each control point (temperature sensor - TS), the average annual
temperature value was estimated (Table 2), and the identified trends in the dynamics of
average monthly values (Figs. 2-3) were described by the regression equation (Table 3).
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Table 2. Average annual concrete temperature values at ERS monitoring points (M =+ std)

Sensor Monitoring period
2017 2018 2019 2020 2021 2022% 2023

(room)

TS5

(304/3) 152+1,71169+3,2|120,7+1,2| 21,6 +1,1 [21,7+0,9| 21,2+0,4 | 21,3+0,9
(3TOS4/63) 146+1,3[160+32[197+1,0( 20,7+1,0 |22,0£1,0| 21,4+0,5 | 21,4+1,7
TS 7

(305/2) 17,8+1,5|19,5+3,2|23,1+1,1| 23,8+0,9 (233+1,9| 22,7+1,4 | 219+27
TS 8

(305/2) 16,614 [184+3,1(21,5+1,1| 22,2+0,7 |229+1,8| 224+03 | 222+22
TS23 | 130204 |144449]187218] 193217 |182£2.0| 176406 | 175+23
(305/2)

TS 11

(305/2) 152+1,71169+3,2|20,7+1,2| 21,5+1,0 (21,1 +1,0| 20,3+0,4 | 204+1,0
TS 12

(304/3) 146+13(160+32(19,7+1,0| 20,6 +1,0 |20,1£1,0( 19404 | 194=1,0
TS 21 | g gi06|18243.1(219409] 227209 [222+1.0| 21,6404 | 21,6+1.0
(307/2)

535}3) 17,8+ 1,5 [19,5+32 (23,1 +1,1| 23,9409 |233+1,1| 22.8+04 | 22,7+ 1,0
TS 14

(304/3) 16,614 [184+3,1(21,5+1,1| 22,2+0,7 |21,9+1,1| 21,303 | 21,3=1,0
(;SO%; 151+2,7 [159+3,1[19,0+0,9| 19,908 |19,2+0,9| 18,6+0,2 | 18,6+0,9
(gfofg) 149+2,6 [158+3,1[189+09| 19406 |19,0+0,8| 185+0,2 | 18,4+0,8
(gf(ig) 15,66 +2,3 1163+3,2|19,0+0,9| 19,8+0,9 [192+0,8| 18,6 +0,2 | 18,6+0,8

* - The average value is adjusted taking into account the insufficient statistics of
the measurements, which were started in September 2022, when the employees of the
Instutite for NPP Safety problems were able to continue work in the NSC-SO and the
operation of ERS equipment in the conditions of the Russian-Ukrainian war.

The obtained data indicate that the highest average annual temperature is
observed near the FCM localization zone in the concrete of the SP of room 305/2 (TS
5, 6, 13, 14) and room 304/2(DT 7, 8). The lowest temperatures are in the steam
distribution corridor (TS 25, 26 and 27) and the reactor shaft (TS 21).

The data on the dynamics of the average monthly temperature shown in Figs. 2-
3, provide a complete picture of the peculiarities of the formation of the thermal regime
of concrete of the SP around the boundaries of FCM with a high uranium content during
the research period. The regression analysis data shown in Table 3 quantitatively
confirms that after 2020, the temperature dynamics of SP concrete has undergone radical
changes. The data on the parameters of the regression equations established for the three
monitoring periods are presented to demonstrate how significantly the trend towards a
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steady increase in temperature has changed since 2017. The gradual increase in the
average annual temperature of concrete around the FCM at all monitoring points has
stopped. After 2020 (for TS 5 and 6 after 2021), a relative stabilization of the average
annual temperature is observed with a weak tendency to some decrease (except for TS
8). This statement needs to be clarified, which can be done based on the results of the
research of ERS data in the following years of temperature monitoring. To explain the
causes of the observed phenomena, it is necessary to involve temperature measurement
data from other systems, including those outside the SO, for example, temperature
monitoring data in the main volume of the NSC, as well as weather stations outside the
NSC.

Table 3. Regression equations parameters of the average monthly values of the
concrete temperature, estimated for different monitoring periods

Sensor Parameter of regression equations f(x) =A-x+B

room 2 2 2
( )| Al A Az B B> B2 Rl R2 Rlz
TS5 | 0,0050 | -0,0002 | 0,0027 | -197,4 | 30,8 | -100,3 | 0,65 | 0,007 0,49
(304/3)

TS 6 | 0,0055 | -0,0002 | 0,0033 | -222,3 | 29,8 | -126,0 | 0,74 | 0,002 0,60
(304/3)

TS7 | 0,0064 | -0,0009 | 0,0019 | -257,6 | 62,4 | -61,0 | 0,67 | 0,03 0,23
(305/2)

TS 8 | 0,0060 | 0,0006 | 0,0027 | -239,0 | -3,7 | -95,6 | 0,67 | 0,02 0,47
(305/2)

TS 23 | 0,0076 | -0,0005 | 0,0022 | -312,7 | 42,2 | -79,0 | 0,54 | 0,01 0,22
(305/2)

TS 11 | 0,0068 | -0,0006 | 0,0023 | -277,0 | 46,7 | -81,3 | 0,70 | 0,06 0,38
(305/2)

TS 12 | 0,0065 | -0,0007 | 0,0021 | -264,5 | 50,1 | -75,6 | 0,68 | 0,10 0,37
(304/3)

TS 21 | 0,0052 | -0,0006 | 0,0017 | -206,8 | 51,1 | -54,3 | 0,52 | 0,10 0,28
(307/2)

TS 13 | 0,0065 | -0,0007 | 0,0021 | -262,8 | 55,0 | -69,6 | 0,70 | 0,10 0,35
(305/2)

TS 14 | 0,0060 | -0,0005 | 0,0020 | -239,0 | 45,5 | -65,8 | 0,67 | 0,06 0,35
(304/3)

TS 25 | 0,0056 | -0,0008 | 0,0017 | -226,0 | 55,6 | -56,2 | 0,60 | 0,14 0,28
(210/5)

TS 26 | 0,0053 | -0,0006 | 0,0016 | -211,4 | 45,1 | -54.4 | 0,56 | 0,11 0,28
(210/5)

TS 27 | 0,0050 | -0,0007 | 0,0015 | -200,0 | 49,0 | -47,5 | 0,55 0,12 0,26
(210/6)

Note. The name of parameter index of regression equation corresponds to: 1 - for
the monitoring period of sustainable increase in the average annual concrete
temperature; 2 - for the monitoring period of relative stabilization of the average annual
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concrete temperature with a low tendency to decrease; 12 - for the whole monitoring
period. The unit of measurement x in the regression equation is a day.
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Fig. 2. Dynamics of the average monthly concrete temperature at the locations
of TS 5 and 6
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Fig. 3. Dynamics of the average monthly concrete temperature at the locations
of TS 25,26 and 27
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If we refer to the scheme of the location of the ERS temperature sensors around
the boundaries of FCM clusters with a high uranium content (see Fig. 1, Table 1), we
can conclude that, unfortunately, after the NSC-SO complex was commissioned,
temperature control was restored on a limited scale. The western direction of thermal
energy dissipation into the environment from residual heat release of spent nuclear fuel
in the FCM silicate matrix is not covered by the control at all. However, the coincidence
of the coordinates of the IMS Finish and ERS monitoring points (Table 4) gives grounds
for a limited but sufficiently correct comparative analysis of the identified features of
the temperature dynamics around the FCM localization zone during the monitoring
periods before and after NSC commissioning.

Table 4. ERS and IMS Finish temperature sensors whose coordinates coincide

Monitoring Number of temperature sensors
system
ERS 5 6 | 11 [ 12] 13 14 23 25 27
IMS Finish 5 |51] 8 9 1 60 | 61 | 15(23) | 16(25 | 18(27)

According to the results of preliminary studies, before the NSC arch was moved
and the NSC-OU complex was commissioned, the temperature gradients were estimated
at the following values: for the western and southwestern directions - from 0.60 to 1.68
°C/m; for the eastern direction - from 0.65 to 1.34 °C/m; for the southeastern and
southern directions - from 0.42 to 1.54 °C/m. The highest temperature drop rate was
observed within 2 m of the heat source localization zone. At the same time, compared
to the ambient temperature, the temperature in the central hall changed with a delay of
one calendar month, and the temperature of the concrete of the SP and the ceiling of the
control room - with a delay of two months. As a result, the minimum concrete
temperature was observed in March-April, and the maximum temperature was observed
in September-October.

According to the ERS data during the observation period, it can be stated that
today, under the conditions of NSC-SO operation, the temperature gradients in the
concrete of the containment are still preserved and are in the following intervals: for the
eastern direction - from 0.48 to 0.60 °C/m; for the southeastern direction - from 0.50 to
0.80 °C/m; for the southern direction - from 0.42 to 1.0 °C/m. Unfortunately, it is not
possible to make such estimates for the western direction due to the lack of temperature
monitoring points. In the vertical direction, the temperature gradient in the concrete of
the SP is estimated at 0.2 °C/m. At the same time, the minimum concrete temperature is
still observed in March-April, and the maximum temperature is observed in October-
November. The fact that today the maximum temperature has moved by one month can
be explained by the fact that in the conditions of the NSC sealed building, the heat inside
the Shelter is retained longer and dissipates more slowly into the environment.

Conclusion
The analysis of the temperature measurement data obtained with the help of the
Expert-research system made it possible to determine the peculiarities of the formation
of temperature dynamics in different directions of heat dissipation from the zone of
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localization of FCM with high uranium content under the operating of the NSC-SO
complex.

The results of the research confirm the fact that the intensity of heat release from
nuclear-hazardous clusters gradually decreases over the years, but in the conditions of
the NBK-OU complex, the temperature gradients that ensure their cooling are still
preserved.

There is reason to believe that the trend of a gradual increase in temperature
around the boundaries of the high-uranium FCM in room 305/2, which occurred during
2017-2020, has changed fundamentally. There is no further increase in temperature. At
almost all control points, there is a stabilization of the average annual temperature of the
concrete with a slight tendency towards its decrease, which requires clarification, which
can be done in the following years of monitoring.
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Creoronni B YkpaiHi yepe3 BilicbkoBi Jii BinOyBaeTbcsi mmmpoke (isnune
MOIIKO/KEHHSI €KOJIOTIYHO 4YyTiuBOiI iH(pacTpykrypu. lle icroTHO BmiMBae Ha
3a0py/HeHHs TOBKLLIL, a MacoBi BUKkuAM CO, NMpH BUKOPHUCTAHHI NMaJMBa CHPUSIOTH
3MiHi KiiMaTy. Jlich HeoOXiHi JJIs TOM'SKIICHHS BIUTUBY KIIIMATHYHHUX 3MiH 3aBJISKH
MOTJIMHAHHIO BYIJIEII0, OJHAK BOHHM CTPaXIAIOTh BiJl IHTEHCHBHOI KOMEpLiHHOI
eKCIUTyaTalii d4epe3 HENOTPUMAaHHS 3aKOHOAABCTBA, IO pyHHye MicIeBe
Olopi3HOMAHITTS Ta eKocucTeMu. [IpoOiieMHn TOCHITIOIOTHCS Yepe3 TOIIKOKEHHS i
MOXKEXi, CHOpUIWHEHI OOHOBMMM JMisMH, a TaKOoX depe3 30iIbIIeHHS O0O0CSTIB
JCO3aroTiBIi, 30KpeMa i He3aKOHHOTO BHUPYOYyBaHHS.

22.06.2022 poky €Bpomeiichka KOMICisl NPHHHSAIA HOBATOPCHKI TIPOTMO3HIIL
moa0 BimHOBIEHHA mpupoand €spormu 10 2050 poKy, OCHOBHOIO METOIO SIKHX €
MMOBEPHCHHS IPUPOJIU JI0 BCiX CKOCUCTEM, BiJI JIiCIB 1 CLTBCHKOTOCTIONAPCHKUX YTilb 10
MOPCBHKHUX, MPICHOBOJIHUX Ta MiCHKUX eKocHucTeM [1].

JlicoBi exkocucremu. Jlicucricts Ykpainu craHoBuTh 16,0% mopiBHsiHO 3 43,5%
B €C; HaiiBuia — B PiBHeHCEKII 00sacTi — 36,4%; dKutomMupcekiil, BiqnosigHo, 33,6%;
Bonacekiit — 31,0%. HaiininHinn ocepeiku JlicoBOro OiOpi3HOMaHITTS — JIICH B
[Monickkomy paiioni, Kapnarcbkomy GiochepHOMY 3aIllOBITHUKY JJIsl Y4ePBOHOKHHMKHUX
npencraBHUKIB ¢uopu Ta (ayrm. Jlicm 30epiratoTe TpyHTOBI Ta BOAHI pPECypcH,
3MEHIIIYIOTh aHTPOIIOTCHHE HABAaHTAXKCHHS Ha JIOBKIJUIA Ta CIPUAIOTH aJalTallii 10 3MiH
KIIiMaTy, MalOTh BHCOKY CKOHOMIYHY IiHHiCTh. [IpuponmHi Ta maHgmadTHI MapKu €
ICTOPUKO-KYJIBTYPHOIO CIAIIAHOK0 Y KpaTHH, HACIIKOM SIKOI € PO3BUTOK CKOTYPHU3MY.

3 movatky BiitHE mocTpaxkaano 280000 ra icis, a 600000 ra Hapazi 3HAXOIATHCS
B 30HI OOWOBHX Miifi Ta Ha OKYIIOBAaHWX TEPUTOPISAX, IO € BUCOKHM PH3HKOM IX
3HUILIEeHHS. [lomKomKeHo JicoBe TOCHOAAapCTBO, MAacIUTaOHI TepuTopii 3a0pyaHeHi
BUOyXOHeOe3NeyHUMH 00'eKTaMHM 1 pO3MIHYBaTH iX BaXXKO uepe3 crenudiky
POCIIMHHOTO Ta TPYHTOBOT'O IOKPHUBY B Jicax [2].

IIpu BixHOBJIEHH] JiCOBHX eKOCHCTEM NMPONOHYEMO HACTYNHUN AJITOPHTM
i

- PO3MiHYBaHHS JIiCiB Ta JTICOBUX HAacaJlKeHb;

- OIliHKA BIUIMBY BOEHHHX JIilf HA €KOJIOTIYHUH CTaH Ta iHBEHTapHU3AaIlis JIiCOBOT
IHPPACTPYKTYpH;

- 30UThIICHHS KUTBKOCTI TEIUIHIb JUTS BUPOIIYBAHHS CaHKAHIIB 3 BHUCOKOIO
aJalTUBHOIO 3J]ATHICTIO JIO 3MiH KJIIMAaTYy

- CeNISKIsl JEPEeBHHUX KYyJBTYp JUIS BHKIIOUCHHS HEKOHKYpPEHTHO3IAaTHHX
MOHOKYJIBTYD;

- TeCTyBaHH: IPYHTIB Ta JIICOBOTO (POHY;
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- cucreMa MUPPOBUX JAHUX IJI1 MOHITOPHHTY Ta 3BITHOCTI;

- naHAmadTHINA MiIXia 3 IepeBaror MiCICBUX JISPEBHUX MOPI;

- MIJABUILEHHS LUIICHOCTI Ta CTIMKOCTI HACaIKEHD 10 ITOXKEXK.

Crpareris BiIHOBJICHHH BKJIIOYA€ (pinancoBo-eKOHOMIYHUI,
oprasizauiiiHuii, TeXHOJOTiYHUIi, MPaBOBUii Ta iHpopManilinuii MexaHi3Mu:

- 3amydeHHs rpaHToBuX KomrTiB Bin €C, CIA ta mapTHepiB-moOpaTtuMiB Ha
pealri3aliiro poeKTiB JIOKAIBHOTO Ta PETiOHaIFHOTO PO3BUTKY;

- BUKOPHCTaHHS BHYTPIIIHIX PECYPCiB;

- po3pobKa mporpaM JepKaBHOTO i peTiOHANBHOTO PiBHIB IS JIiCOBITHOBIICHHST;

- 3aKOHO/IaBYMI KOHTPOJb HAJ HE3aKOHHUM BHUPYOYBaHHSAM Ta AErpajallieio
JCOBOT €KOCHUCTEMU;

- IHHOBAIiifHI TexHoJOTrii y WiANpUEMCTBAa JAepeBooOpoOHOi, MebIeBol
IIPOMHCIIOBOCT;

- «KacKaJHe» BUKOPHCTaHHS JEpPEeBMHM — CIIOYaTKy Juisi OyJIiBHHULTBA,
BUT'OTOBJICHHSI MeOJIiB, OTIM Micis NepepoOKy ii CHairoTh U OTPUMAaHHS eHeprii
a00 3aKJIaJaloTh B IPYHT SIK KOMIIOCT;

- PO3BHTOK peKpealiifHO-TypUCTUYHOI IHYPACTPYKTYPH.

JlirepaTypa

1. https://ecolog-ua.com/news/green-deal-novitni-propozyciyi-shchodo-
vidnovlennya-pryrody-yevropy-do-2050-roku

2. https://doi.org/10.51599/i5.2023.07.01.02

Abstract

The strategy of forest infrastructure greening and its restoration in the conditions
of the post-war period includes financial and economic, organizational, technological,
legal and informational mechanisms:

- demining of forests and forest plantations;

- assessment of the impact of military actions on the ecological state and
inventory of forest infrastructure,

- increasing the number of greenhouses for growing seedlings with high
adaptability to climate changes;

- selection of tree crops to exclude uncompetitive monocultures,

- soil and forest testing;

- digital data system for monitoring and reporting;

- a landscape approach with a preference for local wood species;

- increasing the integrity and resistance of plantations to fires.
attraction of grant funds from the EU, the USA and sister partners for the
implementation of local and regional development projects;

- use of internal resources;

- development of state and regional programs for reforestation,

- legislative control over illegal felling and degradation of the forest ecosystem;

- innovative technologies at woodworking and furniture industry enterprises;

- development of recreational and tourist infrastructure.
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PRODUCTION OF NANO- AND MICRO POWDERS AND COMPOSITES
FROM RADIOACTIVE WASTE FOR THE SPACE INDUSTRY
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Abstract: Taking into account modern technologies in the mining industry and
in the processing of industrial waste, we propose to reprocess cemented low- and
intermediate level radioactive waste by extracting all chemical compounds from them.
Because of the low cost of space flights in the near future, we propose to use chemical
compounds, extracted from radioactive waste, in the production of space electronics and
structural materials for automatic space probes and rovers. At the same time, since nano-
and micro powders, as well as composites with these fillers, are widely used today in
electronics and technology, including in the space industry, the production of
radioactive powders and composites will provide new scientific results in the field of
materials science and solid-state physics, since nothing is known today about the
properties of radioactive powders and composites containing radioactive sources inside.

Keywords: radioactive powders, radioactive composites, radioactive devices,
radioactive waste, disposal, space industry.

1. Introduction

Disposal of radioactive waste (RW) remains a current and largely unsolved
problem due to the increasing volumes of this waste and the continuing threat of leakage
of radioactive contamination into the environment at RW storage sites. The time of
disposal of RW at disposal sites, ranging from several hundred to thousands of years,
remains questionable due to the lack of practical experience of mankind in such long-
term control of hazardous objects. No state has existed for so long without the
destruction of its industry and economy due to wars, crises and revolutions. The ever-
increasing amounts of RW remain as a legacy for future generations, onto whose
shoulders we shift the solution to the problem of radionuclide leaks into the
environment, protection and monitoring of RW storage facilities. And all this against
the backdrop of growing terrorist threats. The latter will inevitably increase due to the
trends already observed today in  coalition of terrorist organizations with drug
trafficking, which gives terrorists huge financial profits [1], and this will inevitably give
access to weapons of mass destruction [2]. The main method used by terrorists to
influence the authorities and the population is fear. The more dangerous weapons
terrorists possess, the greater the effect will be achieved. It is necessary to take into
account the peculiarities of the psychology of modern terrorism. Participants in terrorist
organizations are represented mainly by mentally ill people, with an inferiority complex
and poor people trying to solve their material problems and improve their social status
through criminal methods [3]. Today, the number of such citizens is growing
catastrophically around the world due to escalating international conflicts, the
development of scientific and technological progress, accompanied by the emergence
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of distorted spiritual values [4], [5], which indicates the inevitable increase of terrorism
in the future. The presence of a “dirty bomb” in the hands of terrorists can be eliminated
if we begin now to solve the problem of disposing of RW into space using
unconventional methods.

In the mid-20th century, the idea of sending RW into space as passive ballast
arose, but it was abandoned due to the high cost. Now the cost of sending a payload into
space has decreased several times and is about $1500/kg compared to $6000/kg in the
1960s [6]. If the Starship project is successfully completed, the cost of sending a payload
will be about $200/kg [6]. Given the further decrease in the cost of space flights, the
question arises about the possibility of sending RW into space as a payload. That is,
taking into account the current level of technology development, is it possible to
consider RW stored in cemented and vitrified form as an artificial rock from which we
can isolate all the main chemical compounds that could be used for the manufacture of
devices and structural materials for spacecraft?

Since space equipment is designed to operate under the influence of ionizing
radiation, the presence of the equipment's own radioactivity should theoretically not
disrupt its operation. The idea of using radioactive silica and silicon, extracted from
cemented and vitrified RW, for the creation of space electronics was expressed in [7].
Since scientific research studies the properties of the radiation resistance of various
materials (semiconductors, dielectrics, metals) under the influence of external
irradiation, information about the properties of these same materials, but containing
radionuclides inside them, would be a completely new scientific and technical result.
The production of radioactive powders of various levels of dispersion would also be a
new result from a scientific and technical point of view.

2. Review of modern technologies

To immobilize low- and intermediate-level radioactive waste (LLW, ILW),
cementation is used, and for high-level radioactive waste (HLW), vitrification is used.
When cementing RW, Portland cement is mainly used, the composition of which is as
follows, wt.% [8]: 65 — CaO, 23 — SiO,, 8 — AlLO3, 4 — Fe;Os. During vitrification,
various glasses are used - aluminophosphate, borosilicate, aluminosilicate, etc. One of
the most common is borosilicate glass with the composition, wt.% [9]: 47 — SiO,, 24 —
Nay0, 12 — B,0s, 10 — Ca0, 5 — ALOs3, 2 — TiO,. The amount of radioactive waste
encapsulated in cement is up to 30% by weight, in glass - no more than 20% [10]. During
the storage of RW, radionuclides migrate into cement or glass and the matrix containing
the RW also becomes radioactive. Let us assume that we have the technology for
extracting these compounds from radioactive waste. Where can these compounds be
used in space industry?

CaO, Ca: From [11] it is known that the addition of CaO nanoparticles (0.5-1
wt.%) to the Mg-1Zn alloy improves its mechanical and anti-corrosion properties, and
magnesium alloys are used in the aerospace industry [12]. In addition, the addition of
Ca (0.6-1 wt.%) to magnesium alloys (ZAX421, ZAX422 alloys) not only improves
their mechanical properties, but also increases their ignition temperature [13].

Si02, Al2Os: Silicon dioxide is the main source of silicon for electronics. In
addition, SiO; nanoparticles themselves are used in the space industry [14]. In particular,
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Si0; is used in polymer composites for thermal control coatings of spacecraft [15].
Alumina ALOs in the form of sapphire is widely used in electronics due to its high
hardness, good electrical insulating and optical properties, in particular, in SOS (silicon
on sapphire) technologies that are used in space industry [16].

Fe203: In radio electronics, polymer composites with fillers made from a mixture
of alumina and hematite are used [17]. Hematite is the main ore of iron. Iron-based
alloys are used in space industry, such as Incoloy MA956, PM2000, etc. [18].

Na, Ti, TiO2: Alloys based on the Al-Si, Al-Si-Mg systems, which are used in
space industry, are modified with sodium additives in amounts up to 0.1 wt.% and Ti —
up to 0.05 wt.% to improve ductility [19]. Titanium alloys are used in space technology
[20]. A composite with a matrix of vinyl methyl silicone rubber and a TiO filler is used
as protection against gamma radiation [21]. The space industry uses NaS batteries in
flying vehicles [22] and plans to use them on future rovers [23].

B, B20s3: Boron oxide is used to produce boron, boron carbide, boron nitride.
Boron, boron nitride and boron carbide fibers are used to strengthen metal composites
in space technology [24], [25]. Additions of boron and boron carbide to aluminum alloys
are used to reduce the radiation permeability of the alloy to neutron and gamma radiation
[26].

By treating cemented and vitrified RW as an artificial rock, we can apply mining
technologies to extract the above compounds. Or we can apply technologies for
recycling industrial and household waste - ash and slag. A review of these technologies
is given in [27]. We shall complement them here with a few examples.

The rock-forming minerals of kaolin clays are kaolinite and quartz. Chemical
composition of the original clay (wt.%): 69.4 — SiO», 21.4 — AL,O3, 3.2 — Fe,03, 1.8 —
Ca0, 0.8 — MgO, 0.6 — Nax0, 0.7 — K»0, 1.2 — TiO, [28]. To separate alumina from
this aluminosilicate, the clay is treated with sulfuric acid at a temperature of 280°C for
90 min. Next, it is treated with water at 90°C for 30 minutes and the resulting pulp is
filtered. The filtrate is treated with lime, the precipitated aluminum hydroxide is
separated and heated to 1100°C. The hydroxide decomposes into aluminum oxide with
a purity of up to 98.5%.

Ash and slag waste from coal combustion at thermal power plants contains
(wt.%) [29]: 2.54 — Ca, 27.16 — Si, 14.12 — Al, 5.34 — Fe, 0.52 — Mg, 0,67 — Ti, and
others. The technological procedure for extracting of silicon and alumina is as follows:
grinding, magnetic separation to obtain hematite concentrate with a purity of 50%, the
non-magnetic charge is dried, fired, treated with hydrochloric acid, filtered to obtain
silica in the sediment, which is washed and dried (commercial SiO, has ultimately 99%
of purety), and the solution with AICIl;s is crystallized, thermally decomposed and
metallurgical alumina grade G-0 is obtained (suitable for producing Al).

Slags from the processing of copper-nickel raw materials contain (wt.%) [30]:
37.5 - Si0y, 38.5 — FeO, 7.94 — MgO and 0,4 — sums of copper, nickel and cobalt. To
extract silica and iron, the slag is crushed to a size of less than 80 microns, treated with
10% sulfuric acid at 20°C for 1 hour, dried at 50°C and then in drying cabinets at 250°C,
the resulting gel is washed with water and ferrous sulfate is separated from SiO,. The
silica is further washed with 20% hydrochloric acid at 60°C for 15 min, obtaining silica
with a purity of 93%.
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Theoretically, these technologies can be transferred to the processing of RW,
taking into account that all operations must take place indoors to prevent leaks of
radioactive dust generated during the grinding of RW into the environment. Since only
part of the RW encapsulated in the original matrix will be transferred into the
compounds, discussed above, extracted from mixture RW and cement, the remainder is
planned to be mixed in small portions with non-radioactive charge used for the
production of structural elements and parts of automatic spacecraft. That is, it is
necessary to consider the residue of RW as a modifier for metal alloys or composites
used in the space industry. Since the residue will contain a wide range of chemical
elements, the amount of radioactive waste added to a non-radioactive charge, to a metal
melt, etc. is selected in each specific case.

It should be especially noted that the production of radioactive powders of
varying degrees of dispersion with the subsequent study of their properties is in itself a
new scientific and technical problem, which has not been considered anywhere before.

Let us consider a 200-liter barrel for storing cemented LLW or ILW. The mass
of such an empty steel barrel is 47 kg [31]. Let us take the density of concrete for
encapsulating RW equal to 3500 kg/m?® [32], not taking into account the difference
between the density of radioactive waste and the density of cement, the mass of
cemented waste is then my = 700 kg (or myn = 747 kg together with the barrel). Let the
specific activity of the compound (a mixture of cement with radioactive waste): Ary =
10® kBq/kg. Because the mass of radioactive waste encapsulated in cement does not
exceed 30% of the mass of cement, then the mass of radioactive waste in the barrel: myy,
~ 210 kg, weight of cement: mcem =~ 490 kr. Let us assume that we have been able to
extract the main components of radioactive cement:

- silica SiO, weighing 23% of meem: msio2 = 113 kg. Let the purity of the
extracted silica be 98%, then 2% of its mass is radioactive waste: mry _sio2 = 2.26 kg.

- alumina Al,O3 weighing 8% of meem: maio = 39.2 kg. Let the degree of
extraction of the isolated alumina be 98%, then the mass of radioactive waste in it is:
Myw AlO= 0.8 kg.

- hematite Fe;O3; weighing 4% of meem: mreo = 19.6 kg. Let the degree of
hematite extraction be 86%, which we take from the possibilities of processing tailings
dumps of an iron processing plant for the extraction of iron from ferruginous quartzites
[33]. Then the mass of radioactive waste in hematite is: mny reo = 2.75 kg.

- quicklime CaO weighing 65% of mcem: mcao = 319 kg. Most likely, when
processing radioactive waste, they will immediately obtain calcium, but let us assume
that the yield of CaO is approximately equal to the yield of calcium - 90% when it is
obtained by the aluminothermic method [34]. Then the mass of radioactive waste in
calcium oxide is: mw ca0~31.9 kg.

As a result, the remainder we get: Mres = Mrw — (Mrw_si02 + Mrw_Al0 T Mryw Feo +
M cao) = 172 kg of radioactive residue. A steel radioactive barrel, into which
radionuclides diffused during the storage of radioactive waste and its own activity was
also induced, melts and mixes with metal alloys used in space industry. It is also possible
to obtain iron radioactive powders of various dispersion from this steel.

Let us assume that isolated radioactive chemical compounds and elements are
mixed with non-radioactive analogues to reduce the specific activity to the level of waste
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removed from regulatory control or to the level of very low-level waste VLLW
according to classification abroad. That is, for example, radioactive silica with
inclusions of radioactive waste is mixed with non-radioactive silica and the resulting
mixture is then used in the production of materials for space equipment. The radioactive
residue inevitably must be mixed with a non-radioactive charge as a modifier, which
will either improve the properties of future materials or at least not worsen their
properties.

Today, composites and alloys for space applications have been obtained that are
resistant to radiation and even improve their properties when irradiated. Thus, a
composite of a polypropylene matrix and a filler of Fe;O3 powder (7% by weight of the
matrix) is resistant to radiation (its electrical conductivity does not change at large
absorbed doses) and is used in electronics [35]. Radiation strengthening of SiO; quartz
glasses up to absorbed doses of 1 MGy and an increase in the strength of a composite
with a quartz glass filler after irradiation with a dose of 10° Gy were observed in [36].
In [37], strengthening of aluminum-magnesium alloys under low-intensity electron
irradiation was observed. In [38], it was found that gamma irradiation with doses up to
10* Gy has no effect on the thermoelectric properties of the SiGe alloy, and damage
from neutron irradiation with doses up to 10'° n/cm? is neutralized by heating the
material. And so on. The creation of radioactive analogues of radiation-resistant
materials will be a new scientific and technical result and direction. Since work with
radioactive materials is robotic, it is of interest to create radioactive structural materials
for robots working with RW.

Let us calculate how much non-radioactive charge is needed in order to obtain,
after mixing the radioactive waste with it, a material with an activity corresponding to
waste removed from regulatory control or corresponding to the activity of VLLW
abroad. Let the total mass of RW my, = 750 kg, its specific activity An, = 10® kBq/kg
(LLW), the final activity should be A = 10° kBq/kg (corresponds to the activity of
VLLW). We also take into account that a steel barrel of RW, with the same specific
activity A, is melted down and added to the non-radioactive alloy in the form of a melt.
Let us denote the mass of non-radioactive material (charge) as mo. Because the total
activity before and after mixing should be the same, then from the formula:

A-(Mpyw + Mp) = MywArw

we find mo: mg = mrw((Arw/A) — 1) = 74 tons. Let us assume that the entire
automatic space installation that will need to be launched into space can be made from
this very low-level radioactive material. Then this mass mp is less than the payload of
the future Starship carrier, which is 100 + 150 tons [39]. That is, one Starship launch
can dispose of two containers with LLW. Since 2010 there have been 334 Falcon9
launches with a 23 tons payload, 46 Dragon launches with a 6 tons payload, since 2018
year 9 Falcon Heavy launches with a 64 tons payload [40]. Assuming that the cheap
Starship will be no less in demand, we can assume that 11 recycled LLW containers will
be sent into space as a payload within 15 years. We assume that with the development
of technology, the volume of recycled LLW launched into space will grow
exponentially.
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We can apply the same calculation for ILW (A, = 10'' kBq/kg) assuming a
decrease in specific activity by two orders of magnitude and find the same mass of non-
radioactive material of 74 tons for mixing with ILW.

Before applying any technology to RW recycling, it is necessary to test this
technology with non-radioactive material mixed with RW simulators - non-radioactive
atoms of cesium, cobalt, manganese, etc. Having received information about the
distribution of simulators in the final products, the rates of chemical reactions, side
processes, etc., it is possible to estimate the final specific activity, the volumes of the
initial non-radioactive charge, etc.

3. Quantitative cost estimates

Let us estimate the cost of processing one container of LLW (mass is around 750
kg, volume is 0.2 m?), provided that the cost of sending the Starship payload is expected
to be 200 $/kg [6]. The cost of disposal (capital and operating costs) of long-lived LLW
(and ILW) in Belgium is 235 thousand $/m? in 2009 prices [41] or $47000 for one 200-
liter barrel, or 63 $/kg. Taking into account inflation, this cost already exceeds $100/kg.
The cost of disposal of non-heat-emitting LLW and ILW in Germany at 2016 prices is
$12320/m> [41] or $2460 for one 200-liter barrel, or $3.3/kg. That is, the average in
Europe is $33/kg, or taking into account inflation is about $50/kg. Considering that the
burial time of LLW and ILW is 300 - 500 years and more than a thousand years for long
living LLW and ILW, and the cost of sending a payload decreases by 4 - 5 times over
50 years [6], [42], we assume that by the end of this century the cost of disposal of 1 kg
of LLW and ILW and the cost of launching the same mass into space will be equal.

The cost of HLW disposal in Belgium in 2009 prices is $3.03 million/m? [41] or
$607 thousand for one 200-liter barrel. Let us take the density of the vitrified HLW equal
to 2500 kg/m? [43], then the mass of a 200-liter barrel is 500 kg. As a result, the cost of
HLW disposal in Belgium is $1200/kg. The cost of HLW disposal in France in 2012
prices is 470 thousand $/m? [41] or 94 thousand $ for one 200-liter barrel, or 190 $/kg.
On average in Europe, we will get $1350/kg. That is, already now the cost of burying 1
kg of HLW and launching into space the same mass of cargo is approximately equal
[42]. But in this case, the HLW will be passive ballast.

For prices for disposal of spent nuclear fuel we have [41]: Canada — 170 $/kg
(2015 prices), Spain — 340 $/kg (2009 prices), Czech Republic — 270 $/kg (2009 prices),
Sweden — 350%/kg (2009 prices), Finland — 770$/kg (2017 prices). The world average
is $380/kg. It turns out that the cost of burying 1 kg of spent nuclear fuel is comparable
to the cost of launching 1 kg into space on a Starship carrier [6]. But again, spent nuclear
fuel will be passive ballast.

Since in the production of structural materials is now widely switching to
additive technologies, where the initial raw material is powder, we will estimate the cost
of recycling of cemented LLW and ILW based on the cost of the final product: micro-
and nanopowders of CaO, SiO», Al,03, Fe;03. Prices from [44] for nanopowders ($/kg):
2500 — CaO, 140 — SiO,, 320 — Al,O3, 330 — Fe,03; for micropowders: 14300 — CaO,
360 — Si0O,, 470 — ALLO3, 300 — Fe 0. Averaging, taking into account the percentage
composition of each chemical compound in the cement mixture, we get $1390/kg. That
is, the cost of producing 1 kg of powders from LLW and ILW is comparable to the cost
of sending 1 kg of payload into space on modern carriers [42].
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For the prices of powders that could be obtained from the vitrified HLW, we
obtain from [44] for nanopowders ($/kg): 140 — SiO», 4740 — B,03, 2500 — CaO, 320 —
AlLO3, 460 — TiO»; for micropowders: 360 — SiO», 14300 — CaO, 470 — ALL,Os, 254 —
TiO,. Averaging, taking into account the percentage composition of chemical
compounds in glass, we get $1270/kg. The same result as for LLW and ILW, but we
must understand that processing HLW will cost significantly higher than for LLW and
ILW.

4. Conclusion

In this work, we came to the conclusion that with the launch of Starship, sending
1 kg of HLW or spent nuclear fuel into space as passive ballast will be cheaper than
storage them at disposal points. The cost of disposing of LHW and spent nuclear fuel
has already become equal to the cost of sending 1 kg of cargo into space on modern
carriers (Falcon9), which has not been indicated anywhere before. Reprocessing of the
LLW and LLW, and with the development of technology in the future, spent nuclear
fuels and HLW, in order to obtain radioactive powders and composites based on them,
is advisable now for several reasons. Firstly, we get a new material with unknown
properties. Secondly, we ensure the safety of future generations for hundreds and
thousands of years to come from man-made disasters and terrorist attacks by creating
radioactive equipment for working in space. Also, this will reduce the amount of RW
that needs to be stored at disposal points and reduce the number of created radioactive
waste disposal points and ultimately reduce them to zero.
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[UP®POBUI MACIIOPT OB’€EKTA JTOBKLLIA 1151 KOHTPOJIIO
MMPOLECIB BITHOBJIEHHA Y PA3I 3ABPY/IHEHHS

Kpsascuu Onvea,’ Koéanenxo Onexcanop’

! IncTuTyT TenekoMyHikauiil i r06aNIbHOrO iHPOPMALIHHOTO MPOCTOPY
HAH Vkpainu, M. KuiB, Ykpaina,
2IucturyT aaepHux gocuimkens HAH Vkpainu, m. Kuis, Ykpaina,
economconsult@gmail.com

AHoTAanis. 3anponoHOBaHO HOBHUH MiJXi IO PO3YMiHHS IH(POBOTO MACIOPTY
00’€KTa MTOBKUIISA, 3alpOIOHOBAHO IHCTPYMEHT /JIsi OIEPATUBHOTO CTBOPEHHS
mudpoBuX macnopTiB. Taki eJIeKTPOHHI MacIOPTH HECYTh B co0i He nuIe 3i0paHy Ta
cHUCTeMaTH30BaHy iH(poOpMalifo, a i cepBich I 00poOku iHpOpMarii, TPOBEACHHS
OTIEPaTHBHOTO MOJICNIOBAHHS, BIACTHIAKOBYBaHHI Miff IHIIMX JOCTITHHUKIB, MIO
NPaLIOIOTh HAJ CIIIBHOKO 33/1a4CIO.

B po6oTi Oys10 mpeacTaBieHo MiAXig A0 peaisallii TaAKOro iHCTpyMEHTY Ha BeO-
ruaTdopmi, orrcaHi OCHOBHI 0COOJIMBOCTI peatizalii. A TakoX Io/1aHa JIoTiKa MiJIX0Ly
10 QopMyBaHHS €JIEKTPOHHOro macnopry o0’ekta JoBkiul. s kopucryBaua
IHCTpPYMEHTY NacnopT mpeAcTaBleHUi sk ¢opma, B sKii 3a rpadamu BHeceHa
iHpopMmaris y Burisiai html-madioHy 3a KoXXKHAM THIIOM 00’ €kTy. [lepBuHHMI mabiioH
JTO3BOJISIE TIEPEXOMUTH 3a IMCHTHU(IKATOPOM 10 OuIbll MmOriuOiieHOi iH(opMarii 3a
OKpEeMHMH IIyHKTaMH a00 OTpPHMYBaTH JOBIIKH MLIOAO OKPEMHX IO3MIIH 3
PO3MOALICHOTO 0aHKY JaHUX YH MEPEXi B HiJIoMy. B 0a3i macrmopTiB OkpeMuii macnopT
sIBIIsIE cO00r0 TabNMMUHY (opMy, Iepexia J0 SKOi 3MIHCHIOETHCS 32 iIeHTH(PIKATOPOM.
InenTHdIKaTOpP pPEaTi30BaHO 32 OHTOJOTISIMHE 3 IIPEIMETHOI 00IaCTi TOCIIIKESHHS.

Ha ocHOBI 3amponoHOBaHOTO TPHBA€E POOOTA 3 peaizallii UPPOBOro MACIIOPTY
U KOHTPOJTIO TIPOIIECiB BiJHOBICHHS B PaMKax MiATOTOBKH J0 POOIT 3 TOBKIUIAM Ha
JICOKYIIOBaHUX TEPUTOPIAX YKpaiHH.

Exorua B Ykpaini, moB’si3aHnil 3 TOBHOMACIITAOHUM BTOPTHEHHSIM, TIPU3BiB J0
3HaYHUX BTPAT POCIMHHOIO Ta TBAPHHHOTO CBITY, 3a0pyIHEHHS IPYHTIB, BOAM Ta
MOBITPS, UIA BiJHOBJIEHHS SKUX OyAyTh MOTPiOHI HOBI TEXHOJOTIl, MIAXOAU Ta
KOMIUIEKCHI METO/AM BHpilleHHs mnpobiemMu. B mpomy mocminnHukaM Ta (axiBIsIM B
rajgy3i eKosiorii Mo)ke JOINOMOITH HOBHI IHCTpyMEHT 00poOkm iHdopmamii, 1o
JIO3BOJISITUME CTBOPIOBATH €JIEKTPOHHI MAcHOpPTH 00’ €KTa JOBKULIA, SKHH MOTpedye
BiJHOBJICHHSL.

[Tix macmoproM 00’€KTy 3apa3 pO3yMiIOTh CTHCIY iH(pOpMaLis Mpo 00’eKT
JIOCITIIPKEHHS, HOTO XapaKTEePHUCTHKH Ta BIACTUBOCTI, siKa OyJia IIpeICTaBIeHa Y BUTIISII
CTPOTO CTPYKTYPOBaHO{ TaOJIHII.

3a pe3ymbTaTaMH JAHOTO JOCTIMKEHHS IPOMOHYETHCS PO3IIISATH MAaCHOpPT
00’ekTa JOBKIUIA SK I1HCTpyMeHTH o00poOkm iHdopmamii 3 Meroro 360py,
cucTemMarm3allii, kimacudikamii JaHWX, TOPIBHAHHS, AHATITHKH 1 TPEICTaBICHHS
nepepobieHol iHgopmarii Ha 3arai I Bisyatizamii Ta moaaisiioi poOOTH 3 HEIO.
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[To anamnorii 3 nopranom «Tputiii Ha mIaHeTi 3eMiIs», O PO3POOIBCS paHille,
NPOTIOHYEThCS  BUAUIATH iH(GOpMAIIO [ BHYTPIOIHHOTO KOPUCTYBaHHS Ta
30BHIITHLOTO TPEACTABJICHHS — TOOTO, PO3KPUTTS TIEBHOI €KOJIOTIYHOI iH(GopMaIii st
iHpOpMyBaHHA T'POMaJSiH NPO HACIIJIKW Ta MPOLECH, IO BigOyBalOThCS B JIOBKULII
3TiTHO JIF0YOTO 3aKOHOJABCTBA Ta pO3MEXYBaHHA 3 pobouoro iH(opmartiiero,
HEOOXiTHOTIO /ISl MPUHHATTS PillleHb Ta TOCIiKEHb Y chepi eKoIoTigyHO1 Oe3meKH.

st ctBopeHHs IM(POBOTo NMAacHopTy 00’ €KTa JTOBKIJUISI BUKOPHCTOBYIOTHCS TPH
IHTETpOBaHI TEXHOJOTIl: «KIIE€HT-CepBep»; CIUIPHOTO BHUKOPHCTAHHSI pECypciB B
rIo0aNbHIX MEpeXax; YHIBEpCAIbHOTO KOPUCTYBANBHUIIBKOTO CIITKYBaHHS y BUTIISII
BHYTPIIIHBOI CHCTEMH ITOBIJOMJICHb.

OcHOBHHUI minxig 10 peanizamii Takoro IHCTPYMEHTY JUIS CTBOPEHHS
SJIEKTPOHHOTO MaclopTy ©a3yeTbCsi Ha HACTYIHUX HOJIOKEHHAX: (OPMYETHCS
posmoineHnit 6aHK TaHMUX Ta peai3yeThesi HU3Ka cepBiciB [1], mo Oyna po3pobieHa
panime s caidty «TpuTiii Ha ulaneti 3emisi», a came — 3D MozenoBaHHS TOBEPXHI
JIOCTIDKCHHS (SIK TIPaBWIIO, 1€ CKJIAHA TepecideHa MiCIeBICTh ab0 MICIEBICTH 3
MPOMHUCIIOBOI0 Ta  IHPPACTPYKTYPHOIO 3a0yOOBOIO), JONATOK JJISI MOHITOPHHTY
TEeMIIEpaTypHUX KOJMBAaHb Ta JOJATOK 3 MOJICNIOBAaHHS PO3MOBCIOKEHHS JEsSKOl
He0e3IeYHO1 PEUOBHHH 32 HI3KOIO TapaMeTpiB, SKi IIOIEPETHBO BBOIATHCS 10 TaOIHIb
0a3m MaHWX CHCTEMH a00 BHKOPHUCTOBYIOTBHCA i3 PO3MOAUICHOTO OaHKy HaHUX. B
MIEPCIIEKTHBI TUIAHYETHCSI TAKOXX BUKOPHCTOBYBATH TEXHOJIOTI] MITYYHOTO IHTENIEKTY
IUTS JOAAaTKOBOTO MOUTYKY HE0OXiTHOT By3KOCTIPSIMOBAHOI iH(pOopMarii.

Jnst kopucTyBaya iHCTpYMEHTY HAcHOpPT MpeJCcTaBiIeHud K Gopma, B siKiil 3a
rpadaMu BHeceHa iHMopMalis y BUIsiAl html-ma6noHy 3a KOXKHUM THUIOM 00’€KTY.
IlepBuHHMIT 1IA0MIOH O3BOJSE TEPEXOTUTH 3a ifeHTH]IKaTOpoM g0 OUIBII
nornubieHol iHdopmanii 32 OKpeMHMH NyHKTaMH a00 OTPUMYBAaTH JOBIIKH ILOJO
OKpEMHX MO3HLiH 3 pPO3MO/IIJIEHOr0 OaHKY JaHWUX YM MEpeXi B LitoMy. B 6a3i nacnopris
OKpEMUIl MaCTIOpPT SABJISIE COO00 TaONMMIHY QOpMYy, ITEepexin 0 SKOi 3MIHCHIOEThCS 3a
ineHTH(ikaTOpoM. IneHTrdikaTop peanizoBaHO 3a OHTOJIOTISIMU 3 TIPEIMETHOI 00JI1acTi
JOCIIIPKeHHS.

CrBopeHwmii mactopt 00’ e€kTy Ha BeO-cepBici 00poOku iHpopMarii peari3yeTbes
Ha okpemiii cropinni HTML 3 Bukopucranusam ctumo CSS Ta emementiB JavaScript.
Bapro 3a3HauunTH, 110 iHGOPMAIiO Ul KOPUCTYBaviB IHTEPHETY MOKHA MPEJICTaBUTH
y TpamuuifiHomy Buriimi Wiki-ctopiHok. lle mo3Bonsie BHKOPHCTOBYBAaTH Taki
CTOPIHKH B TOJANBbIIOMY y TPUBATHHUX Ta IyONiYHMX Oa3axX 3HATH, B TOMY YHCII,
peani3oBaHMX y BEIMKHX XMapHHX 0a3axX 3 JOTPUMAaHHSIM BHMOTI JI0 CTPYKTypH3alii
iHpopmauii Ta 11 mocriitHo1 akTyanizauii. Wiki-cropinka BMimiae B cede, aekinbka <div>
OIOKIB: OJIOK-3arOJIOBKY, OJIOK-TEKCTy Ta ONOK-Tabmuili. Biok-3aronoBky, yTpumye
CTPYKTYpPY 3arojioBKy, Ta OCHOBHI JaHi i1 HACHiAyBaHHs iHIIUX OJIOKIB. Biok-
TaOJIHIIA, sIKa € OJTHUAM 3 HAallBAXKIMBINIUX OJIOKIB, Bi0OpaXkae CTHUCITY iHPOPMAIIIFO PO
oOroBoproBaHmii 00’€KT. BIIOK-TekCcTy TpencTaBiIeHWN Yy BHUDIAOI a03amiB  Ta
Mi/[3ar0JIOBKIB, SIKI CTBOPIOIOTH CTPYKTYPY JOKYMEHTY, BIAINOBIZIHO 10 KOPOTKHX
BIZIOMOCTEH, MPEJCTABICHUX Y MACHIOPTi 00’ EKTY.
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B sikocti mkeperna ais cucteMarusanii Ta CTpPYKTypH3anii JaHUX, SK THX, IO
BHKOPHCTOBYIOTBCS B cepBici 00poOku 3actocoBaHo JlepkaBHUH Kiacudikatop
VYkpainu «Knacudikarop cucTeMu Mo3HadeHb OJMHHIb BUMiPIOBAHHS Ta 00JTiKy». J{ist
CTBOPIOBAHOT CUCTEMH OOpaHi KIIFOUOBI €JIEMEHTH: MHOKHHH OJWHHIG BHUMipIOBaHHS
JUIA BUOOpPY 31 CHHCKY Ta OXWHHII OONIKY Ui BHOOpY 31 CIHCKY NPH IO3HAYEHHI
MTOKA3HUKIB (K PO3PaXyHKOBHX, TaK 1 CTATUCTHYHUX).

B minomy 3a migcyMkamu npoBeneHOi poOOTH MOXHA 3pOOMTH HACTYIHI
BHUCHOBKH:

1) Meromomnorist moOyaoBu Beb-cepBicy 00poOku iHpopMarii anpoboBaHa mpu
CTBOpPEHHI BeO-1opTaiy npoekty « Tpuriit Ha rutaHeTi 3emis.

2) PeanizoBaHi MO/ieNi Ta aNTOPUTMH, 3aIATCHTOBAHUHN CITOCIO AOCIipKEHHS [2],
TaKOX BUKOHAHA peaizallis OKpeMuX OJOKiB 11l 00poOkH iHpopMaii.

3) IlpomoHnyeTbest po3rmagaTé UUGPOBHH TAacHopT 00’€KTa NOBKULIS HE Yy
BUTJISII BUXiTHOT iH(pOpMAIlii, a K IHCTPYMEHT, SIKH{ JI03BOJISIE IPOBOAUTH OOPOOKY
iHpopMamii Ta MEepBUHHE MOJEITIOBAHHSA MOXIIMBOTO PO3BHTKY monii. Lle mixBumrye
OTIePATUBHICTh POOOTH (axiBIiB, SAKI MPAIOIOTh HAJ MpoOIeMaMH BiIHOBICHHS
JIOBKIJUIS MICJIsl KaTacTpod Ta BIHCHKOBUX AiH.

Cnucok BUKOPHCTAHOI JiTepaTypu

1. CsimourBo mpo peecTpamlilo aBTOpchkoro mnpaBa Ha TBip Ne 67750
«Komm’rorepra mporpama 3 peamizamii cnocoOy ommcy 3a0pyaHeHoi Tepuropii
«Bumagkoa Touka» («Bumagkosa Touka (Random point)»). Apropu: Kpsoxma Omsra
Onekcanzapiua, Kopanenko Onekcanap Bacunbouu. Jlara 3asBku: 12.07.2016. Jlata
peectpaii: 12.09.2016.

2. Kpsoxma O.0., KoBanenko O.B. Croci6 nocmimkeHHsI €KOJIOTi9HOTO CTaHy
TEpUTOpii NMpU TeXHOreHHOMy 3a0pyaHeHHi. [lareHT YkpaiHu Ha KOpHCHY MOJEJb
113110. 3apeecTpoBaHO B Jep:KaBHOMY PEECTpi MATEHTIB YKpaiHU HA KOPUCHI MOJIei
10.01.2017.

Resume

O. Kryazhych, O. Kovalenko

DIGITAL PASSPORT OF THE ENVIRONMENTAL OBJECT FOR CONTROL
OF RECOVERY PROCESSES IN CASE OF CONTAMINATION

A new approach to understanding the digital passport of an environmental object
is proposed, a tool for the rapid creation of digital passports is proposed. Such passports
contain not only collected and systematized information, but also services for processing
information, conducting operational modeling, and tracking the actions of other
researchers working on a common task.

The paper presented an approach to the implementation of such a tool on a web
platform, described the main implementation features. And the logic of the approach to
the formation of the electronic passport of the environmental object is also presented.
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For the user of the tool, the passport is presented as a form in which the columns contain
information in the form of an html template for each type of object. The primary template
allows you to navigate by identifier to more in-depth information on individual items or
to get help on individual items from a distributed data bank or the network as a whole.
In the passport database, a separate passport is a tabular form, which can be accessed
by identifier. The identifier is implemented according to ontologies from the subject area
of research.

On the basis of the proposal, work continues on the over development of a digital
passport to control recovery processes as part of preparations for environmental work
in the de-occupied territories of Ukraine.

JOCJIIKEHHSA MOXKJ/INBOCTI BUKOPUCTAHHA
IF'AMMA-BUTIPOMIHIOBAHHSA U1 BUABJIEHHS MIH

Mawunicmos B.E., banakin B.®., Pax I1.B.
VYxpaiacekuit lepxaBauit YHiBepcurer Hayku ta TexHomoTi#

Anortanig: 3 MeTor0 3a0e3meueHHs HaIiifHOTO 1 O€3IEYHOTr0 BUABJICHHSA MIH
MPOTIOHY€ThCSL PILICHHs, IO 0a3yeThcs HAa ONPOMIHEHHI JUITHKM MicueBocti. Ls
JUISTHKA JTOCHIDKYEThCS Ha TpeAMET HAasABHOCTI MiH 3a JOINOMOIOK Tramma-
BUIIPOMIHIOBAaHHSIM, SIKE Ma€ BHCOKY NMPOHMKHY 3AaTHicTh. [lif Horo miero B rpyHTI
CTBOPIOETBCS BTOpPUHHE O00'€MHE JDKEpello eJeKTPOMAarHiTHUX —KojuBaHb. Lle
BUIIPOMIHIOBAaHHS PO3CIFOEThCS MPAKTUYHO PIBHOMIPHO IO BCIX HANpsIMKax, B TOMY
4uCIIi 1 B 3BOPOTHOMY. PO3CisiHI B IpyHTI €J€KTpOMAarHiTHI KOJMBAaHHS MPUHMAIOTHCS
JIETEKTOPOM, B SIKOCTI SIKOTO BHCTYIA€ CKaHYIOUHI TaMMa-CIIEKTPOMETp. AHAIIIZYIOUH
CHEpPreTUYHUH CIEKTP pPO3CITHOTO TaMMa-BHUIIPOMIHIOBAHHS, MOXXHa BH3HAUYUTH
KUTBKICHWH 1 SIKICHUH CKJIaJl pEYOBHH, Yepe3 sIKi MOMUPIOIOTHCS JaHe KOTUBAHHI.

SIKIIO ONPOMIHIOETHCS TPYHT, B SIKOMY 3HAXOAUTHCS ACSKAN 00'€KT, SIKUH Mae
(hi3MKO-XIMIYHI XapaKTePUCTUKU IHIN, BIiAMIHHI BiJ TPyHTYy, B TakoMy pa3i
oTpuMaHuil curHan Oyne MaTH iHOIMHA eHepreTHMyHuil crnekrp. OTpuMaHMil raMma-
CHEKTP 3BOPOTHOTO pPO3CISTHOTO CHTHANY MOPIBHIOETBCA 13 TramMMa-CIEeKTPOM
BUIIPOMIHIOBaHHS BiJOMHUX MiH. Ha mifgcTtaBi IpOTO NPHAMAETHCA PIMICHHS TIPO
BIJICYTHICTh 200 HAsBHICTH MiHU Ha TEPUTOPii, IO 0OCTEKYETHCS.

PesynpraTi IpoBEAEHUX EKCHEPHUMEHTIB MOKA3aJM MPHUHIUIIOBY MOJIUBICTH
BUKOPHCTOBYBATH PO3CisTHE TaMMa-BUIPOMIHIOBAHHS JIUIsl BUSBIICHHS, ileHTH (KAl Ta
nokatizarii MiH. OIiHKH IMOKa3yIOTh, 0 BUKOPHUCTAHHS raMMa-BUIIPOMIHIOBAHHS IS
BUSIBJICHHSI MiH JIO3BOJINTH OOCTEXYBAaTH BEJMKI TEPUTOpIi 3a BiJHOCHO HEBEIMKHN
MIPOMIXKOK Yacy INpH IOPIBHSIHO NPHHHATHUX Maco-rabapuTHUX XapaKTEepUCTHUKaX
o0J1a/IHaHHS Ta BUCOKOMY PiBHI O€311eKH BUKOHAHHS IOIIYKOBUX POOIT.

Knrouosi cnosa: BWSBICHHS MiH, T'aMMa-BHIIPOMIHIOBAHHS, OIPOMIHCHHS,
€HEePreTUYHUH CIEKTD.
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Beryn. Ilo manum [lepkaBHOT city:kOu YKpaiHM 3 HaJ3BHYAHUX CUTyamid
ChOTO/IHI Hallla Jep)kaBa Meplia y CBITI 3a IUIOMICI0 3aMiHOBAaHMX TEPHUTOPIi.
[Morenuiitno HeOe3MEUHUMH JUTS JKUTTS 1 rocniogapioBanHus € 30% teputopii YKpainu
(174 tuc. xB.xM.). B3arani npobiema po3mMiHyBaHHS BEJIMKUX TEPUTOPIH Ha/l3BUYAHHO
aKTyaJbHa Ul BCHOTO JIIOJICTBA. BimoMi criocoOM BHABICHHS MiH, IO 0a3yIOTHCS Ha
¢ikcarii 3MiH XapaKTepPHUCTHK IMapy IPyHTY (MarHiTHUX, €IEKTPOCTATHIHIX, TETUIOBHX
Ta IHIINX), B TKOMY 3HAXOIUTHCSA MiHa, CKIIaHi, TPyIOMICTKi, MAaIOTh HEBICOKHUI TEMII
TIOIIYKY i, TOJOBHE, HEIOCTaTHRO HafiiHI Ta Oe3meyni [1,2,3].

OcHoBHMIT MaTepian. 3 Meroro 3a0e3redeHHs HaAIHHOTO, OE3MeYHOro i
IIBUJIKOTO BUSBJICHHS MiH IIiJl IIOBEPXHEIO 3€MIIi IIPOIIOHYETHCS TEXHIYHE PIllICHHS, 10
0azyeTbCs Ha ONPOMIHEHHI MIUISIHKM TEPUTOpil, SKa NOCHIJPKYEThCS Ha MpEIMeT
HasiBHOCTI MiH, raMMa- BUIPOMiHIOBaHHsM. lle enexTpomarHiTHe KOJIMBaHHS, SKe
BUIIPOMIHIOETHCS SAPAMHU aTOMIB IIPH iX PaJlOaKTHBHUX IIEPETBOPIOBAHHSX Y BUIJISI
BHUCOKOCHEPTEeTHYHNX KBAHTIB, Ma€ BUCOKY POHUKAIOUY 3/IaTHICTh. 30KpeMa, TOBIINHA
LIapy MOJIOBUHHOTO OCNA0JIeHHs raMMa-BUIIPOMIHIOBaHHsI B IPYHTI ckianae 10-14 cm.

Bcst enepris raMMa-BHIIPOMIHIOBaHHS ITOTJIMHAETHCS PEYOBHHOIO, B SIKilf BOHO
MIOIINPIOETHCS, IUIIXOM 10Hi3amii i aTomiB. BeTaHOBIEHO, IO B CEpeTHHOMY Ha OJIUH
aKT 10Hi3aIlil BUTpa4aeThCsI EHEPTis TaMMa-BHITPOMiHIOBaHHA B 33,85 enekTpoH-BobT.
Came BKa3aHa BJIaCTHBICTh IOIIMPEHHS TaMMa-BHIIPOMIHIOBAHHS B PEYOBHHI CTBOPIOE
YMOBH Ul peaii3anii crnocoOy BHSBICHHS MiH, IIO HPOINOHYETHCS, NPHUUOMY 3a
JIOTIOMOTOI0 BiJOMHX TEXHIYHMX 3aco0iB J{ns BHpimeHHS 3am1ad chOopMyIThOBaHUX B
paMKax Migxomdy, U0 MPOTIOHYETHCS, 10 BUSBICHHS BHOYyXOHEeOE3MeUYHUX PEYOBHH 1,
30KpeMa, MiH, Tepe0adaeThCsl BAKOPHCTOBYBATH T'aMMa-BUIIPOMIHIOBAHHS 3 €HEPTi€I0
E?, axa He mepeBmurye 3HaueHHS 2 MeB. B npomy miamazoHi eHepriii oCHOBHUMH
MpOLIECaMHy, 1110 CYIPOBOPKYIOTh MOUIMPEHHs TaMMa-BHIIPOMIHIOBaHHS B PEUOBHHI, €
¢doroedexr i epext Kommrona [4].

IIpu doToedexTi Mae Miciie TOBHE MOTIMHAHHSA TaMMa KBaHTY, B Pe3yJbTaTi
4Oro 3B'SI3aHUI E€JIEKTPOH aTOMy BHUBUILHIOETBCS 1 BCSI €HEpTris TIaMMa-KBaHTY
MEPETBOPIOETHCS B KIHETUIHY CHEPTIi0 (POTOCTICKTPOHY.

Edexr Komnrona - me mpomec po3cilOBaHHS TraMMa-KBaHTIB Ha BIJIBHUX
€JIEKTPOHAX PEYOBHHHU 1 Ha €JIEKTPOHAX 30BHINIHBOI 000JIOHKM atoMy. B pesyibrari
IIbOT'0 TaMMa-KBaHT Iepesiae eJIeKTpoHy eHeprito Ee, ska € gactuHOMO Bix eHeprii Ey 1
€JICKTPOH TIOKWAAa€e aTtoM, a ramma-kBaHT Ey’=Ey-E. 31 3MeHIIEHOI0 eHepriero
MIONIMPIOEThCA Iajli, 3MIHUBIIM HANPSAM CBOTO PyXy Ha KyT 0 MiX HampsMoOM pyxXy
I1a/1al090T0 1 PO3CiTHOTO raMMa-KBaHTY. B mogampmoMy po3cissHUi raMMa-KBaHT MOXKE
TaKUM K€ YHMHOM IIOCJIJIOBHO B3a€EMOJISITH 3 IHIIMMHU aTOMaMu PEYOBUHH, B sIKii BiH
MOLINPIOETHCS. SIKIIO HOro eHeprii Oyae NOCTaTHbO Uit BUOMBAHHS €JIEKTPOHY i3
aToMy. 3arajoM IpH ONPOMIHEHHI PEYOBUHU I'aMMa-KBaHTaMH 3 €HEPIi€lo MOPSIKY
1 MeB, B cepenHbOMY MOXKE OYTH AECATKU TUCSIY TaKUX B3aeMoIiil. [Ipu KoxkHIl 13 HUX
i3 aTOMIB pPEUYOBMHH BTOPUHHOTO JUKEpENa eJIeKTPOMAarHiTHUX KOJMBaHb BUOMBAETHCS
€JICKTPOH, 3MIHIOETHCS HANpPsIM PYXy HAJIITAl0YOro0 raMMa-KBaHTY Ta 3MEHIIYEThbCS
HOTOo eHepris.

CyTb miaxomy, o NPOIOHY€ETHCS, IIFOCTPY€EThCs 3a toroMoroto puc. 1. Jlinsaka
3eMHOI MTOBEPXHI OMPOMIHIOETHCS MOHOCHEPTETUYHUM NEPBUHHNAM JKEPEJIOM ramMMa-
KBaHTaMmH 3 eHeprieto Ey. B pe3ynbraTi 6ararokpaTHOi B3a€EMOJIT 3 aTOMaMy pE4OBHHH
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IPYHTY, B HhOMY BiZITBOPIOETHCSI BTOPUHHE 00’ €MHE JKEPENIOo raMMa-BUIIPOMIHIOBAHHS
BEJINKOTO 00°€My, CHEKTp SIKOro € cyuiibHuM, Bin eneprii Ey mo 0. Bropunne
BUIIPOMIHIOBAaHHs, Ha BiJMiHY Bil NEPBHHHOTO, PO3CIIOETHCS DPIBHOMIPHO Y BCiX
HarpsMKax, B TOMy uHcii 1 B 3BopoTHoMy (0=180°). ATOMH pedoBHHM, B SKiH
MOLIMPIOIOTECST TaMMa-KBaHTH, MOIJIMHAIOTH 1 NPAaKTHYHO 3pa3dy BHUIIPOMIHIOIOTH
€Heprito CTporo neBHoro 3HaueHHs Ee s koxHoro i3 HuX. Lle cTBoproe yMmoBH Juist
BU3HAYCHHS KUTBKICHOTO 1 SKICHOTO XiIMIiYHOTO CKJIQAy HIaHoi pedoBuHHU. OmmcaHi
MPOIECH BiMOOpaXKaroTbC Yy BHIJISAL  CIIEKTPY €Heprii po3cisHOro ramMa-
BHUIIPOMIHIOBaHHS, BHAMIPIOIOYH 1 aHAN3yIOUM SKHUH, MOXHA 3IiHCHIOBAaTH IIOIIYK,
JoKamizamiro i imeHTH(]iKamifo 00’€KTiB 3 BiZOMUMH (I3UYHAMH Ta XIMIYHUMH
BJIACTHBOCTSIMHU.

IIepBunHE KEpeTo JetexTop
raMMa-BHIIPOMIHIOBAHHS (TaMMa-CIIEKTpOMeTp)

e

armocepa l
0

IR

BropunHe mxepeno
raMMa-BHIIPOMiHIOBaHHS

Puc. 1. 'eomerpist BUsiBI€HHs 00’ €KTIB B IPYHTI

Tak, KoM OMPOMIHIOETBCS IPYHT, B SIKOMY 3HaXOAUTHCSA 00’ €KT, HANIPUKIA,
MiHa, SKHH Mae (Qi3UKO-XiMIUHI XapaKTepUCTHUKH, SKI BIAMIHHI Bill XapaKTEpHUCTHK
HaBKOJIMIITHBOTO CEPENOBUINA, TO BiH OyAe MaTH CYTTEBO IHIIMH CHEKTp ramMma-
BUIIPOMIHIOBAaHHS, Hi’K TPYHT. LIfo BIacTHBICTh 1 MPOMOHY€ETHCSI BUKOPHCTOBYBATH LIS
BUSBJICHHS MiH. [leTekTop (CKaHYIOUYH TaMMa-CIIeKTPOMETP) PO3MIIIY€ETHCS TOPS 13
NEPBUHHUM  JDKEPENOM, 1100 3amo0irTW IONaJaHHI0 B JETEKTOp IMPSIMOTO
BUIIPOMIHIOBAHHS BiJl EPBUHHOTO pKepena. Onep:kaHuil TaMMa-CIIeKTp 3BOPOTHOTO
PO3CISIHOTO CHTHAJIY ITOPIBHIOETHCS 13 raMMa-CIICKTPOM BHITPOMIHIOBAHHS BIIOMHX MiH,
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Ha TiJCTaBl 4OTO NpHHMAEThCs PIICHHS HPO BIICYTHICTH abO HAsBHICTH MiHH Ha
TEpUTOPIi, IO 0OCHIIAYETHCS.

JIyist OLIHKM MOXJIMBOCTI BUKOPHCTAaHHS ITiXOJY, IO MPOIOHYETHCS /sl BUSBICHHS
MiH, OyB NpoBe/ieHUH eKcriepuMeHT. Buy ipoOw, sika BUKOPUCTOBYBaJIAch SIK BTOPUHHE
JDKEpeNo BUIPOMIHIOBAHHS, IMOKa3aHWH Ha PUCYHKY 2 HmkHI IBi TpeTWHH €MHOCTI
npoOH 3alOBHIOBAIIUCH B CYMIIIIIIO IPYHTY Ta KalidHOro no0puBa. Bimomo, 1o B
KaJliifHOMy IOOpUBI MICTHTBCS paxioakTUBHUI i30Tom Kamiii-40 B 0,012% kinbkocTi
fioro macu. LluMm mKepeaoM ONPOMIHIOBAIHCH CyMINli PI3HUX PEUYOBHH, SKIMH
3allOBHIOBAJIACH BEpXHS TpeTHHa NpoOH. ['aMMa-CIeKTpoMeTp po3MilllyBaBCS Ha
MTOBEPXHI POOH.

Puc.2 Mopaenb nmpodu

Jeski pe3ynbTaTH eKCIIEpUMEHTIB MpHUBE/IEH] Ha puc. 3, Ha SKOMY IOKa3aHa sKiCHa
3aJIOKHICTh KUIBKOCTI TaMMa-KBaHTIB, 1[0 MOTPAIUISIOTh B KAHAIN CIIEKTpoMeTpa (0Ch
Y) Bix eHeprii raMmma- KBaHTIB, 1[0 BUIIPOMIHIOBAJIHCH BTOPUHHUM JKeperioM (och X).
Ha HhOMY cIieKTpH pi3HUX CYMIIIICH MOKa3aHi pi3HUMH KOJIbopaMu. J{ociimKyBaInch
KaJiil 1a30T B ckiazi BigmoBigHUX 1o0puB. OO0’ €KT-1Ie iMiTaTOp BUOYXOHEOEC3MEUHUX
pEeUYOBHH, B CKJIaJ SKHX, KpiM a30Ty, 00OB’S3k0BO BXOauTh Byrieus ( rpadir). B
€KCIIEpUMEHTI BUKOPHCTOBYBAJIaCh CyMIIll caMe IIUX EIEMEHTIB.
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Puc. 3 N'amma-criekTporpamu (sSKicHa 3aJIeXKHICTh)

I3 puc.3 BuaHO, 110 AJIS PI3HUX CyMileil BU OTPAMaHUX CIIEKTPOTpaM Pi3HHM.
30KkpeMa, BOHH BiJIPi3HSAIOTHCS BHJIOM 1 piBHEM MaropOiB i BHaaAWH Ha TPUBEICHUX
3aJeKHOCTSX. TakuM YMHOM, MOXKHA CHOMIBaTHCh, IO TPOMOHOBAHMHN MIiAXiJ MOXe
BUKOPDHCTOBYBaTHCSl JUIS BUSIBJICHHS MiH. ToMy NOTpiOHO 1 Jami NpPOBOIUTH
JIOCTIJIKCHHS B I[bOMY HampsiMi, TUM OLIbIIE, IO JUIS I[HOTO HE MOTPIOHO BKIAJATH
3HayHi Koy, [Ipy MO3UTUBHMX pe3ynbTarax Iie AacTh MOXKIHUBICTH cHOPMYITIOBATH
BHUMOTH JI0 KOHKPETHHUX TEXHIYHUX 3aC00IB JUIsS BUSBICHHS MiH, III0 MOXE JIOTIOMOTTH
BUPILINTH TI00aIbHY POOJIeMy OYHILEHHS TEPUTOPIH BiJl HUX.

PeaynpraT = €KCHEPUMEHTY  MOKa3aid, [0 B HPUHIUII  MOXJIHBO
BUKOPHCTOBYBATH PO3CisIHE raMMa-BUIPOMIHIOBAHHS [l BUSIBJICHHS Ta JIOKaJi3arii
MiH.

B noganpuioMmy HeoOXiHO MPOBECTH HATYPHI €KCIICPUMEHTH 3 BUKOPUCTAHHSIM
JDKepel raMMa-BUIIPOMIHIOBAaHHS SIK Ha iMiTaTopax MiH, TaK i Ha iX peajJpHHX 3pa3Kax.
Takox HEOOXIAHO BHSIBUTH MOXIHUBOCTI JaHOTO TIAXOAY B 3aJIC)KHOCTI BiX
BJIACTMBOCTEH I'PYHTY Ta 00’€KTIB, 110 3HAXOJATHCS B HUX, XapaKTEPUCTHK JKepesa
OIIPOMIHEHHS, @ TAKOXK I10 Yacy MOIIYKY Ta TOYHOCTI BUSBJICHHS X MiCIIE3HAXOKECHHS.
e macte MOXIHMBICTH CHOPMYIIOBATH LUISIXM KOHKPETHHX IHXXEHEPHHX PO3pOOOK,
BUXOJISIUM 13 (PI3UKO-TEXHIYHUX BUMOT Ta 3a0e3Me4eHHs OTPIOHOro PiBHS HalliHOCTI
MOIIYKY MiH Ta Horo 6e3Mme4HoCTi.

OIiHKY TMOKa3yloTh, MO MM OTPUMAHHA €HEPTrii raMMa-BHIIPOMIHIOBAHHS,
JIOCTATHBOT /11 BUKOPUCTAHHS 1i B SIKOCTI 30HYIOUOr0 CHTHAIY IIPU TOMIYKY MiH,
JIOCTAaTHBO MAacCH PaJlioHyKIiIiB B ICKUTbKA ICCATKIB MiJIirpam.

[puctpiii, B sikomy Moke OyTH peayi30BaHMH 3alpONOHOBaHMH MiIXij,
CKJIQIAETBCSL 3 JIBOX OCHOBHMX MOJYJIB: JDKepela, L0 T'eHepye 30HJylode raMmma-
BUIPOMIHIOBAaHHS, SIKE Ma€ JIOKAIbHY CHCTEMY pajiallifHOTO 3aXHCTY, Ta CKaHyIOUYHH
raMMa-ClieKTpOMETp, SIKUH TpuiMae 3BOPOTHIM CHUTHAN Y BUIJSOI  CIEKTPY
€JIeKTPOMArHiTHOTO  BHIIPOMiHIOBaHHS. Ha mifcraBi  aHamizy  CHEKTpalbHUX
XapaKTePUCTUK POOUTHCS BUCHOBOK MO0 BUSABJICHHS Ta 1IeHTU(IKAIIT MiH. 3aBISIKH
CKaHyBaHHIO TIOBEpXHi, IO JOCHiIKYETbCS, 3 YacTOTOr0, Hampukmam, S50 I,
CTBOPIOIOTHCSI YMOBH JIJII OTPUMaHHS OJTHOTO 11 eHepreTHIHOTO 300pakeHHs 3a 4ac He
6inbu1 Hixk 20 Mcexk.
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BucHoBkH. BuKOpHCTaHHS TraMMa-BHIPOMIHIOBAHHS JUIS BHSBJICHHS MiH
JIO3BOJIUTB JIOCIIIKYBATH 3HA4HI TEPUTOPIi 32 BIJTHOCHO HEBEIMKHH MPOMIXOK 4acy
npu HWOro NPHHHATHUX MacorabapUTHHX XapaKTepuUCTHKax. B mimoMy mnonrykosi
HPUCTPOI, SIKi MOXKYTb OyTH PO3pOOJICHI 3 BUKOPUCTAHHIM raMMa-BUIIPOMIHIOBAHHS,
MOXYTh TOBHICTIO BiamoBimatu BuMoram, ski mpexn’siBieHi OOH (International
Standards for Humanintarian Mine Clearance Operations/-UN-1996).

Cnucok giTepatypu

1. CpaBHUTEIBHBIH aHAIH3 CYNIECTBYIOIINX METOAOB oOHapy XeHHA
B3PBIBOOIACHBIX MPEIMETOB MPH MIPOBEJCHUN KOHTPTEPPOPUCTHIECKUX OTEpai. A.
. Tlpumakun, U. B. Ky3nenos. Bectauk Clly MB/] Poccun , Ne4(44), 2009.

2. Bo3moxHocTh co3nanus MK-munouckarens, OcoopH P. «Dnekrponukay,
1963, Ne31, ¢.32-33.

3. TIlarent.RU2122224C1 Crnoco6 o6Hapyxenus MuH B mnouse. O. A.
Mopo3zos, M. ®@. Bockoboitauk; 1998 r. MKI1 T'01 B3/12.

4. A. T. Hcaes, C. M. Hesnes, A. C. Kasumupon, E. B. YopusIil.
CriekTpoMeTpHsl MOHU3UPYIOMHKX M3IydeHn. YdeOHoe mocobue; UIIb ADC HAH
VYkpaunsr; Kues,2021.

Foreword: The solution based on irradiating a site is proposed for ensuring a
reliable and safe detection of mines. An area is inspected for mines using a gamma
radiation, which has a high penetrating capacity. Under its impact, a secondary
volumetric source of electromagnetic oscillations is created in a soil. This radiation is
scattered almost uniformly in all directions, including a back direction. Electromagnetic
vibrations that are scattered in a soil are received by detector, which acts as a scanning
gamma spectrometer. Analyzing an energy spectrum of scattered gamma radiation, it is
possible to determine the quantitative and qualitative composition of substances
through which this oscillation spreads.

If an irradiated soil contains some objects that have the different physical and
chemical characteristics against a soil, then the received signal will have a different
energy spectrum. The obtained gamma spectrum of a backscattered signal is compared
with the gamma spectrum of radiation of the mines etalons. Based on this, a decision is
made about the absence or presence of a mine in the surveyed territory.

The results of the conducted experiments showed the fundamental possibility of
using a scattered gamma radiation for detecting, identifying and localizying the mines.
Assessments demonstrate that usage of gamma radiation for mine detection will allow
surveying of large areas in a relatively short period of time with relatively acceptable
weight and size characteristics of the equipment and a high level of safety in conducting
the searching measures.
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JIABOPATOPHI JJOCJITKEHHS BUKUIB 37Cs IIPU CITAJIIOBAHHI
3ABPYJIHEHOI BIOMACH

Hogixoe A.M., Illunkapenxo B.K

IacturyT mpobnem 6e3nexn AEC HAH Ykpaina, Byan. JIucoripceka, 12, 03028, Kuis,
e-mail: andreyn@ua.fm

Beryn

JlicoBi mokexi Ta crHajroBaHHS OioMacH CYNpPOBOXKYIOTHCS BHUKHIAMH B
atMocdepy aepo30JIbHUX YaCTHHOK, BYTJIEKHCIIOTO Ta YaTHOTO Ta3iB, a TaKOX TapiB
IUPOKOTO CIEKTPY OpraHiyHux crmonyk [1, 2]. Ha pamioakTuBHO 3a0pymaHEHUX
TEPUTOPISX MOXKEXKI MOKYTh CIIPHYMHUTH BUKHIY aKyMYJIbOBaHUX PaliOHYKIIi/iB, IO
CTaHOBUTbH NOTEHILiIHY HeOe3neky. OIiHKa TaKUX BUKU/IB B atMocdepy [3-8] Ta ixHix
PamioeKOJIOTIYHIX HACTIAKIB SIK Ha MICIICBOMY, Tak i Ha TJI00AIBHOMY pPIBHSX, €
MPEIMETOM aKTUBHUX JOCIIKEHb [9-16].

CnamoBaHHs OioMacu, KOTpe € OJHHMM 3 HAHMIIOTYXKHILIMX JPKepesl reHeparii
aepO30JHHUX YaCTOK y CBITi, PETEIbHO BUBYAETHCS 3 TOUKH 30py HOTO pajiamiiHOro,
TeOXiMIFHOTO Ta eKoJoTiuHoro BIUIMBY. L[i JOCTiMKEHHS MPOBOAMINCH Yy Pi3HUX
(opmax, BKIIIOUArOUH J1ab0paTOPHI CHATIOBaHHSI, HATYPHI EKCIIEPUMEHTH, TUCTaHIlIIHEe
30HAYBaHHA W MozemoBaHHS. OpHAK, pPI3SHOMAHITHICTP METOMIB JOCIHIiIKEHHS,
YCKIJIQIHIOE TIOPIBHSIHHS Ta aHaJ3 pe3ynbTaTiB [1717].

AHAIOriYHA CHUTYyallisi CHOCTEPITraeThCsl i B OOJIACTI JOCHIKCHHS BHUKHJIIB
PaliOHYKJIIIB MiJ 4ac JICOBUX IOXKEX Ha 3a0pyJHEHUX TEPUTOPisSX. 30Kpema, Uit
137Cs, ogHOrO 3 TOJOBHMX KOMIIOHEHTIB pajiOaKTUBHOTO 3a0pyaHEHHs 6Giocdepn,
JiTepaTypHi JaHi Mpo WOro 4acTKy, M0 MOTpamuisie B arMochepy I 4ac JiCOBUX
TIOXKEK, PO3XOISITHCS OB HiX Ha MOPsAI0K. Tak B po6oTi [3] mpoBoawitu nabopaTopHe
CTIATFOBAHHS PI3HUX BUIIB MAJIMBa POCIUHHOTO TIOXOKEHHS 3 JOMIIIIKOIO CTabiIbHOTO
133Cs. B pesynbTati BUKHM 1E3i10 B aTMoc(epy Mijl 9ac JTicoBoi mosxkexi, 6yIo oLiHeHo
B 40-70 % Bix iioro BMicTy B nanusi. B iHmii po6oTi, e TexX B 1a00paTOPHUX YMOBaxX
CHIAJIFOBANM JIicOBHI omaj, 36arauenuii '33Cs, y 3i0paHux aepo30JbHUX YacTKax Oyyo
3adikcosano pisens Bukumy >>Cs Bix 1% mo 2,5% [4].

Meroro naHOi poOOTH € OIS JIiTepaTypHHX NaHWX moao BUKUAIB Cs mpu
CHIIOBaHHI 3a0pyAHEHO] OioMacH Ta eKCleprUMEHTalbHa NepeBipKa BIUIMBY PEXUMY
TOpiHHS Ha €EKTUBHICTH IIHOTO MPOIIECY.

Bxigni 1ani Ta MeToaM JOCaiIKEeHHS

Hdns pocnmimkeHHss Oyna BHKOpUCTaHa NpoOa JICOBOI MIACTWIIKA 3 30HH
Biguyxenus YACC, Binibpana nobmusy c. Komaui. IIpoba micist BUTpuMyBaHHS B
CYyXOMYy MpHMIIIEHHI 1 JOCSTHEHHS IOBITPSHO-CYXOI BOJIOrOCTi Oyjla CTapaHHO
nepeMiliana i po3JiijieHa Ha Kibka yacTuH Macorw 50 - 60 rpamiB. ITicns BU3HAYCHHS
aktuBHOCTi '*’Cs 3a J0MOMOrOI0 HAMIBIPOBITHUKOBUX CIIEKTpoMeTpiB SBS Ta
Camberra qactnan ipoOH OyJH CHaJIeHiI B YMOBAaX MOJyM STHOTO Ta TIHIOYOTO PEKUMIB
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TOpPIiHHS B CIIENiabHO BHTOTOBJICHIH Midlli, IO 3a0e3reuyBaja MOBHE YJIOBIIOBAHHA
JIMMOBHX YacCTOK Ha ITOPUCTOMY CKJISTHOMY ¢uibTpi [18]. i1 cTBOpEHHS HOIyM’ STHOTO
PEXUMY TOpiHHS P00y PO3MyIIyBaIN i 3aNaltoBajk 3HU3Y KPi3b KOJIOCHUKOBY CITKY.
Jliist 3a0e3medeHHs K MepeBayKHO TIII0YOTO TOPiHHS NMpoOy 3j1erka 0OTHCKYBaH, ITij
poOy Ha KOJIOCHUKOBY CiTKY BKJIQJIaJIH JIMCTOK IIUTapKOBOTO TIaIlepy, a camy IpoOly
T ATTATFOBAIN 3BEPXY.

Pe3yabTaTn T2 00rOoBOpEeHHs

Buseneni B miteparypi maHi moao 1abopaTOpHHX BU3HAYEHb aTMOCQEPHUX
BukuaiB Cs mpu crajgioBaHHI 3a0pyAHEHHMX MaTepialiB POCIMHHOIO TOXOJDKEHHS
HaBesieHI B Ta0n. 1. CrpoOyeMoO TOSCHUTH HasiBHI PO30IKHOCTI BU3HAYCHB BiJICOTKIB
Buknugy Cs. 3maBamocs 6, IO 3aBASKH KOHTPOJIBOBAaHMM YMOBaM JaOOpaTOpHOTO
CHAITIOBAaHHS, PE3yNbTaTH, OACp)KaHI PI3HIUMH IOCIiTHUKaMHU, TOBUHHI Oynm © Oyth
Oinbi Onu3pkuMy. Ha Hat norssin icHye KijibKa MIPUYHMH TaKUX po30DKHOCTEH.

Hacammiepen 1ie HeBu3HaueHICTh TepMiHy "BuKuA 3 tumoM". CripaBa B TOMY, IO
aepo30JIbHI YaCTKH B AMMI BiJl CITAJIFOBAHHS OPTaHIYHUX PEIITOK SBITIOTH COOO0 CyMIlIl
IpiOHUX, TMEPEBAXXHO CYOMIKPOHHUX YaCTOK KOHJCHCAIIITHOTO MOXOJDKCHHS, OLTBII
KPYIHHX arperatiB TakMX 4YacTOK (3a3Buuail agiamerpoMm 2,5 - 15 MkMm), TpyOux
(2 - 20 MKM) Ta TIraHTCHKHX YaCTWHOK MOIENy IiaMeTpoM 10 MimiMmerpa i Oimbme [1,
1717]. 1 sakmo CcyOMIKpOHHI YacTKH 34aTHI 1O TpPAaHCTPAaHUYHOTO 1 HAaBiTh
TPaHCKOHTWHEHTAJILHOTO IIEPEHECEHHs. BITPOM, TO TIraHTChKI YacTKH MOIMeENly
BHIIA/IAOTh, SK MIPABIJIO, MTOOIHM3Y MICII TOXKEXKi. 3aJIeKHO Bil METH AOCIHIIKEHHS Ta
KOHCTPYKTUBHUX OCOOJMBOCTEH 3aIisTHOTO OOJaJHAHHS, e TepMiH MOe HaOyBaTh
PI3HOTO 3MICTY — ITOYMHAIOYH BiJ (hPpaKiiil aepo30JIbHUX YACTOK EBHOT'O PO3MIpY H J10
TOTO, IO HE 3AJTMIIMIIOCS B 30J1i T€ i BHJIETLJIO 3 JUMOM.

VY pasi BU3HaUEHHS BiICOTKY BHKHIY ITO 3aJUIIKY B 3071 IO BUKUAY 3 AUMOM
MOpsIJ 3 BJacHE JAMMOBUMH aepO30JIbHUMH YaCTKaMH 3apaxOBYIOTHCS yCi YaCTUHKH
TOTIeNTy, IO TIOKHHYJM 30HY TOpiHHS. ICHy€ TakoX pHM3HK 3aBUILEHHS PE3yJIbTaTy
BHACJIIZIOK BTPAT YaCTWHH 30JIM Ha eTaIli Bi/l 3aKiHICHHS CIIAJTIOBAHHSA 10 BUMIPIOBaHHS
il akTuBHOCTI. Tak, Neska 4acTWHA 30JIM HEMHUHYYE 3QIUIIAE€THCI B KOHTEHHEpI I
CHAJFOBAaHH, YaCTHHA MOXKE OYTH BTpaueHa B IPOLECi NepeCUIaHHs, IPU BiIKPUTOMY
CHAJIOBaHHI YaCTHHA 30711 PO3HOCHUTHCS BITPOM, 1 T.11. SIK BUIHO 3 TaOJ1. 1 He3BaXxaroun
Ha BKa3aHi HEJONIKH MeToI HaOyB MIMPOKOTO MOIIHUPEHHS 3aBISKH IPOCTOTI TEXHITHOL
peauizarii.
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Tabauys 1. Pe3ynbpTaT BU3HAYEHHS YaCTKH BUKMHYTHX B aTMOC(Epy paTioOHYKIiIIB IPY CHATIOBaHHI 0ioMacH.

, . . Cmoci6 % Cs B .
O0’€exT 10CTITKEHHS MeTtoaunka g0c/igKeHH R JIiT.
BHU3HAYEHHA NnoBiTpi
JlepeBo, cocHa, [JIOLIKM 3 KOpOIO,
okporwreHi poszumnoM com Cs mepen | Jomaanus crabimsHoro '*Cs mo 89
CIIAJTIOBaHHSIM manuBa. BigkpuTe — CHadrOBaHHSA.
JlepeBo, ocuka, JOWIKM 3 KOpOIo,|JlpoBa — BOTHHINE Yy BEIUKOMY
okporuteHi pozumHOoM comi  Cs Ta|KOHTEiHepi, cojlomMa - BaJloOK 3 Buicr  133Cs 44
BUTPUMaHI MPOTATOM JIOOW  Tiepen | KOHTeHHepaMu Uisi 300py 307U TIij .. Y
MAJTMB1 MiHYC BMiCT 3
CHIAJTIOBAaHHIM BaJIKOM. soni
Cosnoma (Tpy cCIaJIFOBaHHSI) y 7; 60; 35
CymapHa  omieka  Bukugy  1pu | Jlomaanms crabimeHOro '**Cs go
CTIATIOBAaHHI ~ POCIMHHOCTI mix  d4ac | nanuBa. JlJabopatopHe criaitoBaHHs B 40-70
MOJIbOBOI TMOXKEXi (AepeBUHA, cojioMa, | MydenbHii iyl npu
Top(d Ta 3eJeHi POCIUHH). KOHTPOJILOBaHiH TeMneparypi
S O06’emHa
S . . CriayiroBaHHs B iYL, Bi101p YaCTHHU . 137 "
3a0py/qHeHi JlicoBi roprovi MaTepianu akTuBHICTE ~'Cs y 3-5 8
JIMMOBOTO MOTOKY .
JIMI
IToBepxHeBa MiJCTHIIKA T TUIKK T 4547
- - CnanoBaHHs MaJIuX HaBaXkOK | AKTuBHIcTh ~'Cs B
Itk BiTBXH L 779
- (= 50 mr) 3a0pyAHEeHNX MaTepiajiB y | aepO30JILHUX 5
JlucTs Binbxu N . o 9245
p > TpyOuaTiit meui mpu 800°C. yacTKax
OpraHiynuii IpyHT 2,440,5
XBOsL COCHH . . 1-2,5
- 133Cs na Qinbrpi 2 4
Topd, TainHs 0




[4

JlopaBanHa cTabinbHOro '3Cs 1o

Bumict  '33Cs y

XBos cOCHH nanuBa. Biakpure — criamoBaHHS, | AIHMBI MiHYC BMICT 40-50
Biz0ip aepo30Jio Ha BUCOTI 15 M y 30111
Bopeanbauii stic. Cyxa j1icoBa IiICTHIIKA. 29
Opraniunuii  1pyHT  (IOTEHLiIHO <37 6
MOXKJIMBI 3HAUCHH)
OpraHiuauii IpyHT (BMICT KHCHIO B . .
HOlETpi 21%) pyHT ( MopenoBanHs ~ yMOB  BepxoBoi | AktuBHicTh ''Cs B| 49,6+7,5
0 . . . .
— : NoXexi, HarpiBanHs 3pazka IY|nanumsi MiHyC 7
OpraHiuHuii IPyHT (BMICT KHCHIO B . . ;
.. o BHITPOMIHIOBAHHSM. aKTHUBHICTH B 30JI1 14,3+13,2
moBiTpi 5-13%)
Topd <39 6
Topd (Bmict kucHiO B moBitpi 21%) 31,4+ 2,1 7
Topd (BmicT kucHIO B oBiTpi 5-13%) 7,6 +6,3
CIIATIOBAHHS B IMYIli, ITOJyM’ STHE | TOBHE 3.7
JlicoBa miacTunka (COCHOBI TOJIKH, | TOPiHHS YIIOBITIOBAaHHS ’ sk
TOII0) 3i0paHi B 30Hi BimuyxkeHuss YAEC T . UMy, aKTHBHICTb
CHAJFOBAHHS B MY, TJIIFOYE TOPIHHS . ) <1
Ha BiTbTpi

* ABTOpHU HABOAATHL UU(pPH 6€3 HOACHEHHS COCcO0Y TXHLOro OfIepKaHHs, ** - naHa po6oTa.




BcranoBneHo, 1m0 BiACOTOK BHKHHYTOro B arMmochepy Cs 3HauHO 3pocTae 3
HiBUILECHHSAM TEMIIEpaTypu CHAJIOBaHHS 4YM HarpiBanHs 3oiu [3, 5, 17, 19]. e
MOB’SI3aHO 3 TMpoLecaMH YTBOPEHHS Ta BHIAPOBYBaHHsS JeTkux coonyk Cs 3
MOJTATTBIIIO0 KOHICHCAIIIEI0 TXHIX MapiB HA aePO30JbHHUX YaCTKAX IO Mipi OXOJIOKCHHS
JquMy. TakuMu JIETKHMU 1 CTIKUMHU 32 XapaKTePHUX IS TIOJIyM st yMOB criosrykamu Cs
HacamImepe] € foro rajgoreHiau. Ha puc. 1 mpencrarieHi 3aeXHOCTI TUCKY HACHUEHUX
MapiB TaJIOTCHIAIB NEAKHX JYKHUX METaNiB BiJ TeMIepaTypu. baunmo, mo ramxoreHian
1e3if0 OLTBII JETKI MOPIBHSIHO 3 €JIEMCHTAMHU aHAJIOTaMH — KalieM i pyOimieM i1 mo
HAMOLIBII IETKUM cepell HUX € Homun nesiro. [1lonpasna KMOBIpHICTE YTBOPEHHS TaKOT
CIOJIyKH JIOCHTh HU3bKa Yepe3 HU3bKY KOHIIEHTPALIiI0 aTOMIB 0/1y B HABKOJIUIIHBOMY
cepenoBuILi. AJie BiIMIHHICTh y TPYXHOCTI HapiB JJIs XJIOpUaYy LEe31f0 HE Taka Bxke U
BEJIHKA.
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Puc. 1. 3anexHicTh TUCKY HACHYEHOT APH T'AJOTEHIIIB ISSIKUX
Jy>KHUX METajliB BiJ Temrepatypu [20].

Konuenrpauis aromis Cs B pOCIMHHINA Maci Maa B IOPIBHSHHI 3 BMICTOM IHIIUX
eJIeMeHTiB, y mporieci 3ropaHas atoMu Cs BXOISTH JI0 CKJIQAY 30JIBHUX CIIONYK Y
BUTIAl momimkd. HarpiBanHsA 301m Oynme CymnpoBOMKYBaTHCH 3CYBOM DPiBHOBAaru
peakiif B OiK YTBOPEHHS JIETKHX CITONYK, SIKi OyIyTh MOKHAATH 30HY peakiii. Llei
mporiec B TBEPJAOMY CEpEIOOBHINI KOHTPONIOEThCA HuPy3ielo i, omke, Oynme
NPHUIIBHALIYBATHCh 3 POCTOM TEMIICpaTypH Ta dacy IepeOyBaHHS 30JdH B 30HI
HarpiBaHHA. OCHOBHHM KOMIIOHEHTOM [IepeBHOI 30/H € OKchudochaT KambIliio -
CasO(POs),. YTBOpeHHst camocTiiHUX (a3 Le3ito He OyJo BHABICHO HaBiTh y pasi
IITYYHOrO 3017bLIEHHS Horo BMicTy B 30ii g0 10%. 3i 30inblIeHHAM TemIepaTypu
TepMooOpobku 1o 700 °C crocrepiraeTbcsi 4acTKOBE pyHHYBaHHS Qocdaris, ske
KOPEJIO€E 31 3MEHIIICHHSIM BMICTY IIe€3if0 B 30ii. B iHTepBani temneparyp 20 - 500 °C
nesiit nepedyBae y ckiazi 3osm [19].

Ille Oimpima pi3HUNS Yy BiACOTKAaX BHKUAY (iHOAI OUTBII HDK Ha IOPSIIOK)
CHOCTEpIiTaeThCs MPHU MEePEXO0Ii BiI HOIyM STHOTO TOPIiHHSA A0 Tiirodoro [3-5, 7, 14, 17].
Lpomy cripusitoTh nBa (HaKTOpH — IO IEpIIe — 3HIDKSHHS TeMIepaTypu TOPiHHSA, IO
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JIpyTe — 30Ha TIIIHHSA SIK MPABUJIO BKPUTA IIApOM OUIBII XOJOAHOTO MOTIEITY, SIKHH MOKe
BUCTymaTH cyOcTparoM Uil KOHAEHcalii mapiB croiayk mnesito. Tak B Hamomy
EKCIIEPUMEHTI TP CHANIOBaHHI JIICOBOI MACTHIKMA HA aepo30JIbHOMY (DUTBTPi OCIIIO
8,4 % axtusHOCTI '3’Cs 171 IOTYM’ SHOTO peX)UMy rOpiHHs i MeHue 1 % Juis T/1ir040ro.

B mponeci ropiHHs mig Ai€l0 BUCOKMX TEMIIEpaTyp BiiOyBaeThCs Mipodi3
OpraHiYHOTO IaJMBa 3 YTBOPEHHSAM INHPOKOIO CIIEKTPY OPraHiYHUX CIIOIYK B
ra3omnoiOHOMY CTaHi. 3rOpsSHHS UX CIIOJYK 1 YTBOPIOE TIoayM 1. Koiu 3 1iemono3Horo
NaJIMBa BUBITPIOETHCS OLIBLIICTD JETIOUNX PEYOBHH IMOYMHAETHCS TIIII0YE TOPIHHS, SKE
0 CBOiM cyTi € mNoBepXHEeBUM mpouecoM. Kucene nudyHzmye p0 MOBEpxHi 1
€K30TEepPMIYHO pearye 3 ByriereMm mpu Temnepatypi >440°C 3 yTBOPEHHSIM YaHOTO
razy CO. Ilpu miaBumeHHi Temieparypu 1o 640-710 °C, i HasBHocTi kucHi0 CO Moxe
okucioBatuck 10 CO; [17].

JIpiOHI YacTHHKH TaJMBa 3 BUCOKHUM CITiBBiAHOIICHHSIM IMOBEPXHI 0 00'eMy,
HENIUTGHO YIaKOBaHE TMaJMBO 1 HU3BKUH BMICT BOJIOTH CIPUSIIOTH TOIYM'SHOMY
ropinHio. TpaBa, JIMCTS, HEIIUIBHO yIaKOBaHA MiACTHIKA i ApiOHI JepeBHI yJIaMKu
MalOTh CXWJIBHICTh TEPEBaKHO N0 IOJNyM'SHOTO TOPiHHS 3a YMOBH IIOMipHOTO 200
HU3BKOTO BMICTY BOJIOTH. TIJIIHHS € BaXXJIMBHM IIPOIIECOM TIPH 3TOpaHHI IEPEBHOTO
NaJvBa BEJIMKOTO JliaMeTpy, JOMIHYIOUUM IIPH TOPIiHHI JIEPHUHH, OPTaHIYHOTO IPYHTY
i Topdy. BirHocHa yacTka TiiI090T0 rOpiHHS 301IBIIYETHCS 31 301TBIIEHHSM BOJIOTOCTI
nanuBa [1].

Jist TiiHHS XapakTepHi Okl HU3bKI TEMIIEPaTy Py FOPiHHS, HEMOBHE 3rOpaHHs
OpraHiyHMX IMPOJAYKTIB MIpOJIi3y MajKMBa a TAKOX 3HAYHE 3POCTAHHS BMICTY 4aJHOTO
ra3y B IPOAYKTaX 3TOPAHHSA, III0 TOBOPUTH NP0 Ae(iUT KUCHIO B 30HI TOpiHHA. THiHHS
CYTIPOBOIKYETHCS IOSIBOIO TyCTOTO O1JI0TO MY, a¢pO30JIbHI YaCTKH SIKOTO YacTO PiJIKi
a0o0 HamiBpiJKi, BOHU MICTATh BOJXY Ta IIMPOKWIl CIEKTP OpraHidYHUX PEUOBHH (TaK
3BaHMH OLMnil Byryiens). B sikocTi iHAMKATOpa CIHIBBIIHOIICHHS ITOJIyM’ sIHE TOPIHHS —
TIIHHS IMHPOKO BHKOPUCTOBYETHCS MOIUdikoBaHuU KoedimieHnt 3ropanHs /MKS3,
MCE, modified combustion efficiency/:

Cco2

MK3 =——F—
Cc07 +Ceo

ne CO i CO,— KOHIEHTpAIii YaJIHOTO Ta BYTJIEKHCIOTO Ta3y B IMPOIyKTax
3rOopaHHs, BiAmosimHO [1].

V J1icOBHX MOKeEXaX MPOLECH TOPiHHS - 3aiMaHHs/ IUCTUIISLIS, TTOJIYM'sl, TIIHHS
1 TIIHHS/OKUCIICHHS BYTULIS - BiIOYBAaKOTHCS OJHOYACHO 1 4acTO B Oe3MOCEpe/Hii
ommsbKocTi [1]. JlabopaTtopHe criafoBaHHS MOKe OYTH 3aCTOCOBAaHE JUIS TOCITIKCHHS
KOXKHOTO 3 IHUX MPOIECiB, ale He iX CykymHocTi. KpiM TOro, kamepu 3ropsHHS HE
MOXKYTb aJICKBATHO BIITBOPUTH PO3MIp MOKEKI, TEMIIEPATYPy Ta BEHTWISILIO [17].

OCKUTBKH TeMIlepaTypa Ta dYac HarpiBaHHS BHU3HAYAETHCS BIUIHBOM DALY
(dakTopiB, HacaMmrepen CKJIaJOM TaJlMBa, WOTO BOJOTICTIO Ta MIUIBHICTIO
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po3TallyBaHHs, & TAKOXX HAJAXOPKEHHSIM IIOBITPS, MOXKHA 3pOOMTH BUCHOBOK, 110 IS
Ti€l % JIUIAHKY JIiCY, IPU TOMY X piBHI 3a0pyaHeHHs, Bukuy >’Cs 3 1UMOM 3a pi3HUX
YMOB (BOJIOTiCTh, HACAMTIEPE]T TiICTHIIKH, HATIPSIM Ta CHJIa BITPY) Oyie CYyTTEBO Pi3HUM.
Jlo mporo x NoTpiGHO BpaxyBaTH, LIO OCHOBHAa akTuBHicTE '*’Cs B Jicax 30HH
BIJUy’KECHHS 30CEpEeIDKCHA camMe B IIACTWINI, JUIA SKOi  CIHiBBiJHOIICHHS
TOPIHHS/TITIHHSI, B 3aJIGKHOCTI BiJl yMOB CITaJTIOBAaHHS 37[aTHE 3MIHIOBATHCH B ITUPOKUX
MeXax.

BucHoBknu

Busieneni B niteparypi po30bKHOCTI 111010 BU3Ha4YeHHs KoediuienTta emicii Cs
i 9ac J1ab0paTOpHUX CIATIOBaHb HAWOIIBII HMOBIPHO TIOB'SI3aHI 3 BIAMIHHOCTSIMH Y
JUCTIEPCHOMY  CKJIaJi TOCHIDKCHUX (QpPaKIiii UMy, BHKOPHUCTAHHIM METOJIUKH
BU3HAYCHHS BUKUJIY 110 3QJIUIIKY y 3011, & TAKOXK BIIMIHHOCTSIMH Y PEXKHMaX FOPIHHS,
00yMOBJICHUMH KOHCTPYKIIHHUME OCOOIUBOCTSIMH KaMep 3TOpaHHs Ta BapiallisiMA B
MATMBHUX MaTepiajax.

Koeinient Buxuay '¥’Cs HaBiTh 114 Ti€l % AUISHKY JTicy Oy/ie 3MiHIOBATHCh B
3aJIEKHOCTI B/l THITy IOXEXKi, peKHUMY TOPIHHS Ta HOTro TEeMIIEepaTypH, sIKi 3HAYHOIO
Miporo OyIyTh BU3HAYATHCh BOJIOTICTIO TOPIOYMX MaTepialliB Ta HAIXOHKCHHSIM KHCHIO
B 30HY TOPiHHS, BiJIMIOBITHO MBUIKICTIO Ta HAIPSIMKOM BIiTpY.

JlaGopaTopHe crajaroBaHHS MOXe OyTH 3aCTOCOBAHE JUISl JIOCIIDKEHHSI OKPEMHUX
MIPOILIECiB TOPiHHS, aJIe BOHO HE MOYKE XapaKTepHU3yBaTH BKIIA IIB IIMX OKPEMHUX IPOIIECiB
B XOJIi peanbHOi mMokexi. KpiM Toro, kamepw 3TOpsSHHS HE MOXYTh aJeKBaTHO
BIZATBOPHUTH PO3MIp MOXKEXKI, TEMIIEPATYPY 1 BEHTHWIIALIIO.

Ilepesik nocujianb

1. Peterson D. L. Wildland Fire Smoke in the United States: A Scientific
Assessment / D. L. Peterson, S. M. McCaffrey, T. Patel-Weynand. // Springer Nature,
2022. - 341 p. https://library.oapen.org/bitstream/handle/20.500.12657/57899/978-3-
030-87045-4.pdf?sequence=1

2. Koppmann R. A review of biomass burning emissions, part I: gaseous
emissions of carbon monoxide, methane, volatile organic compounds, and nitrogen
containing compounds / R. Koppmann, K. Von Czapiewski, J. S. Reid. / Atmospheric
chemistry and physics discussions 5.5 — 2005. -  10455-10516.
https://acp.copernicus.org/preprints/acpd-2005-0301/acpd-5-10455-2005.pdf

3. Amiro B. D. Burning radionuclide question: What happens to iodine, cesium
and chlorine in biomass fires? / B. D. Amiro, S. C. Sheppard, F. L. Johnston, W. G.
Evenden, D. R. Harris // The Science of the Total Environment. — 1996. — Vol. 187. —
pp- 93-103. https://doi.org/10.1016/0048-9697(96)05125-X

4. Hao W. M. Cesium emissions from laboratory fires / W. M. Hao, S. Baker,
E. Lincoln, S. Hudson, S. D. Lee, P. Lemieux // Journal of the Air & Waste Management
Association. - 2018. - Vol. 68 (11). - pp. 1211-1223.
https://www.tandfonline.com/doi/pdf/10.1080 /10962247.2018.1493001

5. Zhou L. J. Distribution of radionuclides between atmosphere and ash during
combustion of contaminated vegetation / L. J. Zhou, R. Rao, E. Corcoran, D. Kelly //

85


https://library.oapen.org/bitstream/handle/20.500.12657/57899/978-3-030-87045-4.pdf?sequence=1
https://library.oapen.org/bitstream/handle/20.500.12657/57899/978-3-030-87045-4.pdf?sequence=1
https://acp.copernicus.org/preprints/acpd-2005-0301/acpd-5-10455-2005.pdf
https://doi.org/10.1016/0048-9697(96)05125-X
https://www.tandfonline.com/doi/pdf/10.1080%20/10962247.2018.1493001

Journal of environmental radioactivity. — 2016. - Vol. 165, pp. 159-167.
https://inis.iaea.org/collection/ NCLCollectionStore/ Public/49/103/49103588.pdf

6. Martinsson J. Experimental wildfire induced mobility of radiocesium in a
boreal forest environment / J. Martinsson, G. Pédehontaa-Hiaa, V., D. Madsen, C. Raaf
// Science of the Total Environment. - 2021. - 792, 148310.
https://www.sciencedirect.com/science/ article/pii/S0048969721033817

7. Martinsson J. Influence of variable oxygen concentration on the combustion
derived release of radiocesium from boreal soil and peat / J. Martinsson, G. Pédehontaa-
Hiaa, V., D. Madsen, C. R&aif // Science of the Total Environment. — 2022. - 815,
152725. https://www.sciencedirect. com/science/article/pii/S0048969721078049

8. JBopHuk A. M. PapnoakTuBHBIE POXYKTHI ropenust / A. M. JIBopHUK, A. A.
JBopuuk // IIpoGnemsl necoBeneHus u jiecoBojcTBa: COOpHUK Hay4yHbIX Tpymos WJI
HAH Bbenapycu. Beimyck 74. - T'omens: MuctutyT neca HAH benapycu. - 2014. C. 431-
435.

9. Yoschenko V. L. Resuspension and redistribution of radionuclides during
grassland and forest fires in the Chernobyl exclusion zone: part I. Fire experiments / V.
I. Yoschenko, V. A.Kashparov, V. P.Protsak, S. M. Lundin, S. E. Levchuk, A.
M. Kadygrib, S. 1. Zvarich, Yu. V.Khomutinin, I. M. Maloshtan, V. P. Lanshin,
M.V. Kovtun, J. Tschiersch / Journal of Environmental Radioactivity V. 86, Issue
2, 2006, P.143-163.

https://inis.iaea.org/collection/NCLCollectionStore/ Public/52/067/52067297.pdf

10. Yoschenko V. I. Resuspension and redistribution of radionuclides during
grassland and forest fires in the Chernobyl exclusion zone: part II. Modeling the
transport process / V. I. Yoschenko, V. A. Kashparov, S. E. Levchuk, A. S.
Glukhovskiy, Y. V. Khomutinin, V. P. Protsak, J. Tschiersch // Journal of
Environmental Radioactivity. —2006. Vol. 87(3), pp- 260-278.
https://inis.iaea.org/collection/NCLCollectionStore/ Public/52/067/52067292.pdf

11. Sydorenko, V. Distribution and influence of forest fires on the ecological
and radiation situation in radioactively contaminated areas. / V. Sydorenko, S.
Yeremenko, V. Vambol, S. Vambol, L. Poberezhna // Procedia Structural Integrity. -
2022. Vol. 36, pp- 318-325.
https://www.sciencedirect.com/science/article/pii/S2452321622000427/pdf?md5=c9fe
036aec2ad124f00f157d28476ee&pid=1-52.0-S2452321622000427-main.pdf

12. Newman-Thacker F. Investigating the drivers of the unprecedented
Chernobyl Power Plant Wildfire in April 2020 and its effects on 137Cs dispersal / F.
Newman-Thacker, L. Turnbull // Natural hazards. - 2021. Vol. 109(2), pp. 1877-1897.
https://link.springer.com-/article/10.1007/s11069-021-04902-7

13. Tlazyxun, O. M. JlecHoil moxap Kak (aKkTop IepepacipeneeHus
PaJMOHYKIIHI0B YePHOOBLILCKOTO IeHE3KCa B OKpyKatoliei cpene / O. M. TTazyxuHn, A.
A. bopogoit, b.U. OropogaukoB // Pammoxmmmsa. — 2004. 1. 46(1), C.93-96.
http://www.physchembio.ru/mediafiles/journals/9_journal/issues/2004 46 1/R_2004
46 1 93-96.pdf

14. Kashparov V. A. Forest fires in the territory contaminated as a result of the
Chernobyl accident: radioactive aerosol resuspension and exposure of fire-fighters. / V.
A. Kashparov, S. M. Lundin, A. M. Kadygrib, V. P. Protsak, S. E. Levtchuk, V. L.

86


https://inis.iaea.org/collection/%20NCLCollectionStore/_Public/49/103/49103588.pdf
https://www.sciencedirect.com/science/%20article/pii/S0048969721033817
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/author/6602116489/sviatoslav-levchuk
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://www.sciencedirect.com/journal/journal-of-environmental-radioactivity
https://inis.iaea.org/collection/NCLCollectionStore/_Public/52/067/52067297.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0265931X05002456#!
https://inis.iaea.org/collection/NCLCollectionStore/_Public/52/067/52067292.pdf
https://www.sciencedirect.com/science/article/pii/S2452321622000427/pdf?md5=c9fe036aec2ad12f4f00f157d28476ee&pid=1-s2.0-S2452321622000427-main.pdf
https://www.sciencedirect.com/science/article/pii/S2452321622000427/pdf?md5=c9fe036aec2ad12f4f00f157d28476ee&pid=1-s2.0-S2452321622000427-main.pdf
https://link.springer.com-/article/10.1007/s11069-021-04902-7
http://www.physchembio.ru/mediafiles/journals/9_journal/issues/2004_46_1/R_2004_46_1_93-96.pdf
http://www.physchembio.ru/mediafiles/journals/9_journal/issues/2004_46_1/R_2004_46_1_93-96.pdf

Yoschenko,.V. A. Kashpur, N. M. Talerko // Journal of environmental radioactivity. —
2000. — Vol. 51(3), pp. 281-298. https://doi.org/10.1016/S0265-931X(00)00082-5

15. Talerko M. M. Evaluation of radioactive air contamination due to a forest
fire within the Exclusion Zone on June 5-8, 2018. / M. M. Talerko, T. D. Lev, S. L.
Kireev, V. O. Kashpur, G. G. Kuzmenko // fInepna enepreruka ta moBkims. - 2019.
BMII. 2, C. 47-57.
https://scholar.archive.org/work/fs6egep7wbchrfvzmlui7rn4dq/access/wayback/http://
npe.org.ua/wp-content/uploads/2019/09/N2-49-59.pdf

16. Paatero J. Resuspension of radionuclides into the atmosphere due to forest
fires / J. Paatero, K. Vesterbacka, U. Makkonen, K. Kyllénen, H. Hellen, J. Hatakka, P.
Anttila, // Journal of Radioanalytical and Nuclear Chemistry. - 2009. Vol. 282(2),
pp. 473-476. https://doi.org/10.1007/s10967-009-0254-9

17. Reid J. S. A review of biomass burning emissions, part II: Intensive
physical properties of biomass burning particles. / J. S. Reid, R. Koppmann, T. F. Eck,
D. P. Eleuterio. // Atmos. Chem. Phys. Discuss., 4, 5135-5200, 2004 DOI: 10.5194/acp-
5-799-2005 - https://acp.copernicus.org/articles/5/799/2005/

18. [Hwuakapenko B. K. ITatent Ha xopucHy Mmoaens Ne 153772. Ipuctpiit mis
CHATIOBAaHHs TBEPAUX MaTepiaiiB 1 BimOOPY Mpod Ui aHAIi3y PEYOBHH, IO MiCTATHCS
B MY . / B. K. llluakapenko, A. M. Hogixos.
https://sis.nipo.gov.ua/uk/search/detail/1 755183/

19. benxun @. B. Ilesmiicomepkamue ¢(a3sl B OPEBECHBIX  3071aX
4epHOOBUIbCKOTO paiiona. / ®@. B. Benkun, C. B. I'abenkos, P. B. Tapacos, H. C.
IontaBues, JI. M. Jlurteunenko, T. Il. Pepkoma. // Ilpobaemu Oe3mekw aTOMHHUX
CJIEKTPOCTAHIII N i YopuoOuss BHII. 11 2009 C.136-141.
http://dspace.nbuv.gov.ua/bitstream/handle/123456789/7417/18-
Belkin.pdf?sequence=1

20. Vapour Pressure Chart, accessed on January 12, 2015. http://luxel.com/wp-
content/uploads/2013/04/Luxel-Vapor-Pressure-Chart.pdf

LABORATORY STUDIES OF 137CS EMISSIONS FROM BURNING
CONTAMINATED BIOMASS

Forest fires and biomass burning in radioactively contaminated areas pose a
potential threat of atmospheric emissions of accumulated radionuclides. The paper
reviews the literature on Cs emissions from laboratory burning of contaminated
biomass and presents the results of comparing 137Cs emissions in burning and
smoldering modes obtained by the authors. A sample of forest litter collected in the
Chornobyl Exclusion Zone was burned in a specially designed furnace in flame and
smoldering modes. During flame combustion, 8.4% of 137Cs activity was recorded on
the aerosol filter, while only 0.2% was released for the other part of the same sample
during smoldering. The result is in good agreement with the known literature data and
demonstrates a strong dependence of 137Cs emissions on the combustion mode. The
identified discrepancies in the emission factors described in the literature can be
explained by the difference in the dispersed composition of the studied smoke fractions,
as well as the use of a not entirely correct methodology for determining the emission
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activity, in which all activity losses during the experiment can be automatically
attributed to smoke emission. It is concluded that under different initial conditions of a
forest fire, 137Cs emission factors, even for the same forest area, can be significantly

different.

BUJIYTOBYBAHHS YPAHY I PAJIIOHYKJIAIB 3 T'PYHTIB JJOKAJIbHOI
30HHU OB’€EKTA «YKPUTTS»

0oinyoe 0.0.

InctutyT npobnem 6esnexn AEC HAH Ykpainwu, By:n. Kiposa, 36- a, YHopHoOuuib,
07270, Ykpaina, ooodin@ukr.net

BuznaueHHs1 JKepea HaAXOMKEHHS IMPHUPOJHUX PaJiOaKTUBHHUX EJIEMEHTIB
(ypany, Topiroo, paxito Ta iH.) 1 ITy4HHX paxionykiiaiB (Sr-90, Cs-137, Pu-
238,239,240,2411 Am-241) B moBepXHEBi i IPYHTOBI BOIM HEOOXIAHO IS IPUHHATTSA
pimeHs mO MiHIMI3alii WX TPOLECiB, OCOONHMBO I BaXKIMBO UL ONMKHBOI 30HH
YAEC. MoHITOpUHT BMICTY ypaHy 1 pafioHyKIJIiliB B IPYHTOBii Boi, BimiOpaHoi 3
CIOCTEPEKHUX CBEPJIOBUH PO3TALIOBAHUX B JIOKaJIbHOT 30HU (JI3) 00’ €xTa « YKPUTTSI»
(OY), moka3zye mo B [esSKHX CBEpUIOBMHAX NpWU 3HA4HOMY 30impmeni pH i
KOHIICHTpAIlil TiIpoKapOOHATIB 1 KapOOHATIB CIOCTEPIra€ThCs 3HAYHE 30UTBIICHHS
KOHLIEHTpaLil ypaHy 1 00’€MHUX aKTUBHOCTEH paxionykmiaiB Sr-90, Pu-238,239,240 i
Am-241. HagxomkeHHs paJiOHYKIiIiB B IPYHTOBI BOAW MOJIJIHBO 3 KUTBKOX IKEped,
HaTpUKJIa] BUIYTOBYBAaHHS UM PO3UMHECHHS ypaHY i paJiOHYKIIi/TiB 3 aKTUBHOTO MIapy
IPYHTY 3 SIKUM KOHTAaKTy€ BOJA.

B momoBizi mpencTaBieHi TaHHI O BUIYTOBYBAaHHIO ypaHy i pamiOHYKIITIB 3
IPYHTY, BimiOpaHoMy npu OYIiBHHNTBI MiBHIYHOi CTpiuku (yHIAMEHTY HOBOTO
6esneunoro xoHgaamenty (HBK) - OY. BunyroByBaHHS palioHYKJiIiB 3 3pa3KiB
IPYHTY NPOBOAWIH JTy>kHUMHU po3unHamMu NaOH 3 xonnentpauiero Bix 0,001 mo 0,1
Moub/1 i posanramu NaHCO; Ta NaCOs 3 koruenTpamicro o iomam HCO3™ i COs* 1o
1000 mr/n. BunyroByroun po34MHHU Mayu JIy>KHICTb 3 3HaueHHsM pH Bix 8 no 11 ta
ioHHOIO crtoro 1 — 60 Mmounb/n. JIykHi Ta KapOOHATHI pO3UMHHU 10OpE BUITyTOBYBAJIH 3
JIOCITIHDKEHOTO TIIMAHOTO TPYHTY pamioHykimiam ypany - 234,238, crponiio-90,
Ty TOHI10-238,239,240 i amepuiiro -241.

MeTrooM TOCHIIOBHUX EKCTpPaKUii BHU3HAYEHO KUIBKICTH BOJOPO3YMHHHX,
0OMiHHUX, KApOOHATHUX i KUCJIOTO PO3YMHHUX (JOPM ypaHy, POAYKTiB finenns (*°Sr,
137Cs, 3Eu) i Tpancypanosux enemenTis (28Pu, 2724Py, 2! Am, >**Cm) B rpyHTI
JIOKQJILHOT 30HU 00’ €KTy «YKPUTTsS». 3HauHa KiNbKicTh *Sr 3HAXOMMTHCA y BUIIISI
KapOOHATHHUX CIIOJy4YeHb PO3YMHHHMX B cllabo kuciomy cepeposuii npu pH 4,8.
Pagionykmigun muyTonito 23¥Pu i 23%"240Py B rpymTax JI3 3HaxXomsAThCA B KHUCJIOTO
PO3YMHHUX (PopMax, a TAKOXK TIOB’s13aHi 3 aMOPGHUMHU OKHCIIaMU 3aJTi3a Ta aJIOMiHII0.
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LEACHING OF URANIUM AND RADIONUCLIDES FROM THE SOIL OF THE
“SHELTER” OBJECT LOCAL ZONE

Odintsov Oleksii

Institute for Safety Problems of Nuclear Power Plants NAS of Ukraine,
Kirova str., 36a, Chernobyl, 07270, Ukraine, ooodin@ukr.net

Determining the sources and speciation of natural radioactive elements (uranium,
thorium, radium, etc.) and artificial radionuclides (Sr-90, Cs-137, Pu-238,239,240,241 and
Am-241) in surface and ground water is necessary for making decisions to minimize these
processes, especially this is important for the near zone of the ChNPP.

Monitoring of the content of uranium and radionuclides in groundwater taken from
observation wells located in the local zone (LZ) of the "Shelter” object (SO) shows that in
which wells, with a significant increase in pH and the concentration of hydrocarbons and
carbonates, a significant increase in the concentration of uranium and volumetric activities
of radionuclides Sr-90, Pu-238,239,240 and Am-241.

Inflow of radionuclides into groundwater is possible from several sources, such as
leaching or dissolution of uranium and radionuclides from the active layer of the soil with
which the water is in contact.

The report presents data on the leaching of uranium and radionuclides from the soil
taken during the construction of the northern strip of the foundation of the new safe
confinement (NSC) - SO.

Leaching of radionuclides from soil samples was carried out with alkaline solutions
of NaOH with a concentration of 0.001 to 0.1 mol/l and solutions of NaHCO3 and Na2CO3
with a concentration of HCO3- and CO32- ions up to 1000 mg/.

The leaching solutions had alkalinity with a pH value from 8 to 11 and an ionic
strength of 1 to 60 mmol/l.

Alkaline and carbonate solutions leached uranium-234,238, strontium-90,
plutonium-238,239,240 and americium-241 radionuclides from the investigated sandy soil.

The water-soluble, exchangeable, carbonate and acid-soluble forms of uranium,
fission products (90Sr, 137Cs, 154Eu) and trans-uranium elements (238Pu, 239+240Pu,
241Am, 244Cm) in the soil of the local area of the SO was determined by the method of
sequential extractions.

A significant amount of 90Sr is in the form of carbonate compounds soluble in a
weakly acidic medium at pH 4.8. Radionuclides plutonium 238Pu and 239+240Pu in the
soils of LZ are in acid-soluble forms and are also associated with amorphous oxides of iron
and aluminum

Keywords: wuranium, radionuclides, leaching, sequential extraction, soil,
“Shelter” object.

89



JOCIIIKEHHSA PAAIOAKTUBHOI'O AEPO30JI1O BIJIBPAHOI'O ITPH
BUKOHAHHI POBIT B IPUMIINEHHAX OB’€EKTA «YKPUTT»

0oinyoe 0.0., Ilanamap JI.A., Cabenin I1. B.

IacturyT npobnem 6esnexkn AEC HAH Ykpainu, Byi. Kiposa, 36- a, YopHOOHIIE,
07270, Ykpaina, ooodin@ukr.net

[IpencraBneHi eKCIEPUMCHTANbHI  JaHHI BU3HAYCHHS  JTUCIICPCHOTO i
PamiOHYKJIITHOTO CKIIAy paioaKTHBHOTO aep0o30JIi0 BiTiOpaHOTO MPU BUKOHAHHI POOIT
B 2023 p B NpUMILIEHHSX Ha HIDKHIX No3Haukax oO0'ekry "Ykpurra' (OV).
Bcranoenennss apku HBK y mnpoekTHe NOJOXEHHS 3YMOBWIIO 3MIHH PEXHMY
HaJXOPKEHHS BOAM B TiJ MOKpiBenbHUM mpocTip OY. 3MIHUIMCS YMOBH BEHTHIISIIT
npumimens OY Ta TeMmrepaTypHO-BOJIOTICHOTO pexuMy B Hbomy. lle mpuBeno o
3HAYHHUX 3MiH YMOB yTBOPEHb Pai0aKTUBHOTO a€pO30JII0 Y NPUMILICHHIX KOMIUIEKCY
HBK-OVY. OcHoBHI Kepena YTBOPEHHS PalioaKTHUBHOTO aepo30Ji0 B NMPHUMIMIEHHIX
HBK-OV ne nmerpanarmis i pyldHyBaHHsS IMajJdBO BMHUCHUX MarepialliB, pyHHYBaHHS
noBepxHeBoro mapy (0erony, ¢papOOBOro IMOKPUTTS, METAJICBUX KOHCTPYKLIH) CTiH,
MiJJIOTH, CTEIl 1 TEXHOJIOTIYHOTO OOJagHaHHS MPUMINICHb 3a0pyAHEHUX
PaIiOHYKJITaMH T1iJT Yac aKTUBHOI cTafil aBapii Ha 4-my Ousori YoproOmbchkoi AEC
B KBITHI — TpaBHi 1986 poky. BucuxaHnHs ckymdeHb pagioakTHBHO 3a0pyIHEHOI BOAM
(P3B) sixa mocriiiHO 3Haxojwiacs B IPUMILIEHHSIX Ha HIDKHIX nosHaukax OV 1o
BcraHoBiIeHHA apku HBK B mnpoekTHE NOJOKEHHS IPU3BOAUTH [O YTBOPEHHS
BHCOKOAKTUBHUX JOHHUX Biakmazenp y mnpumimeHHsx HBK-OVY [1]. Bropunawmii
BITPOBHH mifHOM BHCOKOIUCIEpCHOT (pakuii JOHHMX BIAKIAJEHb BH3HAYa€
panioHyKIiHUHA ckyax 1 (i3MKO-XIMi4HI BJIACTUBOCTI PaJiOaKTHMBHUX aepo30JiB Y
MpUMIIIeHHIX Oaceitny- 6apboTepy [2,3]. PamioakTHBHOMY ae€po30ITi0 3 Pi3HUX JHKEpel
YTBOPEHHS 1 HaJXO/PKEHHS JI0 MOBITps MpUTaMaHHi cBOi crienuivHi QizuKo-xiMivHi,
pamiamiiiHi  XapakTepUCTHKH, PATIOHYKIIIHUNA CKJIQJ 1 CIIBBIIHONICHHS MIiX
pamionykmigamu *°Sr, 37Cs, 238Pu, 239"240py j 21 Am,

IIpoBenenns pobiT B mpuminieHasix HBK-OY moB’s3aHo 3 OTpUMaHHIM
MepCOHAJTy /103 30BHIIIHBOTO 1 BHYTpilIHbOTO onpomineHHs (JABO). Buznauenns 103
30BHIITHBOTO OMPOMIHEHHS HE CTAHOBITHh HiKHX MpoOJieM. BHyTpiliHe onpoMiHEHHS
CKIIQJA€ThCA 3 1103 OOYMOBJICHUX TEPOPATLHUM Ta IHTAIAIMIHHUM HAJIXOJKCHHS
pamionykiiaiB. Benmnumaa JIBO npu iHramsamiiHOMy HAJXODKEHHIO PaJiOHYKIIIiB
3aJIeXKITh BiJl AUCIIEPCHOTO 1 PaJiOHYKIIIJHOTO CKJIaly aepo30JII0, KJIacy X pO3YMHHOCTI
Ta I030BOTO KOeQiIieHTy, SKi HaOimpIwii ast TpancypaHoBux enemeHTiB (TYE).

B po6orti [4] npoTunuinosi MackH, 3i0paHi y BijBigyBauiB HopHOOHILCEKOT 30HU
BiguyxeHHs 1 ineTpu oxaHiel BilicbkoBoi Macku MP-5 Oynu npoanamizoBaHi 3a
JIOTIOMOT 010 alb(a-, 6eTa- Ta raMMa-CIieKTPOMETPil ISt BUBHAYSHHS 703 aKTHHOIIB 1
nponykTiB Ainenns. Pe3ynbraTé mokasanu, mo cepenHs e(eKTHBHA J103a Bij
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BJIUXaHHS 3a0pyIHEHOTO0 Aaepo30JIF0 Yy BHIAAKY OJHOJCHHOI MOI3IAKH
(YHUKHEHHS 4Yepe3 BUKOPUCTAHHS MacKu) cTaHoBWIIA 1,3 MK3B Ha JIIOIUHY.

Iine nanoi poOOTH — BU3HAYEHHS AMCIEPCHOTO CKJIAJy, BMICTY paliOHYKJIIiIiB
908r, 137Cs, 238Pu, 239*240Py i 24! Am, crienuiky pO3UMHHOCTI PafiOaKTUBHOTO aEPO30IIIO
BiJIiIOpaHOTO B NMPHUMIIICHHSAX Ha HIDKHIX TO3HAYKaX 00’€KTy «YKPHUTTS» Ta OIlIHKA
JI03M BHYTPILIHBOI'O ONPOMIHEHHS IIEPCOHANYy TP BUKOHaHHI pOOIT B HHX
MIPUMIIIICHHSX.

Jlst mocmimkeHs BiniOpaHi 3aco0u inauBiayanpHOro 3axucty (313) pecmipatopu
«Jlenecrox» JI-200 (PJI) sxi BukopucroByBanuchk crniBpobitHukamu 1116 AEC HAH
VYkpainu npu BUKOHaHHI po0iT 1o o0cTexxeHHro npuminiens 01/3, 001/3, 009/4, 017/2,
012/5-8 1 012/13-16 HBK - OV Ta Binbopy 3paskis P3B B nepion kBiTeHs — MUCTOIAT
2023 p. Yac BukoHaHHS poOiT ckianas 25 — 30 XBHIIMH.

I'ama-ciextpomerprynuid 1 pagioximiunmid ananiz 313 PJI nokasaB HasBHICTBH
pamioaKTMBHOTO 3abpyIHEHHS pecmipaTopa pamioHykmimzamu °Sr, ’Cs, '3Eu, 2Py,
2394239py 1 2! Am. ABTopagiorpadiuni gocimkernas PJI BAKOHyBamics BifNOBIJHO METOIUK
HazlaHux B poOoTax [5,6]. ABTopaaiorpadist pecriparopa 1mokasajia HasBHICTb OUIbII HX
260 «raps4ux» 4acTOK Ha IIOBEPXHI TKAHUHHM pectiipaTopa puc. 1-a. MatemaTniHa 06poOka
OTPUMAHOTO 3HIMKY pecripaTopa Hajajaa 3MOTy OI[IHHTH PO3MIPH «Tapsaux» 9acToK 1 iX
BITHOCHHMIT BHECOK B 3a0py/iHeHHS pyc. 1-0. MakcuManbHMIT po3Mip YacTOK CTaHOBITh 12 —
14 mMxm. Maibke 45 BIICOTKIB «rapsuux» 4acTOK MaroTh po3Mip 1 — 2 MKM L YacTKu
HaWOLTBIT HeOe3MeuHi MpH IHraSIIiHOMY HaIXOKCHHI PaJioHyKIIIIB 1 MOXYTh JTaBaTH
3HauHMH BHEeCOK B (hopmyBanHi [IBO mepconamy HBK-OVY.

1
L

L]
Mumber of parSicia
P
L
4
= ol il P it

a 6
Puc. 1. A - aBropaniorpama pecmiparopa «Jlernectok» miciisi BAKOPUCTaHHS B
NPUMILICHHAX 00’ €KTa « YKPUTTS», O - PO3MOALT «rapsuux»» 4acToK 110 po3Mipam

B 1abn. 1 HaBemeHi pe3yJabTaTH BHW3HAYCHHS AKTUBHOCTI PaTiOHYKIIIIB B
3paskax PJI ski BUKOPHCTOBYBAJINCH NP BUKOHaHI poOiT B nmpumimennsx HBK-OY B
2023 pomi. Sk TO cmimye 3 Tabnumi 1 B mepion 3 KBITHS MO JIMCTONAJ aKTHBHICTDH
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aepo30Iio B 00cTexeHux npuMinieHHs OY 3MIHIOETbCS B IIMPOKOMY Jliana3oHi BUI 76
1o 870 bk Ha 3pa3ok.

PesynbTate JoCTiKEHHST XiMidHOI CTIHKOCTI 1 PO3YMHHOCTI aepo30Ji0 TpH
MOCHIZOBHIAH 00poOILi KHCIIOTaMM SKi PO3YMHSIOTH BIAIIOBIAHI XIMIYHI CIIOIYKH
palnioHyKJIIIiB HaBeJIeHO B Taba. 2. Buxomsum 3 Makpo KOMIOHEHTHOTO ckiaay P3B
OY sKa € Iy»KHOIO TiIpo KapOOHATHOIO BOJOI0 MOYKHA TIPHUITYCTUTH 110 TIPU BUCHXAHHI
P3B yTBOpIOIOTBCS TiAPOOKHCH Ta COJi KapOOHATIB PagiOHYKIIIOBI sKi ITOOpO
pozunnstotses B 0,16 M HCl. Baecok BTOpHHHOTO MWIIO MiTHOMY BHCOXJIMX JOHHHX
BiZIKJIaZICHh B pa/lioaKTUBHE 3a0pyJHEHHS IOBITPS NMpUMIILEHb Oaceitny-0apOorepy
MOJKHA OIIIHUTH NMPHUOIH3HO K 60 %.

Tabnuys 1. Bmict panioHyKITiiiB Ha pecriparopi, bk
Tlata 90y 37Cs 54E, 238py, 239240p,, 2ATAm
04.04.23 |472+67 |383+£68 |0,78+0,17 | 1,39+0,19 |3,11+0,42 |10,6 + 1,8
02.06.23 |341+51 |301+46 |0,48+0,09 | 0,61+0,11 |1,41+0,24 |7,23+ 1,41
05.07.23 |380+54 |236+36 (0,49+0,13 | 1,21+0,19 |2,82+0,41 |7,08+ 1,39
06.08.23 |329+52 |369+47 (0,36+0,08 | 0,83+0,14 |2,01+0,31 [6,24+ 1,11
01.09.23 |40,5+6,9 | 34,8449 | <MJA |0,056+0,015 |0,18+0,04 |0,77+0,13
03.10.23 |116 £ 17 |54,1£6,7 | <MJA | 0,18+0,04 [0,47+0,07 |1,44+0,21
02.11.23 |171 +29 |73,6+10,3 |0,22+0,06 | 0,37+0,08 |0,95+0,14 |3,85+0,35
Cepennbo |264+156 |207+151 |0,47+0,38 | 0,66+0,51 |1,56+1,13 |5,3243,49

Tabauys 2. PO3YMHHICTH aepoO30JII0 B PO3BEACHUX KHUCJIOTaX, BIIICOTOK BiJ
CyMapHOi aKTUBHOCTI Ha peciiparopi

Pearent NSr | B¥Cs | 29240py | 241A | Cnosyku siki Mosxnuse
m po3un- MOXO/IKECHHSI
HSIFOTHCS aepo30II0
0,16 MHC1 | 70,6 | 57,4 9,79 24,7 | Timpookucu | BropuuHwmii
(imitatop Me(OH)y MIiAHOM TOHHUX
IUTyHKOBOTO Kapbonatu | BimkiaaeHb B
COKY) MeCOs3 TIPUMIIIEHHAX

MeHCO3 micist
pucuxands P3B
8 M HNO3 26,7 | 35,7 52,6 38,2 Oxcuan ITanuBHi

Me,Oy «rapsam»
(U0y) YaCTUHKU
HNOs; + HF 12,4 | 6,85 37,5 37,4 Cunikatu JlucnepryBanHi
MeSiOs, JIaBOIIOI0H1
MeSiO4 [ajJuBO BMHUCHI
UxZr,Si04 | yacTHHKH
UiZr,0,
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Tabnuys 3. AKTHBHICTb aKyMyJjbOBaHa Ha pecmiparopi (cepemus must 7
pecmipaTopiB) micis BUKOHAHHS pobit B mpuMmimenHsx OY y 2023 p. Bukopucrani
koedimient n03u (AK) € HaHBUINUMYU 3HAYCHHSAMU, HABEICHUMH B myOmikarisx 60 i
119 MKP3 a5t pobiTHHKIB (KOHCEpBaTUBHUH miaxin)[7].

Pamionykitig AKTHBHICTB, Bk Jlo3oBwit Jo3a, 38
koedimienT, 38/bk
0Gr 264 1,5 E-7 3,96 E -5
0y 264 1,7 E-9 449 E -7
137Cs 207 6,7 E-9 1,39 E -6
4By 0,47 5,0 E-8 2,35E-8
238py 0,66 4,3 E-5 2,84 E -5
239+240py 1,56 4,7 E-5 7,33 E-5
2 Am 5,32 3,9 E-5 2,07E -4
3aranom 3,50 E 4 (0,35
M3B)

OuiHOYHHH pO3paxyHOK €(EeKTUBHOI 03M NPH IHraIsALiHHOMY HaIXOKEHHIO
pamioHyKmimiB  3pobireHo B Tabn. 3 mpu HaHOIMBII KOHCEPBATHBHOMY ITiIXOi
BUKOPHUCTAaHHS 1030BOTO Koedimienta (38/bk). be3 BukopucTaHHS 3acO0iB 3aXHUCTY
nenHa JIBO moxe cranosuty 0,35 M3B. 3aXuCHI BIaCTUBOCTI PUIBTPYIOUMX MaTepiaiiB
OLIIHIOIOTECS 3a Jonomororo koedimienta npoHUKHOCTI (Kipw,%). BpaxoByroun
edekTuBHICTh  pecmipatopa «Jlemectok» piBHOT 1,9  BIACOTKIB  HAWOIIBII
KoHcepBaTHBHA omiHKa [8] JIBO nepconany moxe carartu 0,0067 M3B 3a oHy 3MiHYy.

AKTHBHICTh a€pO30JIiB sIKi MOTCHIIHHO MOXYTh HAIXOJWTU NPU JUXAHHI
(bakTHIHO BIMXaHHS Yepe3 YHUKHEHHI BUKOPHUCTAaHHS MAaCOK) 3MIA€THCS BHIIOIO, HiX
BU3HAYAETHCSI TPH MOHITOPHHTY paIiOaKTHBHOTO aepo30JII0 B TPUMIIIEHHSIX Ha
HIDKHIX mo3Haukax OVY. lIBumme 3a Bce, Le MOB’S3aHO 3 MICLEBHM IOBTOPHHM
CYCIICHIYBaHHSAM paJiOaKTHBHOTO MIUIy MEPCOHAIOM IIiJ] Yac BHKOHAHHA pOOIT
Bcepenuni npumimens OVY. e miaTBepmKye, M0 iCHye peadbHHUN PU3UK BAWXAHHS
AKTUHOIIB ITiJ] YaC BUKOHAHHA poOiT B npuminieHHsx HBK — OV.

BukopucranHsi 3aXMCHHUX MAacOK € HEOOXIZHHUM IIpi BUKOHaHHI poOIT B
npumimeHHsx HBK - OV mist miniMizartii 103, SKi TaK0X MOKYTh BHHHKATH BHACTI 0K
BIMXaHHS YaCTHHOK MAJMBHOTO THIY MIKPOHHOTO PO3MIipYy, IO MICTATH SK IMaJUBHUN
marepian, TYE i 10Bro icHyto4M NpoayKTH AiJICHHS.
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STUDY OF RADIOACTIVE AEROSOL SAMPLED DURING
THE PERFORMANCE OF WORK IN THE PREMISES
OF THE “SHELTER” OBJECT

Odintsov Oleksii, Palamar Larisa, Sabenin Pavel

Institute for Safety Problems of Nuclear Power Plants NAS of Ukraine,
Kirova str., 36a, Chernobyl, 07270, Ukraine, ooodin@ukr.net

Experimental data on the determination of the dispersed and radionuclide
composition of the radioactive aerosol selected during the performance of works in 2023
in the premises at the lower marks of the "Shelter" object (SO) are presented.

The main sources of radioactive aerosol formation in the premises of NSC-SO
are the degradation and destruction of fuel containing materials, the destruction of the
surface layer (concrete, paint coating, metal construction) of the walls, floor, ceiling
and technological equipment of the premises contaminated with radionuclides during
the active phase of the accident on the 4-th units of the Chornobyl NPP April - May
1986.

The drying of accumulations of radioactively contaminated water (RCW), which
was constantly in the premises at the lower marks of the SO before the NSC arch was

94



installed in the design position, leads to the formation of highly active bottom sediments
in the premises NSC-SO.

Carrying out work in the premises of the NBK-OU is associated with the
personnel receiving doses of external and internal radiation. The magnitude of the dose
of internal radiation during inhalation of radionuclides depends on the dispersed and
radionuclide composition of the aerosol, their solubility class, and the dose coefficient
(Sv/Bq), which is the largest for transuranic elements (TUE).

The purpose of this work is to determine the dispersed composition, the content
of radionuclides 90Sr, 137Cs, 238Pu, 239+240Pu and 2414Am, the solubility
characteristics of the radioactive aerosol sampled in the premises at the bottom marks
of the "Shelter" object, and the assessment of the dose of internal radiation to personnel
when performing work in these premises.

For research, anti-dust masks (respirators "Lepestok” L-200 (RL) were selected,
which were used by employees of the ISP of NPP of the NAS of Ukraine during the
inspection of premises 01/3, 001/3, 009/4, 017/2, 012/5-8 and 012/13-16 of the NSC -
SO and selection of RCW samples in the period from April to November 2023.

Gamma-spectrometric and radiochemical analysis of RL showed the presence of
radioactive contamination of the respirators with radionuclides 90Sr, 137Cs, 154Eu,
238Pu, 239+239Pu and 241Am. Autoradiography of the respirator showed the presence
of more than 260 "hot" particles on the surface of the respirator fabric. Almost 45
percent of the "hot" particles have a size of 1-2 microns, these particles are the most
dangerous in the case of inhalation of radionuclides and can make a significant
contribution to the formation of the internal radiation dose of the personnel of NSC-SO.

Keywords: aerosols, inhalation doses, radionuclides, “Shelter” object.

JNHAMIKA TEMIIEPATYPH B IPUMIIIEHHAX HBK - OY
B IIEPIOJ OCIHb 2022 -3UMA 2023-24
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AHoTanis

B po6oTi npezacTaBieHi Ta 00roBopeHi pe3ysbTaTi BUMIPIOBaHHS TEMIIEpaTypu
B npuMitieHHsx HBK-OVY B nepioj ocinb 2022- 3uma 2023-24.

BumiproBaHHsI NPOBOJMIM 3a JOIIOMOTOO JIOTEpPIB TeMIEpaTypH i BOJOTOCTI
noBitps Tuny DLT-11-Pt, RC-4HC ta mereocranuiii tunry PCE-FWS-20.

AHai3zy migiaHi cepeIHbOMICSIIHI 3HAUCHHS TEMIIepaTypH 3a BKa3aHHUU Iepio,
BCTaHOBJICHO, 0 AWHAaMiKa TemreparypHoro mois Bcepenuai HBK-OV BimmosigHa 10
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CE30HY 1 KODENIOE 3 TEeMIIEpaTypol0 30BHIIIHBOTO CEPEAOBHIIA Ta HOro JOOOBHM
KOJIUBaHHSIM.

®DikcyeThCs TEIUIOBA IHEPIIisl IO BEPTHKAJI, sIKa ITOB'sI3aHa TEIUIONPOBIAHICTIO Ta
00'eMHOIO TEIUIOEMHICTIO MaTepialiB.

Cepennst Temreparypa B MPHUMIIICHHSIX, B SKUX MPOBOIWINCH BUMipPIOBaHHS,
3HaXOMUThCA B Mexkax 14,943,3°C 3 #imoBipHicTio 0,95, xoedimient Bapiarii 10,46%,
10 XapakTepu3ye MIHIUBICTH SK CepelnHio, cTaHmapTHe BiaxwieHHS Bix 0,58°C Ha
HIDKHIX BimMiTKax g0 6,38°C Ha BepxHiX.

B npumimennsx, B askux npucytHi [IBM (012/7,210/7, 305/2), Temuepatypa Ha
1,5-2,0°C i 6inbIe BUIIA, HiX B CYCiAHIX 3 HUMH Je BiacyTHi [IBM (Hanpukian, mpuM.
318/2, 006/2, 207/4), TennoBuii eperpiB B MPUMIIIEHHIX He croctepiraetscs, [IBM
MaloTh He 3HaYHI TEMIIEPaTyPH 1 OXOJIOKYIOTHCS TPUPOJIHUM IIIIXOM.

B nanuit yac mpobiema TermaoBoi HeOe3MeKH BiJICYTHS I MOXKE PO3TISIATHCS
JMIIe TpH BapiaHTax neperBopeHHst OY, mpu SKUX MPUPOJHI LIUISIXH OXOJIOMKESHHS
[1BM 0OynyTh nepekpHuri.

Kniouosi cnoea: temmneparypue mone, temmeparypa, HBK-OVY, IIBM,
CepeHbOMICSIYHA TEMIIepaTypa.

Beryn

VY3aranpHeHI 3HaHHA Tpo 4-if  eHeproOmox YopHOOHMIBCHKOI aTOMHOL
enekrpocraniii (YAEC) cranoM Ha cepenuny TpaBHs 1986 p. Oyn0 BMIIICHO B TOBIALI,
MiANACaHI KepiBHUKAMH 1 BINMOBINANEHUMH TIpAIliBHUKAMH |HCTHTYTY aTOMHOL
e”eprii im. Kypuarosa, BHAIIIET, HAKIET Tta PagieBoro incturyTy iM. XiomiHa Ta
3aTBepUKEHIN 3aCTYITHUKOM MiHicTpa MiHcepeamanry.

B moBiami Takok MpHBENEHI JaHi MPO TEMIEpaTypH B PEAKTOpi: « ... MPH
007p0Tax po3BaJIeHOTO peakTopa 27, 28 Ta 29 kBiTHA 1986 p. UiTKO CcrIOCTEPIraInuch Ba
BOTHHINA: BEJMKE — Ha IOBEPXHI OOBAaJCHMX KOHCTPYKLIH B paiOHI Kparo IIaXTH
peakropa 1o oci 45 i 6aceliHy BUTPUMKH, iHIIE BOTHHUIIE — HIDKYE, HA JTHI BOPOHKH,
puOJIM3HO MO LEHTPY aKTHBHOI 30HM. Temmeparypa BepXHbOTO IIapy BOTHHUINA IO
KOJILOpY 1 TeIIoBi3opy BH3Hauanach B Mexax 600 - 700°C, a B MOMEHT HiKy
MOTYXHOCTI IAJIMBO MOIJIO JOCATHYTH Temmepatypu Buime 3000°C, ax 1o
temnepatypu 3700°C» [1].

[Micns 3acumku peakropa (27.04.86 — 10.05.86) cBuHIeM, KapOimoMm Oopy,
JIOJIOMITOM Ta ITICKOM 1 TJIMHOIO [2] po3paxyHKOBI OI[IHKM CTaHy peakTopa IOoKa3aiH,
0 TeMIIepaTypa CyMillli alnBa, MCKy 1 0CKOJIKIB rpadity ckimamana 300-400°C mixg
3aCHIIKOIO B IaXTi peakTopa [3].

Jo oceni 1986 p. Bmamocs mpoiTh OaraTbMa BHYTPINTHIMH NPUMIIICHHIMH
3pyiHOBaHOTO 4-r0 010Ky YAEC Ta BCTaHOBHTH KOHTPOJIOIOYi MPUIATN Y BiTHOCHO
JOCTYNHUX 30Hax. L{e 103BOMNIIO BUSIBUTH MicCIisl, B IKUX 3HAXOJUJIOCH SAEPHE MAINBO
IIISIXOM HENpsIMUX BUMIPIOBAaHb, @ TAKOXX YMOXIIMBHJIIO BHKOPHCTaHHS PE3YNIbTATiB
TIPY OI[IHKaX MacH MajJKBa B OKPEMHX ITPUMILICHHSX.

Hanpuknan, B npuMimiensi 213/2 Temneparypa Ha MOBEpXHI 3MiHIOBaJIach BiJ
40 no 60 °C, a B CTiHi, B CBEp/UIOBHHI, sIKa MPOMIEHA MiJ] KyTOM BBEpX (B MPOCTIp
MiIpeakTOpHUX mpuMimens), pocsarama 150 °C. Ili nani BkazyBajaM Ha 3Ha4yHe
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CKYITYEHHS ITJIMBa B NPHUMIIIEHHSX, [0 PO3TALIOBaHI BUILNE 1 Ha 3aXiJ BiJ LBOTO
NPUMILIEHHS.

B minoMy, mociiJUKeHHS TeMIlepaTypHHX IOJIB 1 TEIUIOBMX IOTOKIB 3irpanu
B)XJIMBY POJIb Y BUBYCHHI SJIEPHOTO NajiBa B yMoBax 00'ekta « YKputTs» (OY).

HacTynmHuM eramoM KOHTPOIIO (JIOCTIKEHHS) TEMIIEpaTypHHX IOJIB, YXKe
micnst nodynosu OV i kommutekey HBK-OY (Hosuit 6e3neunnit koHGaHHMEHT), cTann
BUMIpIOBaHHS 1X B NPHMILMICHHSAX, NEPEKPHUTTAX Ta B YHCICHHUX CBEPIJIOBHHAX, SKi
Oynu mpo¥IeHi B IaXTy peakTopa i CKyImueHHs MaInBoBMicTHHX MaTepiainiB (IIBM).

3aBIaHHS KOHTPOITIO - OTPUMATH YUCEIHHY iH(QOpPMAIIFO B PEKUMi MOHITOPHUHTY
PO IMHAMIKy OCHOBHHX MeTeoponorquHx HapaMeTplB (MikpokiiMar) B HpOCTOpl
HBK-OVY. o MleOKJ'IlMaTI/I‘{HI/IX MOKA3HUKIB BiJHOCSTBCS Temmneparypa, BOJIOTICTb 1
HIBUJAKICTh PyXy IHOBITps, TeMIeparypa IOBEpXOHb KOHCTPYKIIH, II0 3aXHILAIOTh,
Npe/IMETIB, yCTaTKyBaHHs, a TAaKOX AEsKI 1X MOXiJHI: TpajieHT TeMIlepaTypy MOBITPs
0 BEPTHKAJIi 1 TOPU30OHTAJI MPUMILIEHHS, IHTEHCUBHICTb TEIJIOBOTO BUITPOMIHIOBaHHS
BiJl BHYTpIIIHIX TOBepXOHb. MeTa poOiT - o1iHnTH BIUIMB MikpokiiMarty B HBK-OY na
sanepHy i paxgianiiiny 6esnexy (S1b i PB), cran [IBM, OyniBenbHi KOHCTPYKIIT, 3MiHH
JIMHAMIKY BUIIAPOBYBaHHS-KOHICHCALlIT BOJIOTH, PEKOMCHIYBaTH KOPUT'YBaJIbHI 3aX01H
10710 POOOTH CHCTEM BEHTHIIALIT [4].

B maHifi poOOTI pO3TISIHYTI pe3yibTaTH KOHTPOIIO TEMIIEPATYPH B PEKHMI
MOHITOPHHTY B Tiepiof 3 BepecHs 2022 p. mo moTtuii 2024 p., BKIFOYHO (6 ce30HIB a00
18 wmicsmiB), Ha JIETKiil MOKPiBIi 1 B AesikuX npuMimeHHsIX OY B yMOBaX KOMIUICKCY
HBK-OV.

CraH npo0/ieMH Ta aHAJI3 JiTepaTypHUX JaHUX

3nanHuil B ekciutyaraiito B Kinui jgucronana 1986 p. OY He MaB onajiioBaHHS,
000JIOHKa HOro Cropynau, IO JOoKamizye, He Oynma repmeruuna [5], ycepemuni OY
MIKpOKJIIMAT TiATPHUMYBABCS JIMII B OKpeMUX npuminieHHsx onoky I' i JICPB.

YV npumimennsx 6moky b, JIE Ta mammuHoro 3amy OV Temmeparypo -
BOJIOTICTHHH PEXHM 3aJIeKaB BiJl METEOPOJIOTIYHUX YMOB 30BHIIITHHOTO CEPEAOBHIIA TA
CXWJIBHHUH 10 CE30HHMX 3MiH TEMIIEpaTypH Ta BOJIOTOCTI aTMOchepHOro moBiTps [6].

Temneparypa, 3a pe3yibpTaTaMy 0araTOpiYHHX CIIOCTEPEKEHb CEPEeIHS JITHS
BcepeanHi OV Oyna npubausno 5°C HUXKYe, a 3MMOBA NPUOIM3HO CTUIBKH XK BHIIE, HIK
30BHI OV [6].

VY npumimensasx OY BOoHa KOJIMBAJIACh B IMIMPOKHX MEXaX y 3MMOBO-BECHSHY
MOpy POKY Ta Ma€ JOCUThH CTaOUIbHI 3HAYEHHSI y JITO - OCiHHIN ce30H. Taka cuTyartis
00yMOBIIeHa HAsIBHICTIO TEXHOTEHHHX JDKepeln Teruia (00irpiB mpuMilieHs) B 3MMOBHA
nepioz.

VY nito - ociHHIN mepion y mpumimieHHAX OMoKy b Ha HWXHIX MO3HaYKax
3HAUEHHS TEMIIepaTyp CIOCTEpirainch HAaWMEHIN, HANPHUKIAJ, il cepeIHbOMICSTHI
3HaueHHs y OaceiiHi - 6apboTepi gocsraroTh +7°C - +10°C, mpu Temnepatypi +20°C ta
BHIIIC HA BEPXHIX BiMITKaX.

Sk moxkasanu peryispHi Bumipu (1 pa3 Ha TwxAeHb mpoTsrom 1998 - 2004 pp.)
TemIiepaTypy B 29 KOHTpoabHUX Toukax 010kiB b i I" 3HaueHHs ii koauBanucs B Mexax
Bix -10 ° C (1998) o +39 ° C (2003 p.), B 1997 p. npu BUMIpIOBaHHIX TEMIIEPaTypH B
L3 (mpum. 914/2) i Ha TpyOHOMY HakaTi (ikcyBanu MiHIMaJIbHI CepeIHbOI000BI
3HaueHHsA B Mexkax -9,2°C -12,8°C, makcumanbhi +19,5 - 427, 4 ° C [7 -9, 10].
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OxpiM BKa3aHOTO, BUMipIOBaHHS TEMIEpaTypy BUKOHYBAJINCh B CBEPAJIOBUHAX,
32001 skux posrairoBai B mpum. 305/2, 304/3 1207/5,6, B iuX NPUMIIIICHHSX 110 Pi3HUM
OLIIHKaM po3TalloBaHi 3Ha4Hi ckymueHHs: [IBM, mo mictsate npubiuzHo no 80-100 T
SIEPHOTO MaJINBA.

[icnsa ycranoBku HEK B mpoektre monosxeHns B kiami 2016 p., moynHao4H 3
cepequan 2017 p., TOYamM MOHITOPHHT TEMIIEpAaTypH Ta IHIIMX OCHOBHHUX
METEOPOJIOTIYHHX ITapaMeTPiB:

1) Ha nerki#t mokpiBm OV (mix apkoto) i B mpuM. 6004;

2) B mpocTopi 6ins 3aximHOi onopu Oanku «MamoHT» i Ha cxomax 059/2 (BigMm.
41.500);

3) B npumimenHi 318/2 (cycimne 3 305/2 1 304/3) — nminpeakTopHi MPUMILICHHS;

4) npumituennsx 012/7 (Biam. 0.000) i 210/7 (Bigm. 6.000).

OxkpiMm Bkazanoro, t°C BHMipioBaiach B CBepAJIoBUHAX (cucteMamu «DiHinm 3
1994 p. ta EJIC 3 TpaBus 2017 p.), mwo npoiigeHi B ckymuenns [IBM, ski po3ramioBasi
B mpuM. 210/5,6 304/3, 305/2 , 307/2 (momoiaes Ha INUDECO 2023, Ha nanuii dac
BUMIpIOBaHHS BeAyThcs B 13 Toukax B 6 CBepUIOBHHAX). B mux mpuMilieHHAX MO
PI3HUM OIIIHKaM po3TalloBaHi 3HauHi ckymaeHHs [I1BM, mo mictars npubnmsso 1o 80-
100 T simepHOrO NAIMBA.

Ha pammit wac HaiiBumi Temmepatypu (GIKCYIOTBCS B CBEpPIJIOBHHAX, SIKi
npoiineni B mpumimenns 305/2 (miapeakTopHe), a came B ceepanoBuHi F0.9.5.

Hwxue, Ha pucyHKy NpeACTaBICHUH Tpadik, IO XapakTepu3ye ITUHAMIKY
MakcuMabHuX 1 MiHiMatbHUX t°C B cBept. H0.9.6 3 1994 o 2022 p. BkIto4HO (3a0ii
cBepUIOBUHH B TipuM. 305/2).

Sk BuaHO 3 rpadika, piuni Bapiauii t°C micns ycraHoBku HBK B mpoekthe
nosioxxeHHs (27 nucronaza 2016 p.) 3MEHIIMINCH, cTadiIi3yBanucs, a MiHycoBi t°C He
CIIOCTEPIraroThCA.
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Puc. 1. lunamika (3MiHN) MakcUManbHUX 1 MiHIManbHUX Temmepatyp (T°C) B gaci B
npum. 305/2
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Martepianu i MmeToau

Texniyni 3aco6u. /st KOHTPOIIIO TMHAMIKY TeMIepaTypH B npuMiineHnsx HBK-
OY 3acToCOBYBaJIMCh TPH THUIIN NIPHUIIAIIB:

6) mereoposoriyni crannii Tumy PCE-FWS-20 (puc. 1) — 2 xoMIuiexTH;

6) norepu (matumku) temmeparypu (T°C) i BigHOCHOI Bomorocti Rh% tmmy
DLT-11-Pt B xommutekTi 3 30BHImHIM mataukom temneparypu TCII-1-6 (puc. 2) — 3
KOMIUIEKTH;

B) peectpatopu (matuuku) temnepatypu (T,°C) i BigHOCHOI Bomorocti (Rh, %)
tuny Elitech RC-4HC (puc. 3) — 2 npunam.

KanibpyBanHs mpuiazniB BUKOHAHO BHTOTOBIIOBaYeM (IificHe 2 poOKW 3 IaTH
BUT'OTOBJICHHS), TIPHJIaI! BUI'OTOBJICH] 1 MPUHAHATI y BiJIIOBIIHOCTI 3 00OB'S3KOBUMHU
BUMOTaMH AepxkaBHUX crannapriB i TY YV 33.2-14242882-004-2011.

IIpu 1pOMY TOYHICTH 3aCTOCOBaHHX HpWIAAiB mo Temmeparypi = 0,5°C (-
20°C/+40°C) i £1°C (B inmux inrepanax) [11, 12, 13].

Puc. 1 (Fig. 1)

* Puc. 2 (Fig. 2)

Puc. 3 (Fig. 3)

[pornenypa (MeToavKa) IPOBEIEHHS BUMIPIOBAHb Ta 06’ €MH pobiT
a) [linrotoBka mpuaagiB 10 poOOTH:

- 03HalOMIJIEHHS 3 IHCTPYKIII€IO IO eKCIUTyaTallii IpuiIais,

- IepeBipKa JHKePet KUBJICHHS,
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- iHcramsmis I13 Ha KOMO'IOTEpH JOMAIIHBOTO Ta IIOJNBOBOrO OQiciB Ta
HaJalTyBaHHS nNapaMeTpiB (mepiogy apxiByBaHHs, JaTH, 4acy, QopmMary,
MiHIMYMiB/MaKCUMYMIB Ta IHIIUX IMapaMeTpiB, BiIIOBITHO IO TUHAMIKHA BEJIHYUH, 10
OUIKYIOThCSA);

- TecTyBaHHA (TIOPIBHSHHSA NOKa3iB i3 3pa3KOBUM TIPUIAZOM) IpHIALiB B
nmabopaTopHHEX yMoBax B YopHOOMII epen ycraHoBKoIo iX B HBK-OVY.

6) IIpoBeneHHSI BUMipIOBAHb:

- TpaHCIIOPTYBaHHS (IOCTaBKa) BUMipIOBAJIHHHUX TPUCTPOIB Y MICIS YCTAHOBKU
(Micms yctaHOBKM BU3Ha4daioTh B T3 Ha H/IP);

- peryJsipHi 3HATTA NOKa3aHb 3 NPWIALIB Ha IIEPCOHAIBLHHH KOMIT'IOTEp
(HeTOyK), Ha SIKOMY BCTaHOBJICHO BIJIIOBiJIHE /10 NMpHJIaJy NporpamHe 3abe3neyeHHs
(e piaure ogHOTrO pasy B 1-2 micsi);

- IIpY 3HATTI [TOKA3aHb MapajielbHO BUKOHYIOTH: 1) 30BHIMIHIM OrIsf, 2) OLIHKY
CTaHy JpKepenia JKHBICHHS, 3) NepeBipKy 3aloBHEHHS mam'sTi (mpu HeoOXigHOCTI
OUMIIEHHS mam'arti), 4) mepeBipKy IOKa3iB JaTh 1 4acy, S5) MepeBipKy Iepiony
apxiByBaHHs (Tepion apXiByBaHHs ckiangae 60 xB. abo 80 xB), 6) mepeBipKy MOBHOTH
MMOTOYHUX TIOKA31B METCOPOJIOTIYHHX IapaMeTpiB (Bepudikaris);

- KOHTPOJIbHI BUMIPIOBAHH.

B) JlocraBka iHdopmamii B momamHiid odic, Bepudikamis, o0poOKa,
IHTepIpeTaIis, 3BITHICTb.

Pe3yabTaTH i 00roBopenHs

PegynpraTv BUMIpIOBaHHS TeMIlEpaTypd B MPUMILICHHSIX apXiByBaJHCh
(3ammcyBaiuch) B mam'siTh npuiiafiB 3 intepBamom 60-80 xB., 1m0 ckiaaganro 400-700 i
OispIlIe BUMIPIOBAaHb B MiCAIlb B OMHOMY IIPHUMIIIEHHI.

[Ticns 3HATTS MOKa3iB 3 MaM'sATi MpuiIafiB i Bepudikarii JaHUX IIOTOAMHHHX
CIIOCTEPEIKEHb TEMIIEPaTypU CKJIAJAINCh PENPE3CHTATUBHI BUOIPKH JaHUX 3 METOIO
aHaJIi3y 1 OI[IHKM TEeMIIEpaTypPHHX IIOJNIB Ta BUCHOBKH 3arajlbHOTO XapakTepy Ha 0a3i
MaTeMaTU4HOi CTATHCTHYHOI 00pOoOKH.

B rtabmmmi 1 mpuBeseHI cepelHBbOMICSYHI 3HAUCHHS TeMIlepaTypd B
NPUMILICHHX Ta B IBOX CBEPUIOBHHAX B mepiox ocinb 2022 p. — 3uma 2023-24 pp., a
B TaOmumi 2 IMOKa3HUKM OMHMCOBOI CTATUCTUKH LIUX CEPEAHBOMICSIYHHMX 3HA4eHb, Ha
pucyHKax 4 1 5 Bi3yamizamis JMHaMIKH cepeJHbOMICIYHUX 3HaYEHb Y BKa3aHUH MepioJ.

Tabauys 1. CepeqHbOMICSYHI 3HAUCHHS TEMIIEPATYPH B TOUKaX BUMIPIOBAHHS B
MIPUMIIIEHHAX Ta CBepaioBUHAX B miepion 01.09.22 —29.02.24 pp.

rooms | ;| CXOMM | OHOpa | NPUM. *NPUM. |IPUM. | OpUM. [**npum.
Date | 6004 (+67.0) 059/2 o/m | 318/2| 304/3 |210/7 | 012/7 | 305/2
(+65.0) 7 (+42.0) | (+45.0) [ (19.0) | (+9.0) [(+6.0)| (0.0) | (+13.1)
1 2 3 4 5 6 7 8 9 10

Bep.22 | 20.1 20.6 21.7 21.4 16.8 | 19.56 |1532| 13.37 24.6
Kos.22 17 18.3 18.2 17.4 |17.07| 1998 |15.57| 13.42 25.2
JInc.22 | 134 15.1 14.5 13.6 |16.49| 19.83 | 15.63| 13.59 25
I'py22| 7.8 11.2 10.9 10.7 | 1439 | 18.69 | 15.6 | 13.45 22.1
Ciu.23 7.5 10.1 10 9.9 12.68 | 17.21 | 153 | 13.01 204
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3axinuenns maon. 1

1 2 3 4 5 6 7 8 9 10
Jror.23| 5.7 9 9.1 9 1148 | 16.05 |14.78 | 12.65 19
bep.23 5.7 9.8 9.4 94 |11.76 | 1527 | 1429 | 12.16 18.3
Kgi.23 9 12.5 11.8 119 |11.39| 15.18 | 13.88| 1235 19.2
Tpa23 | 115 14.5 14.9 151 | 11.81| 1547 |13.71 | 12.56 19.7
Yep.23 | 16.1 17.9 18.5 18.7 113.04| 1621 |13.88| 12.76 20.7
Jun.23 | 21.1 22.6 21.3 214 1527 | 1741 | 1421 | 13.06 222
Cep.23 | 22.6 242 233 223 11643 | 18.63 | 14.57| 13.36 23.1
Bep.23 | 21.8 232 22.9 22.8 173 | 19.67 | 15.17| 13.63 243
Kos.23 | 18.8 19.6 20.2 19.6 182 | 20.27 | 154 | 13.96 25.8
JInc.23 | 153 18.2 16.7 16 17.75| 20.27 |15.58 | 13.87 26.1
I'py.23 7.4 12.2 11.8 11.8 |15.12| 19.1 |[15.64| 13.72 23.3
Ciu.24 4.6 9.6 9.7 9.6 125 | 1747 | 1532 | 13.22 20.1
Jlror.24| 5.4 9.99 9.6 9.6 1146 | 1573 |14.94 | 12.66 19.3

* - BUMIPIOBAaHHSI BUKOHYIOTBCS JIOT€POM 3 BHHOCHHM JETEKTOPOM TEMIIEPATypH depe3 Tpyoy,
sIKa TIPOXOAUTh 3 puM. 318/2 B npumitueHns 304/3 Ha ruOuHy mpuoIU3HO 4 M.

** _ BUMipIOBaHHs BUKOHYIOThCs cucTemoro EJIC.

Tabauys 2. TIoka3HUKHA OTIMCOBOT CTATUCTUKH CEPETHBOMICSITHUX 3HAYCHD
TEMIepaTypy B IPUMIIIEHHIX Ta CBeputoBHHAX B mepiox 01.09.22 —29.02.24 pp.

Eol 2 Q = Q pC IS N =
—_ —~_~ —~_~ ~ o~ o (—} [o\]

EE| 22238 |85 |85 | 25| 82| 5| 22|27
ISR . N ~ [a\] S n . o =N . O . e [= A
ES | ZE9 | 92 | BY| &7 | ET | EF | EX| £ | Fa
=i= = + = + = + e + =~ = - IS = ~ * =
S| BT |7 |87 |87 &8 |E |8 |8 |8
S e S E ) = ] &

f;peﬂ' 1282 | 1548 | 1525 | 15.01 | 14.50 | 17.89 | 14.93 | 13.16 2%'1

MIH. 460 | 9.00 | 9.10 | 9.00 | 11.39 | 15.18 | 13.71 | 12.16 1%'3

MAKC. | 9260 | 2420 | 23.30 | 22.80 | 1820 | 2027 | 15.64 | 13.96 2%'1

MU= g0 | 152 | 142 | 138 6.8 5.1 19 | 1.80 | 7.80

Tyna

;T;‘XHI" 638 | 519 | 516 | 503 | 248 | 188 | 068 | 053 | 261

xoed. | 49.74 | 3353 | 33.86 | 3349 | 17.13 | 10.49 . ., | 1181

sap. ” o, 0, o " o, | 453% | 405% |
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Puc. 5. J/IluHamika TeMIiepaTypHOTO I0J1st B iHTEpBai OyiBEJIbHUX BiZIMITOK
0.000 —9.000

Junamika TemneparypHoro nons Bcepeauni HBK-OY BinnosigHa 1o cezony i
KOPEJIIOE 3 TEMIIEPATypPOIO 30BHIIIHBOTO CEPEAOBHILA Ta H1OT0 JOOOBHM KOJIMBaHHSM.
MinuBicTh (PO3CISIHHSI) CEpeIHbOMICIYHMX 3HAYECHBb MapaMeTpy 3a JOCIIKyBaHHUH
nepion cnabka (koed. Bap. <10%) Ha BimmiTkax 0.000 — 6.000, cepenns (koed. Bap.

11% - 25%) na Bigmitkax 9.000 — 13.000 i 3HayHa (koed. Bap. >25%) Ha BimMITKaxX
42.000 — 67.000 (muB. Tabmn.2).
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Cepennsi Temneparypa Mo BCIM IMPUMILICHHSAM (B pO3paxyHOK HE BKIIIOYEHO
npum. 305/2 ceept. 10.9.5 tabn. 2) 3Haxonurkes B Mexax 14,9+3,3°C 3 iiMoBipHicTIO
0,95, xoeodimient Bapiamii 10,46%, mo XapakTepH3ye MIHJIUBICTH SIK CEPEAHIO,
crangaptHe BigxwieHHs Bix 0,58°C Ha HIDKHIX BiaMiTKax 10 6,38°C Ha BEepxHIX.

[pu ananisi rpagikis (puc. 4, 5) BUAHO, IO eKCTPEeMyMH (MiH., Makc.) Ha
BiaMiTkax 0.000-13.100 3mimieHi no BigHomeHHIO 10 Bigmitok 42.000 — 67.000 Ha 1-
1,5 Mic., 1110 NOB'SI3aHO 3 e(hEKTOM «ITiJBaJy», i€ BiUyTHA 3HAYHA TEIUIOBA 1HEPLis 1O
BEPTHKAJl (TEPMIH «iHepIisi» Oe3nocepeHbO HE MOB'SI3aHUN 3 BUKOPUCTOBYBAaHHM B
MEXaHilli), sKa MoB'sA3aHa 3 TETUIOTPOBIAHICTIO Ta 00'€MHOIO TETITIOEMHICTIO MaTepiaiB,
B IIIJIOMY, AMHAMiKa TEMIIEpaTypH B IPUMIIIICHHSAX 3aJeKaTh BiJl CE30HHUX 11 KOJIMBaHb
B HaBKOJIMIITHEOMY CEPEIOBHILI.

Jis TOpiBHSHHA OWHAMIKA 1 BENUYMH TEMIIEpaTyp B CBEPAJIOBHHAX Ta
NPUMIIICHHIX Ha puc. 5 i B Tabnumsax 1, 2 mpuBeneHa AMHAMIKa CEPEIHbOMICSIHIX
temriepatyp B cBepoBuHi 10.9.5 (mpum. 305/2 — mimpeaktopHre), 1€ QiKCyeThCs
HaliBHUIIa TeMmIeparypa cepes 13 TouoK BUMIpIOBaHHS B CBEPAJIOBHHAX (BUKOHYIOTHCS
cuctemoro EJIC).

Awmmnityna (po3Max) CepeIHbOMICSYHUX TEMIepaTryp KOJHMBAETHCS MeKax
1,8°C (naiiMeHIIa Ha HIWKHIX BigMiTkax) 10 18°C Ha BepXHiX.

B npumitnennsix, B sikux npucytai [IBM (012/7, 210/7, 305/2), Temneparypa Ha
1,5-2,0°C i GinpIne BUIIA, HIX B CYCiIHIX 3 HUMH Jie BincyTHI [IBM (Hanpukian, mpum.
318/2, 006/2, 207/4), TemnoBuil meperpiB B NPHUMIMIEHHAX HE CIOCTEPITaeThes,
ckymueHHs [IBM MaioTh He 3HauYHI TeMIEpaTypd 1 OXOJODKYIOTBCS INPUPOJHUM
IIIIXOM.

BucHoBku

Junamika TemmeparypHoro mons BecepeanHi HBK-OY B ocHOBHOMY 3aJIe:KUTh
BiJI TEMIIEpATypH 30BHIITHHOTO CEPEIOBUINA TA HOTO CE30HHUX KOJIMBAHb.

Ha panmit wac mnpobmema HeOesmekw, sKa 3B'A3aHa 3  TEIUIOBHM
BunpoMiHioBaHHsM [IBM BifcyTHS 1 MOXKe pO3IIISIATHCS JIMIIE IIPHM BapiaHTax
reperBopeHH OV, IIpH SIKUX MPHPOIHI NIIIXU oxonokeH s [IBM OynyTs mepekpuri.
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TEMPERATURE DYNAMICS IN THE PREMISES OF NSC-SO IN THE
PERIOD AUTUMN 2022 - WINTER 2023-24

Mpykola Pavliuchenko, Viktor Krasnov, Oleksandr Mihaylov, Anatolii Doroshenko

Institute for Safety Problems of Nuclear Power Plant,
National Academy of Sciences of Ukraine, Chornobyl, 07270, Ukraine,
m.pavlyuchenko@ispnpp.kiev.ua

Abstract

In this paper presents and discusses the results of temperature measurements in
the premises of NSC-SO in the period autumn 2022 - winter 2023-24.

Measurements were made using temperature and air humidity loggers of the
DLT-11-Pt, RC-4HC type and weather stations of the PCE-FWS-20 type.

The average monthly temperature values for the specified period were analyzed,
and it was established that the dynamics of the temperature field inside the NSC-SO
corresponds to the season and correlates with the temperature of the external
environment and its daily fluctuations.
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Vertical thermal inertia is fixed, which is related to thermal conductivity and
volumetric heat capacity of materials.

The average temperature in the rooms where the measurements were taken is
within 14.9+3.3°C with a probability of 0.95, the coefficient of variation is 10.5 %, which
characterizes the variability as average, the standard deviation from 0.6°C per lower
marks to 6.4°C on the upper ones.

In the rooms in which there are FCM (012/7, 210/7, 305/2), the temperature is
1.5-2.0°C higher than in the adjacent ones where there are no FCM (for example,
premise 318 /2, 006/2, 207/4), thermal overheating in the premises is not observed,
FCM have low temperatures and cool down naturally.

Currently, there is no problem of thermal danger and it can be considered only
in the case of SO conversion options, in which the natural ways of cooling the FCM will
be blocked.

Key words: temperature field, temperature, NSC-SO, FCM, average monthly
temperature.

IMPACT OF THE NSC - SHELTER OBJECT COMPLEX EXPLUATATION
AND CHORNOBYL OCCUPATION ON CHANGES IN RADIONUCLIDE
AND CHEMICAL COMPOSITION OF GROUNDWATER

Panasiuk® M. L., Kovalenko  I. O., Sosonna ” N. V., Roenko™® G. K.,
Levin™® G. V., Khan ™ V. E-L, Buzynnyi ® M. G., Tretiak ® O. G.

(D Institute for Safety Problems of Nuclear Power Plants, Ukraine,
@) State Institution “O. M. Marzieiev Institute for Public Health,” Ukraine
©®)SSE “Central Enterprise for Radioactive Waste Management”, Ukraine

After the 1986 accident at the Chornobyl nuclear power plant, the concentration
of ®Sr in groundwater have a tendency to increase.

According to radiogeochemical conditions, the following are distinguished in
underground waters:

-areas affected by the NSC — Object Shelter complex, located downstream of the
underground water flow, where increased concentrations of *Sr are associated with
strongly alkaline groundwater;

- areas beyond the direct influence of the NSC — Object Shelter complex, where
the sources of radioactive contamination of groundwater are concentrated infiltration of
atmospheric precipitation through radioactively contaminated soils and water losses
from water-bearing communications.

Within the influence of the NSC — Object Shelter (Fig 1), the volumetric activity
of ®Sr reaches 100- 600 Bg/L and the following is observed:
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- an increase to almost 40% in strongly alkaline groundwater concentrations of
radiostrontium in the form of SrCO;° and SrOH", which are little or not absorbed by
soils;

-increasing the ionic strength (IS) of groundwater, due to which the sorption
capacity of soils decreases (Kovalenko and al., 2024);

90Sr volumetric

activity, Bg/l
1,0-150
" 50 - 300
C-23A ., C-24 i

760 BKin 3 g 13-2A4 450 - 600

’ : e 490 Br/n 800 - 750
BN 750 - 900
- 1050

2014

Fig. 1. 3-D Visualization of the Distribution of Strontium in Groundwater.

-increasing the concentration of Ca?" ions, which, in combination with the high
ionic strength of the groundwater solution, create competition with °°Sr for ion exchange
sites on the soil surface, thereby ensuring the desorption of radiostrontium and reducing
the sorption properties of soils;

Within the flow belt of groundwater downstream from the NSC — Object Shelter
complex during its operation, the concentrations of *Sr did not generally decrease.

The impact of the NSC-Object-Shelter complex is caused by the inflow of high-
level block water from the premises of the destroyed Unit 4 into the groundwater. Block
water was formed in the Object Shelter due to precipitation before the NSC was installed
over it in November 2016.

Beyond the influence of the NSC — Object Shelter complex, the volumetric
activity of ®°Sr in neutral groundwater in individual wells reaches 600-2500 Bg/L. The
reasons for this are the conditions for reducing the sorption properties of soils:

- high ionic strength values;

-increase in Ca?" and K concentrations;

-finding part of radiostrontium in the composition of the soluble compound
SrSO4°, which is not sorbed by soils.
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After the installation of the NSC over the "Shelter" facility in 2016, the tritium
concentration decreased from 1100 Bg/L to 30-150 Bg/L. The source of tritium in
groundwater is Object Shelter block water.

That is, under the influence of the termination or significant reduction of the
block water flow in the areas where the observation wells are located, the concentration
of isotopes and chemical compounds that are not sorbed by the soil decreased in the
groundwater.

The «Shelter» facility is a significant source of nitrates (NO3"), nitrites (NO"), as
well as Na" and K* in groundwater, increasing the overall mineralization of groundwater
beneath the NSC - Object-Shelter complex.

Installation of trenches on the Yaniv Station RWTLS site does not affect
radioactive contamination of groundwater. Fig. 2 shows the location of the trenches and
the direction of groundwater flow from the trenches towards the wells of the Yaniv water
intake. However, low concentrations of radiocesium 0.41 Bq/L and radiostrontium 12
Bg/L in the water flooding the trenches cause insignificant impact on groundwater
contamination. In addition, sector 3.3 of the Yaniv RWTLS includes a significant
number of historical pits and trenches with buried real radioactive waste in the soil (Fig.
3), which offset any impact of the pits on any impact of the trenches on groundwater
contamination.

Legend

[] - the place of digging trenches
in the Red Forest

- the direction of groundwater movement

- water intake wells

- - hydroisogypsum of groundwater

Fig. 2. The impact of the occupation of the Chornobyl zone on groundwater pollution
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Fig. 3. Trench area and placement of "historical" pits and trenches at the RWTLS
"YANIV STATION"
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JOCJIIKEHHS ®I13UKO-MEXAHIYHUX BJIACTUBOCTEN
PAJIIOAKTUBHO 3ABPYJHEHOI'O METAJIY, TE3SAKTUBOBAHOI'O
METO/JOM METAJIYPIIMHOI IIJIABKA

Pax I1.B., Banakin B.®., Mawunicmoes B.E.

AHoTanis

Mertoro 1iiei HaykoBO1 poOOTH € BHBUSHHS BIUIMBY KOpO3ii Ha KiHIIEBHI CTaH Ta
3MiHy  (i3WKO-MEXaHIYHHX BJACTUBOCTEH CTajel, BHUKOPHUCTAaHHX B  SKOCTI
KOHCTPYKIIHHUX MaTepiajiB KOMIIOHEHTIB, OOJamHaHHA Ta KOHCTPYKIH 00’ €KTiB
SJIepHOT EHEepPreTHKHU B Ipoleci ii excrutyararii, siki MOXyTh OyTH J€3aKTHBOBaHI Bij
panioakTHBHOTO 3a0pyAHEHHSI METOJIOM METaJIypriuyHOl IUIaBKH.

[MizcyMkoM MOCHiIKeHHs 3pa3KiB METAJIIB, SIKi MPALIOBAIN B CKJIAJli CUCTEM Ta
koHcTpykuin AEC Ta omicist Oynu e3aKTUBOBaHI METOJOM METATypPrifHOI IUIABKH,
Oyze iHmKeHepHE TBEPKCHHS Ta PEKOMCH/IAINT Ha MiJCTaBi PE3yJIbTATIB TOCHIIKCHb,
00 MOJKJIMBOTO BHKOPHCTAaHHS Ta NEBHI oOMexeHHsA (abo IX BIICYTHICTB) Ui
BUPOOHMITBA METAIYPriiHOr0 COPTAMEHTY, & TaK0X MOAAJBIIOr0 BUKOPHUCTAHHS Y
BUPOOHUIITBI TOBApIB, IeTanel, 00IaTHaHHS Ta KOHCTPYKIIIH.

JonaTtkoBo, i 4ac mpoBeaeHHs JIabOpaTOpHUX METATYyPriiHUX IUIaBOK, Oy Iy Th
3aHOTOBAHI 3MiHH (3MCHIICHHS) PIBHIB PaJi0aKTUBHOTO 3a0pYIHECHHS 3pa3KiB METalIy
JUISL  TATBEP/KEHHS MOMJIMBOCTI JIe3aKTHUBAIlii TMEBHUX THIIB pPaTiOaKTHBHO
3a0pynHEHUX MeTaniB 0e3 MomepeaHboi XIMIYHOI Ta MeXaHiuyHOi Je3aKTuBallii, 10
3pOOHUTh TaKy TEXHOJIOTIIO Je3aKTHBallii OBl EKOHOMIYHO MpPHUBAOIUBOIO B
MOPiBHAHHI 3 aHAJIOTIYHUMH.

Merta Ta 3MicT HAYKOBOTI'0 A0CJIi/IKEHHS

3araspHOBIIOMHM € TOH (pakT, MmO HANMOMMPEHIIMM KOHCTPYKIIHHIM
MarepiaJloM B CTPYKTypi LHMBUIBHHX S/IEpHUX OO’€KTiB, 30KpeMa, aTOMHHUX
enextpuuHux cranuiit (AEC), siki Oynm cpoekToBaHi Ta mobynoBaHi y 80-X pokax i
HaIpUKIHII MUHYJIOTO CTOPIYYs Ta EKCIUTYaTYIOThCS B TEIEPINIHIN Yac, € MeTanu Ta ix
crutasi [1].

B mponeci excruryatanii  AEC  HeBimBopoTHO BinOyBaeTbesi pajianiitHe
OTPOMIHIOBaHHS (3a0pyIHEHHS) TIEBHOI 4YaCTWHH KOHCTPYKIIHHUX MaTepiaiis,
BUKOPUCTAHUX TSI BHPOOHHMITBA TEXHOJOTIYHOTO OONaJHAHHSI Ta TPyOONpPOBOIIB
saepHoi eHepreTudHoi yctaHOBKH (SIEY) Ta KOMIOHEHTIB i OONagHAaHHSI CHCTEM Ta
KOHCTPYKIIH, ki Oe31mocepeTHb0 3a isHi B TPOIecax MOBOKEHHS 3 IICPHIM TaTHBOM
Ta pagioakTHBHUMH Bigxonamu (PAB), mo reHepyroThCcsl Ta HAKOMMIYIOTHCS IMi T 9ac il
eKcruryararii [2].

[Ipobnema TOBOMKEHHS 3 paliOaKTHBHUM METaJOM Ha MaljaH4uKax
TUMYacoBoro 30epiranHs Ha iHQpacTpykTypHHX 00’ckrax Ta Ha AEC cphoroxHi €
HA/I3BHYAHO aKTyaJbHOI B YMOBaX BIMCHKOBHUX Jiii Ha TepuTopii YKpainu uepes Te,
o Oyay4u MOTCHI[IHHUM JKEPEIOM PaiOaKTHBHOTO 3a0pyIHCHHS, MPU MOMKIHUBHX
BIMICbKOBHX BIUIMBaX (BIy4aHHSX) B THMYAacOBI CXOBHIIA, BOHH MOXXYTh HECTHU 3arpo3y
3JI0POB’O JIIOJIEH Ta OTOUYIOUOMY CEpPEIOBHIILY.
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ToMy Ha CBHOTONHINIHIA JA€Hb HAJBXIMBOIO 337a4€l0 € IPOBEICHHS
Jle3aKTHBallii Ta MOBEpHEHHS B OOIr Juisi OOMEXEHOro Y BUILHOTO BHKOPHUCTAHHS
NEeBHOT YaCTHHH METaJIiB, B TOM Yac, sIK PEIITY METajliB, HAKOIIMYEHNX Ha MaliJaHYnKax
TUMYacoBoro 30epiranHs P3M, ne3zakTuBallis SKMX € HEMOSIIMBOIO, BIJNIPaBUTH Ha
JIOBrOCTPOKOBE 30epiraHHs B CHEIiaIbHO 00JIaJHaHI CXOBUIIIA.

Haii0inpm nommpeHnMy METOIaMH 1e3aKTHUBAIlil METATIB € XiMidHi, MEXaHI9Hi
Ta TEPMiUHI METOMIN Ie3aKTHUBAIli] METaJiB, a TAKOXK METO/IH, 3aCHOBaHI Ha €JIEKTPOTi3i
Ta HAHECCHHI Ha MOoBepXHi P3M 3aXHCHOTO TOKPUTTS.

Bubip KOHKpETHOTO METOIY NIe3aKTHBAIIi{ 3aJI€KUTh BiJl THITY PaliOaKTHBHOTO
3a0pyAHEHHS, BJIACTUBOCTEH MeTaly, MOIUILHOCTI HOTO OYMINEHHS, HOPMAaTHBHUX
BuUMoOr nitodoro 3akoHoxasctBa (HPBY) ta noctymnocTi (iHaHCOBHX KOIUTIB Ha
BIIPOBA/KCHHS TOI UM I1HIIIOT TEXHOJIOTII.

[MpakTHyHKi TOCBiJ NOKa3ye, 10 BMICT 3a0pyAHIOIOUNX pagioHyKiIiaiB B P3M
MOXe OyTH CYTTEBO 3MEHIICHO, a BIUIUB 3aJIMILIKIB Pali0OaKTHBHOTO 3a0pyAHEHHS Ha
0TOUYI0YE CEPEOBHIIE Ta 30POB’ S JIFOIMHN MiHIMI30BaHO J0 NPUHHATHUX PIBHIB, IO
CTBOPIOE YMOBH JJIsl HOTO TIOAANBIIOT0 OOMEXXEHOTO UM BUTEHOTO BUKOPHUCTaHHS.

B ipoMy mochimKeHHI TIIaHYEThCS 30CEPEIUTHCS Ha BUBUCHHI 3pa3KiB METaliB,
JIe3aKTUBOBAaHUX METOJIOM METATypriiHOi IIaBKM 3 BHKOPHUCTAHHSAM J1a0OpaTOpPHOI
IHAYKIIHOT TIedi 3 BMICTOM THUTJIS 0 4 KT METaIy.

Tpeba BimMmiTuTH, MO Ae3akTuBalis P3M MeTogoM MeTanypriifHOl INIaBKH HE €
HOBITHBOIO Ta BUKOPHUCTOBYETHCS B CBIiTi 3 MMO3UTUBHUMH pe3yibTaTaMi. BimMiHHICTE
TEXHOJIOTil, SKy IUIAaHy€TbCS BIPOBATUTH B YKpaiHi MONArae y BiACYTHOCTI
monepeaHpoi Ae3aktuBalii P3M mepen miuaBkoro, 1o poOWTh Takuil Migxin 3HAYHO
OUTBII €KOHOMIUHO MIPHUBAOINBUM.

HeoOxigHO BH3HAUWTH HAsABHICTP Ta CTYMiHb Jerpajamii MeTamiB, fKa
BinOyBa€eThCA B HUX, IiJ 9ac eKkciuryaTanii Ha saepHoMy 00’ ekTi (AEC) mix BrutmBOoM
TaKWX MIKiIJIMBUX YMHHUKIB, SK 10HI3yl04Ye BHUIPOMIHIOBAHHS, BUCOKI TEMIIEpaTypH,
KOpO3iiHO-epo3iliHi mpolecH, ajie, KpiM Toro, Tpeda BpaxyBaTH, IO 3pa3KH METalliB
JUIL TOCTIDKCHHS OyIyTh OTPHUMAaHi MICNsA Je3aKTUBAIlil METOAOM METaypriiHOL
IJIaBky 1pu Temmneparypax nonan 1500 °C, mo Takox MOXKe MAaTH NMEBHI BIUIMBH Ha
KIHIIEBHI cTaH Ta (Pi3nKo-MeXaHiqHI BIaCTHBOCTI OTPUMAHHX 3JTUTKIB METAITY.

Haiibinpmmii inTepec B 1iil poO0Ti BUKINKae BUBYCHHS KiHIIEBOTO CTaHy Ta 3MiH
(i3UKO-MEXaHIYHUX BIACTHBOCTEI METasliB BHACIIIOK KOPO3IMHUX MPOIECIB B HUX, 3
ypaxyBaHHSM TOTO, 1110 OKpeMHuM (akropom mix yac excruryarauii AEC, € pagiauiitne
BUIIPOMIHIOBAaHHSI, SIKE, BHACIIJIOK ONPOMIHEHHS METally, IPUCKOPIOE MPOIECH HOTo
Kopo3ii [3].

Pi3Hi Bum Kopo3ii, ik MoKka3aHo Ha pUC. 1, TO-pi3HOMY BILUTMBAIOTh HA MEXaHIUH1
BJIACTUBOCTI MarepiaiiB. Buau kopo3il kimacuikyroTh 1 3aJeKHO BiJl XapakTepy
TIOIITKOKEHHS KOPO3iifHOTO MaTepiany [4].
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1-3 — 3aranbHa Kopo3ist; 4-7 — MicLeBa Kopo3ist; 1 — piBHOMIpHa;
2, 3 — HepiBHOMIpHa, 5 — BUPa3KoBa; 6 — TOYKOBA; 7 — MDKKpHCTaJIifHa

Puc.1 Bunam xopo3iifHUX yIIKOIKEHB

Cepen iHIIMX BHIIB KOPO3ii, IKi MOXKYTh OYTH BHSBJICHI B CTPYKTYpi 3pa3KiB
MeTaly, IO TOCTiKY€EThCS, 0COOMHBa yBara Oyae MpuIiieHa sIBUITY MiKKpICTaIiTHOT
KOpo3ii, fKka BHWHUKA€ BHACTIIOK HAKONMYEHHS Ta3iB y MeTajaXx B IIpoOIeci
TPaHCMYTAIITHAX PeaKii Ipu HEUTPOHHOMY OTIPOMIHEHHI.

Cepen NIpyYMH BUHUKHEHHS MEKKPICTAJITHOI KOPO3ii € HarpiBaHHs MeTary Ipu
00poOI11i THCKOM abo0 3BaplOBaHHI, a TAKOX TPHBaJla EKCIUTyaTalis oOJIaJHaHHS NPU
Temnepartypax suie 450 C.

3 3aCTOCOBYBAHUX y CHEPIeTHIN CTAJICH, 10 MIXKPUCTAIITHOI KOPO3il CXHUIIbHI
XPOMOHIKeJIEBl, XPOMOHIKEIbMOJI0/I€HOBI, XPOMOHIKEIbMapraHieBi KOPO31iMHOCTIHKI
CTali  ayCTeHITHOro, (EpUTHOro, ayCTeHITHO-(pepuTHOro Ta  AyCTEHITHO-
MapTEHCUTHOTO KJIaciB, a TAKOK BUCOKOJICTOBaHI HIKeNbHI CIiaBH[S].

OcnoBHOMW BinMmiHHicTIO SIEY € HasgBHICTH MOTYXKHHUX pafialifHUX MOMIB, IO
BHUKITUKAIOTh CTPYKTYPHI 3MiHH B 00Cs31 MaTepialry 1 Ha MOBEPXHi i, IK HACIIIOK IIOTO,
TIOTIpPIIEHHS BIACTUBOCTEH MaTepialy, 0 ONPOMIHIOEThCH.

BracTrBOCTI MeTaNiB i CIUIaBIB ICTOTHO 3aJIeKaTh Bill Ne(PEKTIB KPUCTATITHUX
pemritok. Taki BIIACTHBOCTI METajiB, SK 3JaTHICT YHWHUTH OMIp MEXaHIYHIM
HABAHTAXXCHHSAM, pajialiifiHa CTIHKICTh, CYMICHICTh, MOB'SI3aHI 3 BIACTUBOCTIMU
TOYKOBHUX Ta JIIHIHHUX Ie(EKTIB KPUCTATIYHUX PELIITOK.

Cneundika paniauiiHoro BIUIMBY sifiepHOro BunpomiHioBanHs SEY Ha
MOILIKOKEHHS Ta 3MiHy CTPYKTYpHU B 00Cs31 MaTepialy MOJISTae y HasBHOCTI IIBUAKUX
(monax 1 MeB) HeWTpoHIB, sKi BHOMBAIOTH aTOMH TBEPAOTO Tila HANITAIOYOIO
(6oMOapIyr0U0F0) YaCTHHKOIO.

3MillIeHHs aTOMIB CYNPOBOJUKYEThCS HAKONMYEHHSM Yy Marepiani JedekTis:
MDKIOY3€IbHUX aTOMIB Ta BaKaHCIH, SIK TOKa3aHO Ha puc.2.
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Puc. 2. Monenb pagiamifHuX MONMTKO/KEHb, 10 BUHUKAIOThH MIPH 3ITKHEHHI HEUTPOHIB
3 aTOMaMH KpHCTallIYHUX Ipat (MoJienb 3eerepa)

BHacninok pi3HOi pyxsmBOCTI JAedekTiB, B3aemoaii iX Mik cobor Ta 3
eJIeMEHTaMH CTPYKTYPHU KOHCTPYKIIHHI MaTepiajy po3IyXarTh, 3a3HAI0Th pajlialiiiftHoO-
MIPUCKOPEHOT TIOB3YYOCTi Ta CTPYKTYpHO-(a30BUX 3MiH [6].

Tomy ocHOBHMMH KpuTepisiMu ouiHku noBroiuHocti KM SIEY, €: panianiitne
KPUXTIiHHS, PO3ITyXaHHA Ta pajiariiiHa moB3yJicTh.

JlabopartopHe BHBUCHHS 3pa3KiB MeTaly, MA€3aKTHBOBAaHOTO  METOAOM
MeTaypriiHO IUIAaBKH, MICTUTH B 001 IBa BUAH AOCIIIKEHB: ) TOCIiKEHHS 3pa3KiB
MIEPETIIaBICHOTO METally 33Ul Bi3yaJlbHOTO BHSBIICHHS O3HAK Ta HACII/KIB MPOIECIB
KOpO3ii B CTPYKTypi BHUILIABICHOTO 3JUTKY MeTany; 0) BHKOHaHHA JaOOPaTOPHUX
BUIIPOOYBaHb (TECTiB) 3 METOIO BCTAHOBJICHHS MOTOYHUX 3HAYEHb MOKA3HUKIB (Di3UKO-
MeXaHIYHUX BJIACTHBOCTEH BUILIABICHOTO 3JIUTKY METaIy.

JIns BCTaHOBJICHHS BI3yaJbHHX O3HAaK KOpPO3ii IUIAHYETHCS 3aCTOCYBaTH
LIOHAaMEHIIIE J[Ba 3 NepepaxoBaHUX HWXKYE METOIB ISl MEPEKPUTTS Ta Bepudikaiii
OTPUMaHUX pE3yJIbTATiB: a) MerajorpagiuHuid aHami3: Leil MeTox BKIIoYae
MIKpPOCKOIIIYHMH ~aHaJi3 CTPYKTYpH MeTaly IiJ CBITJIOBUM YH EJIEKTPOHHHM
MikpockonioM. Kopo3is Moske MPU3BOIUTH A0 3MiH Y MIKPOCTPYKTYpi, TAKUX, SK MOSIBA
1op, TPILIMH, BUIO3MIHM 3€pEH, a TaKOXXK 3MIH CTPYKTypH Ha MEXi 3epeH, TOIIO.
MertanorpadiqHuii aHANI3 MOXKE BHSBHTH ITyXHPUYacTi 00xacTi, By3JOBi AedekTH Ta
iHIII O3HaKW; 0) eJIEKTPOHHA MIKPOCKOIIS 3 PO3CIFOBaHHSAM CHEPTii PEHTTCHIBCHKUX
npomeriB (EDX): Ileit MeTos H03BOJIsIE BUBYUTH XIMIYHHHA CKIIAJ MDKKPHCTATITHUX
MEX, [0 MOXKE BKa3aTH Ha HAasBHICTh MDKKPHCTAIITHOI KOPO3ii; B) €IEKTPOXiMiYHA
MIKpPOCKOMIS: AeAKi eNeKTPOXIMidHI METONH, TaKi SK CKaHyBaJlbHa €JIeKTPOXiMidHa
Mikpockomist (SECM), MOXXyTh JOMOMOTTH BHBYUTH JIOKAJIbHI KOPO3iifHI IpomecH Ha
MeXax 3epeH.

PesynmpTatm  Bi3yaslbHOTO BHBUYEHHS OyIyTh BKIIOYaTH B cebe  Ommc
CITIOCTEPEKEHb Ta BUCHOBKH, SIKi MOXKYTh OyTH 3p00JIeHI Ha OCHOBI Bi3yaJbHHUX JAHUX
IIO/I0 OLIHKH CTYIEHS MONIKOKECHHS METaIy.
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Jln1st BcTaHOBJICHHS! IIOTOYHMX 3HAUYEHb MTOKAa3HUKIB (Pi3MKO-MEXaHIYHHUX 3pa3KiB
MeTtainy, OyIayThb NpoBeleHi JabopaTopHi BUNPOOYBaHHS Ha PO3TAT, CTHCK, 3TiH Ta
yJapHYy B’S3KICTb.

PesynbraTi BUBYEHHS IIOHaiMeHIIe OyqyTh BKJIIOYATH B ceOE OIMC METOJIB
BUTIPOOYBaHb, aHAII3 OTPUMAHHUX PE3yNbTaTiB, HOPIBHAHHS 3 HOPMaMH Ta CTaHAAPTaAMHU
1010 MIITHOCTI €TaJOHHOTO METAaJy, a TAKOXK MOPIBHAHHSA 3 IHIIUMH JOCIIKSHHIMH,
BUCHOBKH MpO TNpWIWHU abo Qakropm, sKi BIUIMBAIOTP Ha MIIHICTE 3pa3ka
JI€3aKTHBOBAHOTO METAIy.

[lincymMKoM IOCTiIKEHHS 3pa3KiB METaNTIB, sIKi MPAIIOBAIN B CKJIAJl CHCTEM Ta
koHCTpyKUiit AEC, Ta omicis Oy I1e3aKTHBOBaHI METOIOM METaTypriiiHOI IUIABKH,
Oyne iH)XKEHEpHE TBEpPKEHHS Ta IEBHI PEKOMEHAallil Ha IJcTaBi pe3yJbTaTiB
JOCIIIJDKEHb, 1010 MOXJIMBOTO BHKOPUCTaHHS Ta IIeBHI oOMexeHHs (abo ix
BIZICYTHICTB) JJIsl BUPOOHMIITBA METAyPriifHOr0 COPTaMEHTY, a TaKOX II0JAJIBIIOTO
BUKOPHCTAHHS B BAPOOHMITBI TOBapiB, JieTaiei, 00aHaHHS Ta KOHCTPYKIIH.

B pasi orpuMmaHHs HEOUiKyBaHUX pe3yJbTaTiB, HAYKOBOTO BHHAXO/y, HOBHU3HHU
YM BIAKPUTTSA B TIPOIECI BHUKOHAHHS IOCTIIKEHHS, BCI ACIEKTH LOTO BHHAXOIY
(BiAKpUTTS) OyIyTH PETEIEHO 3aHOTOBAHI JOJATKOBO.
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Annotation
The purpose of this scientific work concludes in studying the effects of corrosion
on the final state and change in the physical and mechanical properties of steels used
as structural materials of components, equipment and structures of nuclear facilities
during their operation, which can be decontaminated by the improved method of
metallurgical melting.
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The result of studying the metal samples of NPP’s equipment and structures
decontaminated by the method of metallurgical melting will be an engineering statement
and certain recommendations based on the results of research, regarding the possible
use and certain restrictions (or their absence) for the production of the metallurgical
assortment, as well as further use in the production of goods, parts, equipment and
structures according to the needs of national economy.

If the unexpected results will be raised or the scientific finding, news or discovery
will take place during research process, then all aspects of such finding (news) will be
properly noted.

Separately, during the laboratory metallurgical melting, a change (decrease) in
the levels of radioactive contamination of samples of metal will be noted to confirm the
possibility of decontamination of certain types of radioactive contaminated metal
without prior chemical or mechanical decontamination that will make this
decontamination technology more economically attractive compared to similar ones.

FEATURES OF USING THE CUBIC RESIDUES’ ALKALINES FOR THEIR
CONDITIONING IN A GEOPOLYMER MATRIX

A. Rozko', Yu. Fedorenko?, B.Zlobenko?
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2. Yu. Fedorenko, Researcher SI "Institute of Environmental Geochemistry of
the NAS of Ukraine", Kiev, Ukraine.
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The publication examines the features of using cubic residues alkalines of for
their conditioning in a geopolymer matrix. The obtained compounds have sufficient
strength >10 MPa, and can also be sorbents of radionuclides.

Keywords: conditioning, geopolymer, cubic residues alkalines, sorbents of
radionuclides.

Aluminosilicate materials, the crystal structure of which is destroyed by thermal,
mechanical or chemical methods, various additives improving the binders’ properties,
and alkalis facilitating the formation of the geopolymeric networks are used to
synthesise geopolymeric binders. Among all these components, the alkalis are the most
expensive. The high cost of the alkalis and the required amount of them (up to 10%)
have stood in the way of the widespread application of the geopolymers in the
construction industry that widely uses concretes based on various brands of the Portland
cement.

The challenges arisenin solving environmental problems put additional demands
to the binders in order to increase the reliability and durability of the environmental
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protection actions. This led us to pay additional attention to the study of the geopolymer
application for conditioning of hazardous, primarily radioactive waste. Our decision
was determined by the characteristics of the geopolymers that allow receiving
compounds with better properties than the Portland cement materials.

The advantages of the geopolymers are the ability to form the polymer networks
in a high-salt environment containing a significant amount of borates and nitrates, the
increased chemical resistance, a gradual 1.5-2-fold increase of the compressive
strength, the absence of harmful gas emissions into the atmosphere, etc.

In addition, in the geopolymer synthesis, various production wastes are used:
furnace slag, thermal power plant ash, cracked ceramics and broken bricks, etc.

A preliminary test of the liquid radioactive waste (LRW) cementation with the
geopolymers showed the possibility of obtaining the compounds with the compressive
strength values over 4.9 MPa. It was found that the cubic residues’alkalis can be used
for the LRW conditioning. To do this, the following requirements must be met:

- the blast furnace granulated slag that does not contain calcium-aluminosilicate
crystalline substances should be used as a binder component. It contains an important
hydraulically hardening component which being hydrated allows producing compounds
with the compressive strength over 4 MPa, and the particle size not exceeding 80 pum;

- the LRW may contain borates and nitrates. The content of salts, together with
the alkalis, can reach 600 g/l. The amount of the LRW in the compounds may be up to
20%. The pH of the LRW must be more than 12;

- the waste must be conditioned at 55-60°C.Highly dispersed bentonite is added
to the compounds to reduce the size of sodium metaborate crystals during the
recrystallization of the sodium tetraborate during the cooling of the cubic residue.

Fulfilment of the above requirements allowed producing the compounds for
immobilizing the cubic residues with the compressive strength of about 10 MPa.
Leaching resistance, frost resistance, and other characteristics of these compounds are
being studied.

CREATION OF A FUZZY EXPERT SYSTEM FOR REGULATING THE
LEVEL OF ELECTRICITY GENERATION OF NUCLEAR POWER PLANTS

Elena Skakalina

National University “Yuri Kondratyuk Poltava Politechnics”
Poltava, Ukraine
e-mail: itm.evskakalina@nupp.edu.ua

Nuclear power plants (NPPs) are unique facilities that require precise control and
regulation to ensure safe and efficient operation. These facilities produce energy through
a controlled nuclear reaction, and a variety of sophisticated systems are used to control
this process. Nuclear power plants are complex and critical systems that require precise
control and regulation to ensure safe and efficient operation. Fuzzy expert systems can
be considered as effective tools for monitoring and regulating various aspects of NPP
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operation, including output power. One of the key advantages of fuzzy expert systems
is their ability to handle imprecise or uncertain data. In the context of nuclear power
plants, this can be crucial, since there are many factors that can affect the performance
of the system, especially given the existing extreme conditions of operation of Ukrainian
nuclear power plants in the context of military operations.

Keywords: nuclear power plants, fuzzy knowledge bases, fuzzy expert systems,
control parameters, artificial intelligence, Python, Simpful

Introduction. Nuclear energy is recognized as the world's second largest source
of electricity with low carbon emissions. The US President allocated 21 billion dollars
from the financial budget for 2023 for nuclear and hydrogen programs, and Canada
released its own action plan for the implementation of small modular reactors. Nuclear
energy is increasingly being talked about as a "green" way to obtain energy [1]. The
European Parliament recognized gas and nuclear energy as "green" provided that certain
conditions are met in 2022 [2]. By 2025, all European nuclear power plants must switch
to so-called emergency-resistant fuel. In accordance with the global trends of energy
atomization, the IAEA revised annual forecasts, estimating the growth of nuclear energy
production by 12—40% between 2021 and 2030, as well as by 29-250% by 2050 [3].

Peculiarities of application of fuzzy expert systems in nuclear energy. A
Fuzzy Expert System (FES) can take into account all important factors by using fuzzy
logic to process input data and make decisions based on the results. Thus, it provides a
flexible and adaptive approach to regulating the level of electricity generation. This can
help achieve more accurate and efficient control of a complex system, as the system can
adapt to changing conditions in real time. Fuzzy logic allows processing of imprecise or
uncertain input data, allowing the system to take into account the inherent complexity
and variability of the NPP environment.

One of the applications of fuzzy expert systems in nuclear power plants is the
optimization of electricity production by regulating reactor power through and
distributing energy. The system can balance energy supply and demand by taking into
account a number of factors. This helps reduce energy loss and increase overall
efficiency. Many factors affect the operation of nuclear power plants, but for the correct
operation of a fuzzy expert system, it is enough to take into account only the key ones:

* The external temperature can affect the performance of the power plant, especially
the efficiency of the cooling system. The higher the temperature, the less efficient
the cooling system will be, which can lead to lower output power. In addition, low
and high temperatures lead to an increase in energy consumption by subscribers.

* The time of day can affect the demand for electricity, which can affect the power
output of the power plant. For example, during peak hours, the demand for electricity
may be higher and the power plant may need to increase its capacity to meet the
demand.

* Population density also affects the demand for electricity. Areas with high
population density require more electricity to power homes and businesses, which
increases the load on the power plant.

* The type of urban area affects the output power of a nuclear power plant, depending
on the total demand for electricity in a certain area. For example, if a large industrial
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area is located near a nuclear power plant, this can create a greater overall demand
for electricity in the region, even if the nuclear power plant does not specifically
power that industrial area. For example, an industrial area may require more
electricity than a residential area due to the nature of the businesses located there.

* The type of equipment used by consumers also affects the demand for electricity.
For example, home appliances and entertainment equipment may require different
amounts of electricity to operate.

Thus, FES can act as a powerful tool for monitoring and regulating nuclear
power plants. These systems can cope with the complex and dynamic nature of the
nuclear power plant operating environment, including imprecise and uncertain data for
real-time decision making. This makes Fuzzy Expert Systems well suited for solving
the unique problems of regulating the output power of a nuclear power plant, optimizing
the production and distribution of electricity, and ensuring the safety and efficiency of
complex technical systems [4].

In general, the development of FES to regulate electricity production at nuclear
power plants is an extremely important area of work in the direction of the application
of artificial intelligence algorithms and tools. By providing a flexible and adaptive
approach to power regulation, these systems can help ensure the safe and efficient
operation of these critical facilities, providing reliable energy to communities around
the world.

Toolkit for the implementation of FES. The following positions were chosen
as tools for the implementation of the FES for NPP management - the Python
programming language and the Simpful library. Python is a high-level interpreted
programming language that was first released in 1991. It is designed to be easy to read
and write, making it a popular choice for both beginners and experts. Python is widely
used for a variety of purposes, including web development, scientific computing, data
analysis, machine learning, and artificial intelligence.

One of the main advantages of Python is its simplicity and ease of use. The
language has a clean syntax that is easy to understand and read, making it ideal for rapid
application development. Python also has a large standard library that provides
developers with a wide range of tools and modules to use in their applications, further
simplifying the development process.

Simpful is a Python fuzzy logic library that provides a set of tools and functions
for building and working with fuzzy expert systems. Simpful provides a number of
features and functions for working with fuzzy logic, including support for fuzzy sets,
fuzzy rules, and fuzzy inference. It also provides a set of tools for visualizing and
analyzing fuzzy systems, making them easier to understand and debug.

Key advantages of Simpful include:

e Ease of use: Simpful has a simple syntax that is easy to understand and use.
This makes it accessible to both beginners and experts in the field of fuzzy
logic.

e Customizability: Simpful provides a wide range of options to customize the
fuzzy logic system according to the application requirements. This allows you
to create highly specialized and accurate models.
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e Support for linguistic variables: Simpful provides support for linguistic
variables commonly used in fuzzy logic systems. This makes it easier to model
and represent real-world concepts and relationships.

e  Multiple fuzzy inference methods: Simpful supports multiple fuzzy inference
methods such as Mamdani and Sugeno. This provides a high degree of
flexibility and allows developers to choose the method that best suits their
application.

Test results of FES. To display the results of the developed system, we will use
two examples, namely: balanced and extremely high.

Fig. 1. Data entry for a balanced example

Immediately after entering all the necessary input data, the graphs begin to be
generated. For categorical linguistic variables such as "Type of urban area" they are
somewhat uninformative. However, two graphs are generated for each continuous
linguistic variable: the first one displays its membership function, and the second one
shows the dependence of the result on this variable, provided that the values of the other
variables are fixed. For example, the second graph in the image below shows that energy
consumption increases in the morning and in the evening, which is true for residential
urban areas.
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Fig. 2. Graphs of the variable "Time of day"
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Fig. 8. The recommended power level of the NPP for the specified parameters (%)

Now let's try to enter extreme data for the maximum power level. Since all the
above graphs do not depend on user data, one screenshot will be enough.
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Fig. 9. Recommended NPP power level under extreme parameters (%)

Conclusions. Fuzzy expert systems (FES) are a special type of artificial
intelligence systems that can effectively solve control problems in complex systems
such as nuclear power plants (NPPs). NES are capable of processing unclear and
incomplete information, which makes them a valuable tool for ensuring the safety and
reliability of nuclear power plants. Fuzzy expert systems have significant advantages in
managing complex technical systems:

- processing of unclear and incomplete information: NPPs can work with
inaccurate and incomplete data, which is a common occurrence in nuclear power plant
operating conditions.

The main areas of use of fuzzy expert systems in nuclear energy can be

identified:
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modeling expert behavior - FES can simulate the knowledge and experience of
experienced experts, allowing the system to make decisions based on years of
experience;

adaptability to changing conditions: FES are able to adapt to changing operating
conditions of nuclear power plants, which ensures flexibility and reliability of control;

improved safety: FES can help identify potential emergencies and take
preventative measures, which improves the safety of nuclear power plant operations;

operation optimization: FES can optimize the operation of a nuclear power plant,
increasing its efficiency and cost-effectiveness.

With the development of artificial intelligence technologies, NPS are becoming
more advanced and can play an increasingly important role in the management of
nuclear power plants. It is expected that NES will be used to solve more complex
problems, such as the control of multi-unit nuclear power plants and the development
of decision support systems in emergency situations.

It is important to note that NES are not a substitute for the experience and
knowledge of nuclear power plant specialists. They serve as an auxiliary tool that can
help in decision making and improve the safety and reliability of nuclear power plants.

A fuzzy expert system is a type of artificial intelligence system that combines the
concepts of fuzzy logic and expert systems. Fuzzy logic is a mathematical apparatus that
deals with uncertainty and imprecision, while expert systems are computer programs
that simulate the ability of a human expert to make decisions in a particular field.

The process of developing a fuzzy expert system for optimizing power supply from
any source of production includes several stages. The first stage is knowledge gathering, in
which knowledge and expertise in the subject area of power supply is gathered from various
sources, such as subject matter experts, documentation and research.

Next, knowledge is represented using fuzzy logic, which involves the definition
of fuzzy sets, membership functions, and rules. This step also includes the definition of
input variables (such as time of day, type of premises, number of people and type of
equipment) and output variables (such as amount of electricity supplied, energy
consumption and cost).

The next stage is system architecture and design, where a fuzzy inference system
is developed based on the knowledge representation. A fuzzy inference system is a set
of rules that use input variables and fuzzy logic to produce an output, which is the
amount of electricity to be delivered.

The final step is implementation, where the fuzzy expert system is developed
using a programming language or toolkit such as MATLAB or Python. The system is
tested and verified on real data to ensure that it is accurate and effective.

The use of fuzzy expert systems in the regulation of electricity generation at
nuclear power plants is a promising application of the theory of fuzzy sets and expert
systems in general. The unique challenges that arise in the nuclear power plant
environment, including inaccurate data and unpredictable equipment usage, can be
addressed through the use of fuzzy logic and machine learning techniques.

The development of such systems requires an interdisciplinary approach that
includes knowledge from such fields as nuclear engineering, computer science, and
control theory. However, the potential benefits are significant, including improved
safety, increased efficiency and reduced energy loss.
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As technology continues to develop, it is likely that fuzzy expert systems will
become an increasingly important tool for monitoring and regulating nuclear power
plants. With their ability to adapt to changing conditions and learn from their own
experience, these systems offer a flexible and efficient approach to power regulation
that is well suited to the complex and dynamic nature of the nuclear power plant
environment.
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CTBOPEHHA HEYITKOI EKCITEPTHOI CHCTEMH JIJIA PET YIIIOBAHHA
PIBHA T'EHEPAIII EIEKTPOEHEPI'TI ATOMHHUX EJIEKTPOCTAHIIIH

Onena Ckakanina

Hayionanvuuii ynieepcumem «Iloamaecvxa nonimexuixa imeni IOpiss Konopamioxa»
Vkpaina, m. [lonmasa,
e-mail: itm.evskakalina@nupp.edu.ua

Amowmni enexkmpocmanyii (AEC) — ye yuixanvHi 06'exmu, ski nompebyromo
MOYHO20 KOHMPOIIO MA pe2yno8anHs 05 3abe3neueHHss be3neunoi ma e@exmugHoi
pobomu. Li 00'exmu supobisroms enepeito 3¢ 00NOM02010 KOHMPOIbOBAHOI 10epHOT
peaxyii, i 0151 YNPAGNIHHA YUM NPOYECOM BUKOPUCTOBYIOMbCS PIZHOMAHIMHI CKAAOHT
cucmemu.  Amomui enekmpocmanyii € CKIAOHUMU MA KPUMUYHO BAHCTUBUMU
cucmemamu, AKi nompeby1oms MOYHO20 KOHMPOIIO MA Pe2yNI08anHs 0lA 3a0e3neyents
besneynoi ma egexmuenoi poobomu. Heuimxi excnepmui cucmemu MoAICymo
po3sengoamucs AK egexmugni incmpymenmu Oisl KOHMPOMO i pe2ynio8aHHs PisHUX
acnexmie pooomu AEC, exmouarouu euxiony nomydxcuicmo. OOHIEI0 3 KMOUOBUX
nepegae HeyimKux eKCnepmHux cucmem € ix 30amuicmv 0bpobasimu Hemouni abo
HegusHaueri oani. Y konmexcmi AEC ye mooice mamu supiwianbHe 3HA4eHH s, OCKIIbKU
icHye bazamo Gakmopis, AKi MOJ’CYMb GNIUSAMU HA NPOOYKMUGHICMb CUCMEMU,
0Co0IUBO 8PAXOBYIOUU ICHYIOUL eKCIPEMAlbHI YMO8U QYHKYito8anHs ykpaincokux AEC
8 YMOBAX BIlICLKOGUX Oill.

Knrwuosi cnoea : amomui enexmpocmanyii, Hewimki 6a3u 3HAHb, HEYIMKI
eKxcnepmui cucmemu, Kepytoui napamempu, wimyunuil inmenexm, Python, Simpful
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AHAJII3 ®AKTOPIB 30BHIINIHBOI'O CEPEJOBHIIIA
IIPU BUBOPI MAMJIAHYMKIB JIJISI BY IIBHUIITBA AEC
HA OCHOBI METO/IIB HEUITKOI JIOT'TIKA

Cximep L. CL., /lepenzoscokuii B.B'., Tpynosa O.B

TretutyT mpo6nem 6esnexn AEC HamionansHoi akazeMii Hayk Ykpainu,
micto YopHOOWITH
’HanionansHuii yHiBepcHuTeT «UepHiriBchka nomitexHika». Micto UepHiris
i.skiter@ispnpp.kiev.ua, v.derengovsky@ispnpp.kiev.ua, e.trunova@gmail.com

[Ipouec Bubopy Mmaiinanunky AEC Bkitouae B ceOe sIK CKJIaJIOBY HPOLELYPY
aHai3y MAacHBIB KUIBKICHHX 1 SIKICHMX (DaKTOpiB: TEXHIYHHMX, TEXHOJOTIYHHUX,
eKOHOMIYHHUX, COLIaNbHUX, icTopmyHuX Tomo [l1]. Jleski 3 HHX mIpeacTaBiieHi
HEeMapaMeTpU4YHO - SKICHO, ONHMCOBO, Tomo. KpiM TOro, BOHM MOXYTb
XapaKTepU3yBaTHCS 3HAYHOI0 HeBHM3HAUeHICTI0. O0’€KTHBHA OIliHKA TakMX (pakTopiB
motpedye crenudiuHuX METONIB OIpAIfoBaHHA 3 METOI HagaHHA oco0aM, IIo
NPUIMAIOTh PIlIEHHS, KOHKPETHUX OLIHOYHUX CYIKCHb.

B mocmimxenHi s aHamizy oOpaHi: ekoHOMi4uHI (hakTopu - «BapTicTs Mepex
nepenaui eneprii (E1), «Excruryarauiiini Butpatn» (E2), « Brneu Ha ekonoMiky» (E3);
couianbHi (akropu - «Tpancnopraa mepexa» (Cl), «lOpuamuni acnextu» (C2),
«Bmus Typusmy» (C3), «IIpaBa BnacHocti Ha 3emitto» (C4), «Ictopuuni micis» (C4),
«I'pomasceke BusHaHH:» (CS); GesnekoBi ¢akropu - «['eonoriuni acnekrn» (BK1),
«I'ycrora nHacenenns» (b2), «HaBkonuurne cepenosuie» (b3), «Meteoponoris» (b4),
«3emrexopuctyBaus» (b5), «Ilmsaxu eBakyarii» (b6), «bau3pkicTh 10 HEOS3METHIX
00’exriB» (B7). Ha iX OCHOBI 32 OIIOMOTOI0 METOMIB HEUITKOI JIOTiKH ITPOBEICHA
(opmarmizamiss OWmIHOK (aKTOpiB, 3alpONOHOBaHA METOAMKA iX Kiacudikamii 3a
CTYIEHEM BIIIMBY Ha 00’ €KT JOCIIIIKSHHS, 3alIpOIIOHOBaHI METOAN MPUHHSATTS PillICHb.

[Ipomec aHamizy BKJIroUae B cebc HACTYHHI eramu: 1) OOYHMCICHHS HEUiTKHX
3HAYEHB BAXKIIUBOCTI 00paHUX (PaKTOPiB OIIHKU MalIaHINKiB MeTonoM Fuzzy AHP [2];
2) BHM3HAUYCHHS HEUITKUX 3HAYCHb IMOBIPHOCTEH peaji3amlii BIUIMBY 30BHILIHIX
(dakropiB Ha mporec Bubopy Mmaimanunky AEC; 3) BU3HAUCHHS HEYITKWX 3HAYCHb
BIUIMBY 30BHIITHIX (aKTOPiB; 4) aHAJi3 OTPUMaHUX PE3yIbTaTiB.

Etam 1 - o6unciieHHs HEJiTKUX 3HAYEHb BAKIIMBOCTI (haKTOPIB, SKi 3AiHCHIOIOTH
BILJIUB Ha OI[IHKY TOTEHI[IHHUX MalIaH4MKiB, 3a MmeTogoM Fuzzy AHP [3].

Etam 1.1. - omiHKa ekcmepraMH MapHUX NOPIBHAHB KPHUTEPiiB B Mexkax
BIAMOBITHOTO (haKTOPY HA OCHOBI JIHI'BICTUYHOT IKaK (TepM-MHOXuHA T1), (Tada. 1).
PesynbpraToM € MaTpuii HapHUX MOPIBHSIHD BaXIJIMBOCTI €KOHOMIYHUX KPHUTEPIiB (i1
IHIIMX Py (HaKTOPiB — aHAJIOTIYHO):

EK
A5 = ||t O
MEKXMEK
ze qES — JIIHTBICTHYHA OLIIHKA k-M €KCIIEpTOM IIepeBakaHHs i-To (akTopa Hax

j-M TIpH 1X TIapHOMY HOpiBHAHHI, [,j = 1,ngc , k = 1,K
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Tabnuys 1. llkana nepeBeeHHS JIHIBICTUYHUX TEPMIB Y HEHiTKI TPHAHTYJISIpHI

yucia
Jlinrsictuuni Tepmu T1 as BU3HAYCHHS ITo3na- YucenpHe 3HAYECHHS
BIZITHOCHOI BaXKJIMBOCTI (haKTOPiB YEHHS MOMAapHOTO
(i-ro dakropy 3 j-m) MOPIBHSHHS
KpHUTEPIiB
a; j
PisHominHi (Equal) E (1;1; 1)
ITomipna mepeBara (Moderate) M (2;3;4)
CubHa niepeBara (Strong) S (4;5;6)
Jyxe cuibHa niepesara (Very Strong) VS (6;7;8)
Hanzpuuaiino cubpHa nepeBara (Extremaly ES (8;9;9)
Strong)

Etan 1.2 - moOymoBa HEHITKMX MaTPHIIb MAPHUX TOPIBHAHE (PaKTOPiB, iX arperarris
ISl OOYUCIICHHS 1HTErpaJIbHOT HEYITKOT MATpHIll MapHUX IMOPIBHIHH BU3HAYCHUX

€KOHOMIYHMX KpHUTEpiiB (W11 IHmMWX Tpyn (aKTOpiB — aHAJIOTIYHO) IUIIXOM
TpaHcdopMaii JIIHrBICTHYHNX OLIHOK Y HEWITKI YKCJia Ha OCHOBI MIKaiH (Tabi. 1):
EK ~EK _
A B = e
EK EK (2)
e @ = || (s 855 S |
” i I/ lnggexngy

Eran 1.3. - oninka HETITKUX KOe(Dili€HTIB BaYKIIMBOCTI BU3HAUYEHUX KPUTEPIiB Ta iX
BiIHOCHHX Bar:

leK = (aEK :Vz K)®< EK ) EK' EK) (Vu :Vzl :V3LK)

i ( o ) (wES W )
def def ’ e 4 4

SECET SO TR

Etan 3 - Bu3HaYeHHS HEUYITKMX 3HAYEHb IMOBIPHOCTEH peasizaiii BIUTMBY
30BHIMHIX QakTopiB Ha npouec Bubopy mMaiimanauky AEC - Tepm T2 = {nyxe HU3bKa
— VL; uu3eka — L; cepenus — M; Bucoka — H; nysxe Bucoka —VH}. CemaHTHKa TepMiB—
VL: (0,0; 0,0; 0,25); L: (0,15; 0,3; 0,45); M: (0,35; 0,5; 0,65); H: (0,55; 0,7; 0,85); VH:
(0,75; 1,0; 1,0). B pe3ynbraTi OTPUMYEMO IJIsi KOXKHOTO CKCIIEPTa HEUITKI OILIHKU
iMoBipHOcTel  peamizauii BBy —EK-daxropy (anmamoriuHo Juis  iHIIMX)
{PF¥, pE%, .. PER .

ETtan 4 - Bu3HaueHHS HEUITKHUX OIIHOK BIUTMBY (pakTopiB. TepM-MHOXKHUHA:

T3 = {mecyrreBuii — No Significant (NS), xyxe Huspkuit — Very Low (VL);
Hu3pkuil — Low (L); cepenniit — M (M); Bucoxmit — High (H); myxe Bucokmii — Very
High (VH), sag3Buuaiitno Bucokuii — Extremely High (EH)}. CemanTrka TepMmiB: mis
mepeBar - NSo: (—1; 0; 0); VLo: (—2;—1; 0); Lo: (=3; — 2; —1); Mo: (—4; — 3; — 2); Ho:
(=5;—4; —3); VH,: (—6; — 5; — 4); EH,: (—6; — 6; — 5); s mepomikiB — NS¢ (0;0;1);
VL (0;1;2); Le: (1;2;3); M (2;3;4) ; He: (3;4;5) ; VHe: (4;5;6); EHe: (5:6;6) . Onepxumo
JUIsl KOSKHOTO eKCHepTa HediTki omiHky piBHS BBy s EK-dakropis (st inmmx
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ananoriano): EKy, EK;, ..., EKy, .. 3a oTpumanumu pesynpratamm GymyeMo MaTpHIlio
OIIIHOK BIUIMBY 30BHIIIHIX ()aKTOPIB Ta HEUITKUX 3HAYCHb IMOBIPHOCTI iX peaizarii

(puc.2).

Hmogipuicmep
peanizauii ennugy

Heoonixu paxmopy Iepesazu
EHt VHt  Ht Mt Lt VLt | Vlo Lo Mo Ho VHo EHo
VH Ao
H
Bt M Bo
Ct Dt |L Do Co
VL
-6 5 4 -3 -2 -1 1 2 3 4 5 6

pisens ennugy paxmopie

Puc. 2. MaTpuiis HE9iTKOTO OI[iHIOBaHHS TIepeBar i HeIOMIKiB BITTMBY (PakToOpiB Ha
omiHKy ManganankiB AEC

Amnani3 pesynpraris: 1) [lepeBaru, o norpanuim B 061actb Ao, MalOTh BEJIHKE
3HAYEHHS JUIs Iporecy BUOOpY; B oonacti Bo, - MatoTh 3HauHui BrunB; B Co — MOXKYTb
OyTH BHKOpHCTaHI 3a NMeBHUX yMOB. 2) Hepmosiku, mo norpanuiu B o0jacTh Aj, €
MepIIOYEPrOBUMH JJIsl YCYHEHHs; B oOnacTb B; - moBHHHI OyTH yCyHEHi sIKOMOra
mBuanIe; oonacts C; — MOMIpHUI HEraTUBHUI BIUIHB.
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MPOTHO3YBAHHS HACJIIKIB IIOTEHIIMHOI ABAPIi OBBAJIEHHS
KOHCTPYKIIIi OB’€EKTY "YKPUTTSA” 1 PO3IIOBCIO/IKEHH S
PAJJIOAKTUBHUX AEPO30JIIB B CEPE/IUHI TA 3A MEKI HOBOTI'O
BE3INEYHOI'O KOHOAVMMEHTY

Cxnapenko /Imumpo, Kpykoecwvkuii Ilaeno, Cmonvuenko [Imumpo

IactutyT Texniunoi Terodizukun HAH Ykpainu, M. Kuis, Byn. Mapii Kanwicr, 2a,
En. aopeca: kruk_2@ukr.net

Hosuit besneunnit Kondaitnment (HBK) UAEC noOynoBanuit 3 MeToro
nepeTBopeHHs OyniBenbHUX KOHCTPYKIiH O6’ekta «Ykpurrs» (OY) B €KOIOTiYHO
6esmeuny cucremy. Jms 3abesmedenHs Oesmekn mepconany HBK Ta oTtouyroworo
cepenoumia (OC) mixg gac poOiT HEOOXiJHO CIPOTHO3YBATH HACTIJKU MOXKIHBOI
aBapiiHOi cUTYyaIllii 3 0OBaJICHHS KOHCTPYKIIil 00’ €KTy “YKPUTTS 1 pO3MIOBCIOKCHHS
pamioakTuBHUX aepo30iiB (PA) B cepenuni ta 3a mexi HBK [1].

Mertoro podotu nodymosa CFD moxaeni TepMOIUHAMIYHOTO Ta pajiariitHoro
craniB HBK mns MonenroBaHHs aBapiifHOT CUTYaIlil 3 JIOKAIEHUM BUKUIOM 8 K PA B
ueHtpanbHoMy 3aimi  OY mnpu  oOBaneHHI OyniBesbHMX — KOHCTpyKuii OV,
po3noscromkeHHsiM PA B ocHOBHOMY 00’ eMi (OO) i ocimanasM PA Ha BCiX MOBEPXHAX
mix HBK, a Takox BpaxyBaHHS KOHBEKTMBHHMX NOTOKiB moBitps B OO, ski
nepeMimnyoTh PA BijJ TOKaTbHUX MiCIlb BUKUIIB IO MICIh MPOTIYOK mijx ctinamu HBK
U KOHTPOJIIO «HHU3bKoro» BUKHAY PA 3a mexi HBK B OC. Taka pobota 103BOJIUTH
OIIIHMTH IIPOTHO3Hi 3HAYEHHS 00 €MHOI AKTMBHOCTI (KI/M’) Ta HEKOHTPOJIHOBAHHX
sutpar (M*/c) nporidok mositps 3 PA HasoBHi i Becepeauny HBK Ta kepysatn
BeHTWIANItHUMU ~ ycraHoBkamu (BY) HBK 3 wmeToro He mepeBHIICHHA
TpaHIMYHOOITyCTUMOTO piBHA BuKuay PA 3a mexi HBK.

Komm’torepra CFD Moznens BpaxoBye OCHOBHI (Di3W9HI TIPOLIECH, IO
BimOyBatoThcs B cepenuHi 1 Ha 3oBHImMHIX noBepxHsax HBK. [lns BukoHaHHS
MOJICJTFOBaHHSI TEPMOTa30JMHAMIYHOTO Ta pamniariinoro craHie HBK. I'eomerpuuna
monens HBK Bkirouarots B cebe Apky HBK, texnosnoriuny Oynisiio, neaepaTopHy
eTaXepKy, MallIMHHKUHI 3aJ1, 0JI0KM B Ta TONOMDKHHUX CHCTEM PEaKTOPHOTO BiJIIICHHS
(ICPB), Bentmisuiiini TpyOu. PospaxyHkoBa citka TtpuBumipHoi Mmoxeni HBK
CKJIIa€ThCS 3
1,1 mMiH. KOMipoK GaraTorpaHHoi GpopmH, ki 3rymanucs 1o nmosepxni HBK. 3rymenns
KOMIpOK TPOBOIIIIOCS JJISi OTPUMAaHHS pe3yNbTaTy MPUHHATHOTO MO Yacy Ta CTalluX
pe3ynbTatiB po3paxyHky B CFD monmeni HBK. Mopens Oyna Bukonana B 13 Ansys
Fluent [2].

B Mopeni BHKOPHCTOBYBANUCH po3paxoBaHi 3HaueHHs o] npotidok O0-33
0,95 M2, 00-C3 4,48 m? ta KII-0O0 7,09 m?. ITnoma npotivok OO-JICPB i3 ocHOBHOrO
00’emy HBK B oTouyroue cepenoBuiiie Ha ninsHili oomuBky BenTmaxtu JJICPB, Ha kil
He 3a0e3IEYeH0 MNPOEKTHUN KPUTEPIH €moy=0,001 M?*/M repMermsaiii 3’€nHaHb,
3arajpHa IUIOMIA SAKKMX OpuifHATa 3rigHo 3 [3] piBHoIo 0,349 M%. 3HauyeHHs THCKIB HA
30BHIIIHIX TOBEPXHIX BH3HAYAIUCH 3a JOMOMOTOI0 CIELIATbHOT TPUBUMIPHOL
aepoaMHAMIYHOI MOJIeNi 30BHIIIHKOTrO 00TikanHs HBK noBiTpsiM, HaBeneHOI B [4].
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TakuM 4YMHOM JJIsI MOJEINIIOBAaHHS 1 BUKOHAHHS OLIHKM ITOTEHLIHHOTO
HEOpraHi30BaHOTO (HU3BKOT0) BUKU/IY Ta OPraHi3o0BaHOTO (BUCOKOT0) BUKHJLY MOBITPS
3a mexi HBK BukopucroByBagcs [1] HaliGineim Biporinauii Hanpsmok Bitpy 315° Ta
CepeHbOMICSYHY MBUAKICTE BiTPY 4,2 M/c mius npomiiomankua YAEC mig wac
MOJIeTIIOBaHHs 18-TW TONMHHOT JUHAMIKK PO3MOBCIOMKEHHS PA migdac oOBasieHHs
OyxiBensHIX KOHCTpYKLiH OVY. Ta pi3Ha KiNbKICTh MPANIOI0YNX OCYIIYBATEHUX MAIIHH
HarHiTarounx nmoBiTps B KIT HEK: cuenapiii a — 2 mrt; crienapiit 6 — 3 mr. s crieHapiro
oOBaeHHA KOHCTpyKmii OY: Bukma mamusHOro mury (d=5 mxm, pa=2000 kr/m>)
ctaHoBUTH 8§ KT Ta ociganag PA y CFD mozneni HBK.

Pe3yabTaTn po6oTu.

1. moGynosana CFD monens TepmoanHaMiyHOro Ta pagianiiiHoro cranis HBK
sIKa BpaXOBY€ OCHOBHI OCOOJIMBOCTI BUKH/IIB, PO3MOBCIOKEHHS 1 ocimanHs PA miq HBK
Ta KJIIMaTH4YHI YMOBH 330BHI Ta OILIIHIOE TPOTHO3HI 3Ha4YeHHS 00’€MHOI aKTUBHOCTI
(xr/m*) Ta BUTpaT (M3/c) mpotivok moBiTps 3 PA HazoeHi i Becepemuny HBK 3 meToro He
NepEBHILIEHHS T'PAHUYHO JIOITyCTUMOTO piBHS BUKkKuay PA 3a mexi HBK;

2. BHKOPHWCTOBYIOYM Hai0Oimpmn Biporimumii Hampsamok Bitpy 315° Ta
CepeIHbOMICSYHY IIBHAKICTH BiTpY 4,2 M/C miJg 9ac MoOjeNioBaHHA 18-Tw roxwHHOI
TUHAMIKH po3moBCiopkeHHS PA Bim oOBasmeHHS OymiBenbHHX KOHCTpYyKmin OY
MOKa3ye, M0 NP BUKOPHUCTaHI 2-X BEHTWIALIHHUX YCTAHOBOK HATHITAIOYOTO TOBITPS
B kimbreswii mpoctip (KIT) HBK nemae Bukuay nositps 3 PA 3a mexi HBK. A npn
BukopucTaHi 3-x BY mnarmitatogoro mositps y KII, Bukmm mositpst 3a mexi HBK
cxnagae 2,1 M*/c mig cxigHoro crinoro HBK Ta MakcuManbHOro 3HaueHHS 00’ €MHOT
aKTUBHOCTI Oinst 3 Mr/m>,

BucHoBkm: 1.AHaii3 MOJIENIIOBaHHS BUTOKY ITOBITPSIHUX NOTOKIB 3 PA 3a Mexi
HBK noka3zas nepeBHIEHHS «HU3bKOTO» BUKUAY Jomyctumoi Mexi 700 MBx/micsp.

2. Cuenapiii o0BaJeHHsI KOHCTPYKLii 00’ekTy “YKpuUTTS~ Hece 3arposy sk
oTouylouoMy cepenoBumly Ha pisHi 0,05-10'2 Bk, Tak i B OO Ha piBHI 06’eMHOI
koHUeHTpanii 2,3-10° bx/M?, mo € HeGesneunnm a1 nepconanry HBK nporsrom 18
TOJMH.

3. IIpu ob6BaneHi koHCTpyK1i OY KoHCepBaTHBHO BuimiTae 8 kr PA, 3a 18 rogua
crieHapiro npubmu3Ho 76 % ocimae Ha moBepxHsx mix HBK, uwepes Bursxky HBK
«BUCOKHH BUKHI» BHXOIUTH 17%, B TIOBITpi 3anumaeTbest 6%, «HU3bKHIDY BUKUA PA
ckiagae 1%.
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Annotation. The paper is devoted to modelling the propagation of radioactive
aerosols (RA) in the NSC main volume (MV), the annular space of the NSC Arch and
releases to the environment in scenarios for analysing the safety of the NSC-SO complex
operation in case of RA release into the NSC MV and beyond in case of the Shelter
collapse.

The paper considers a CFD model that allows determining these losses through
leaks in the shells and building structures under the NSC walls, which takes into account
both the local release of radiation from the central hall of the SO and the spread of
radiation in the SO and deposition on all surfaces under the NSC Arch, as well as takes
into account convective air flows in the SO that transfer radiation from local releases
to places of low radiation release to the environment. The results of the scenario of the
Shelter structure collapse, which poses a threat both to the environment and in the MYV,
which is dangerous for NSC personnel during 18 hours of the considered scenario, are
presented, and estimates of the fate of radwaste deposited on the surfaces under the
NSC, released through the NSC ‘high release’ exhaust, remaining in the air and leaving
with ‘low’ radwaste outside the NSC are given.

PO3POBJIEHHSI CACTEMH NIATPUMKHU MPUMHATTS PIIIEHD JJIS
OIITUMAJIBHOI'O KEPYBAHHSA BEHTHJIALNIEIO HBK YAEC

Cmaposim Isan’?, Kpyxoscokuii Ilasno’, /eiinexo Anopiii', I'aspunro €ezern’

! IncruryT Texuiunoi Temtodizukn HAH Ykpainn, m. Kuis, kruk_2@ukr.net
2 HanjionanbHuii TexHiunuil yHiBepeuteT Ykpainu “Kuischkuii nosmitexHiuHuit
iHctuTyT imMeHi Iropst Cikopebkoro”, gev.1964@ukr.net

AHoraunis. PoboTa npucssdeHa CTBOPEHHIO IS TTOJAIBIIOTO BIPOBAIKEHHIO
cucteMu maTpuMku npuidHATTA pimens (CIIIIP) nns Hosoro besmeunoro
Kondaitamenty (HBK) YopaoOmmscpkoi AEC, ska cnpsMoBaHa Ha IiABHIICHHS
e(heKTUBHOCTI YHpaBIiHHA BeHTWIAMIMHUMH cucteMamu. Cucrema 3abesmedye
00i3HaHICTh TepcoHaNy Mmoo rigpasmigyHoro crany HBK mix wac HOpManbHUX Ta
aBapiiiHUX peXHMiB poOoTH. BpaxoBylounm BeNWMuYe3HHH pPH3MK IOB’S3aHUH 3
MOXJIIBUMH BUKHJIAMU PaJI0aKTHBHUX aepo30JIiB, poOOTa aKIEHTye Ha HEOOX1THOCTI
CTBOPEHHS JMHAMIYHOI Ta aJlallTUBHOI CUCTEMH YIIPaBJIiHH, 10 3/]aTHA pearyBaTu Ha
3MiHHI yMOBHM BHYTpIIIHBOrO 1 30BHImHbOro cepenosuma HBK. B poborti
BUKOPHCTOBY€EThCS KOMIUIEKCHMH MiAXiN, IO BKIroyae (isW4Hi Mozemni, Mojeni Ha
OCHOBI MalIMHHOrO HaB4yaHHS Ta MonTe-Kapno cumymsuii, 118 TOYHOTrO
MIPOTHO3YBAHHS Ta YIPAaBIiHHS PiBHAMH paioaKTUBHHUX aepo3oiiB BecepeanHi HBK ta
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ix Bukugamu Ha3oBHi. [lokasHuii mpukian ontumizanii Butpar BY, mo 3abe3neumniio
3MEHILICHHS! BHKHJIB paJiOaKTUBHUX ae€pO30JIiB 3 OCHOBHOIO 00’€éMy Ta 3HA4YHO
CKOPOTHTH CIIOXKMBaHHS ejekTpoeHeprii. Takum umnoM, onmcana CIIIIP no3Bosse
3MEHIINTH PU3UKH JUIS JOBKULIS Ta 3a0e3neuye Oe3nedyHi yMOBH poOOTH IEpPCOHaIy,
PO3LIMPIOIOYN MOXKIIMBOCTI OTIEPATUBHOTO pearyBaHHs Ha 3MiHy yMoB BcepeanHi HBK.

Asapis Ha YAEC, mo cranace B 1986 porri, Mana katactpodidHi HACTIAKY JIJIs
HABKOJIMIITHBOTO cepenoBmima. OCKUTBKM CTBOPSHHH oppasy micmsi aBapii OO’ext
«YxpurTs» OyB THMYacOBHM pillleHHSM, Ha 3aMiHy oMy Oymo moOymoBano Hoswii
Besneunnit Kondaitnment (HBK), mo mae 3abe3neunt neperBOpeHHs! BHYTPILIHBOTO
00’eMy B €KOJIOTTHHO YHCTy cucteMy. [Ipu oMy min yac excrutyaranii HBK BuHukae psin
CKJIAJIHUX 1H)KEHEPHO-HAyKOBUX 3ajia4, 30KpeMa TaKHWX IIO MOB’S3aHiI 3 ONTHMAalbHUM
(yHKLIOHYBaHHS CUCTEMH BEHTHJIALII 00 €KTY: MIATPHMMAaHHS 33/laHUX YMOB BCEpEIMHI
HBK (Takux sk penupKyJisidisi HOBITPS Ta BIANOBIJHUI PIBEHb BOJIOTOCTI), a TaKOX
MiHIMi3alLlisi BUKUIB paJli0aKTUBHUX aepo30J1iB 3a Mexi KoHgaliHMeHTy.

Merto1o po6oTH € popmarizaliisi BAMOT, a TAKOK CTBOPEHHS IPOTOTHITY CUCTEMHU
miarpumku npuitHTT pimens (CIIIIP) HBK YAEC, mo no3Bommna O ITiABHIIHATH
e(peKTUBHICTh YIpPABNiHHA BEHTWLINIHHUMHU ycTaHoBKaMu (BY) Tta o0i3HaHiCTH
mepcoHanmy O00’€KTy MIOA0 WOTO TiNpaBIiYHOTO CTaHy, fAK I Yac HOPMAaJbHOL
eKCIUTyaTallil, TaK i i Yac MOKJIMBUX aBapiifHUX ctaHax. [Ipu po3poOIieHHI BiIIOBI THOT
CIIITP, HeoOXimHO BpaxOBYBAaTH 3aIUIaHOBaHWA TepMiH ekciuryartamii B 100 pokis,
3MiHHICTh “¢iznaanx’” mapametpiB HBK B uaci (Takux s Imiomi HEKOHTPOJIHOBAHHX
MPOTIYOK, SIKI HE MOXKJIMBO OLIHUTH NPSIMUM BHMIPIOBaHHSM), BIUTMB NapaMeTpiB BITPY
[1], pi3HOMaHITHICTb PEKHMIB IIPOBEICHHSIM POOIT.

Ha ocHoBI ocobnmBocTei 00’ €KTy Ta psiay 3amianoBanux pooir [2,3], no CIIITP
CTaBUTBHCS TEPEJIiK OCHOBHHMX (DYHKI[IOHAJIBbHI BHMOTH, a came, 3a0e3leYCHHS
NEepPCOHATY JOCTYIOM JIO: IOKa3iB JAaTYMKIB Ta BUTPATH BEHTHWIISALIHHUX YCTAaHOBOK,
aKTyaJbHUX METEPEOJIOTIYHUX MaHUX, iH(QOpMaIii mpo IUTONmi HEKOHTPOIbOBAHHUX
MPOTIYOK (a TaKoX 00 €MIB IUX MPOTIUOK), iH(GOpPMAII] OO0 ONTHMAaIbHUX BUTPAT
BY, nporao3oBaHMX BUKHIIB paJiOaKTHBHUX Aa€pO30JiB, JOCHIIPKCHHS BIUIUBY
mapaMeTpiB (IUIOIII MPOTIYOK, MIBUIKOCTI Ta HANPSAMY BIiTpY) Ta BUTpaT BY Ha 00’eM
HEKOHTPOJIbOBAHUX MPOTIUOK.

OcHoBoto po3podieHoi CIIIIP € Monymb OMIHKM TiApaBIiYHOTO CTaHy Ta
3HAXOJUKEHHS ONTHMAJIbHUX BUTPAT, OCHOBHUMH CKJIaJJOBUMH SIKOTO €:

1. ITiamakeT MojaeneH, mo MicTuTh sk (izuany mozens HBK (1o BukopucToBye
piBHsHHA OanaHciB Mac Ta bepHyiuii), Tak 1 MOJeNbs Ha OCHOBI MAIIMHHOTO HaBYaHHS,
IO NO3BOJISIE TepeadadyaTd Mepenajyd THCKIB Iu(MaHOMETPIB B 30HAX OCHOBHHUX
npoTivok Ta Tucku Beepeauni HBK [4, 5].

2. [Mlignaker s poOOTH 3 CTAaTUCTUYHUMHM IapaMeTpaMHu BITPY, a TaKOX
nposenenHs MonTte-Kapiio cumyisimii.

3. [igmakeT i1 3HAXOIDKCHHS ONTHMAIBHUX BUTpaT BY, amropurmu s
3HaXOJ/DKEHHS IUIOLI HEKOHTPOJBbOBAaHMX MPOTIYOK Ta 3HAXOJUKEHHS ONTHUMAIbHUX
BaroBUX KOC(QIIi€HTIB IS MOJICIICH MAITHHHOTO HABYAHHS.
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PesyabTaTn po6orn.

Brepie po3po6nena CIIIP no3pomnse 3abe3neuntu nepconan HBK akryansHo0O
iHpopmariero mozao crany HBK, Takum umHOM MiHiMI3yloun HeoOXigHMI Hac Ta
I/IBUILYIOYHN SIKICTh NPUHHATHX pimeHb. OKpiM IbOT0, NOKa3aHO e(EeKTHBHICTBH
3aCTOCYBaHHS MoJielieit Ta MeToiB 1o BxomaTh o CIIIIP, 30kpema:

1. BukopucTtanHs onTuMmizoBaHWX BHUTpaT BY Ha ekcruryaramiiiHiii BHOOpI
(mucromanm 2021 poxy; TpaBeHp Ta depBeHb 2022 pOKy) MO3BOJIMIO JIO3BOJIIIA
3MEHIIHUTH HEKOHTPOJILOBAHI BUKHM TOBITps 3 4753 M 0 122 M3 3 0cHOBHOTO 06’ €My,
IIPH IIbOMY 33 PaXyHOK MEHIIHX BUTPAT BY eKoHOMis enekTpoeHeprii ckiana OIu3pK0
52%.

2. Ans anamizy BIUIMBY IwUion] mpoTidok Ha Bukumu PA 3 HBK, 3amano Taki
YMOBH, IO BiJTIOBIAA0Th HASIBHUM €KCIUTyaTaI[iiHUM JaHUM (2 NPyl YCTAHOBKU
KiJIBLIEBOTO TPOCTOPY, BIJCYTHICTh HaKaykd IOBITPS B IUIIO3M) Ta HaHOULIbII
HeOe3neyHnii HanpsM BIiTpY (cXigHME BiTep). 3HalaeHo, 1110, IPU TaKiil MOCTaHOBII,
nocriiina Butpata BY ocHoBHOro 06’emy Ha pieni 130.000 m*/rox 3aGesneuye
BiJICYTHICTh BUKHU/IiB IIPY MIBUAKOCTIX BITPY 10 5 M/c. [I01BOEHHS IO POTIYOK MPH
THX 3a(iKCOBAaHUX IHIIMX MapaMeTpax MPHU3BOJUTH TO HEOOXITHOCTI 301IBIICHHS
sutpatu BY g0 190.000 m*/rox. Ilpu npoMy MakcMManbHa HE KPUTHYHA MIBUAKICTE
BITpY IpH aKTyaJlbHUX BHTpaTax BY ckimamae Bxke He 5 M/c, a 2.5 M/c, 110 3HAYHO
0OMexXye MOXIUBICTh poOOTH MpH MOCTiHHIN moTykHOCTI BY. OTpumani pesynsratn
BKa3YIOTBCS Ha HEOOXigHICTh NPOAKTUBHOTO IUIAHYBAaHHS Ta MpPOBENEHHS pPOOiT
CHPSIMOBaHMX Ha MIiHIMI3aI[ifO TLIOL] TPOTIYOK.

3.3a 1omomMoror BHKOPHUCTaHHS IHTerpoBaHoro Metoay Mounre-Kapio,
MOXUJIMBO 3HAWTH PO3MOAIN OYIKyBaHOI KUIBKICTh BHUKHJIB B 3aJ€KHOCTI BiJ
3athikcoBaHoi Butparu BY (BkirouHo 3 95% moBipunmu iHTEpBaNaMH), TAKUM YHHOM
oOpatu MiHIMalbHy HeoOXinHy moctiiiHy Butpary BY. IIpoBeneni 1000 cumyssii
pO3MipOM B OJMH JIeHb IIpHU MoTyxkHOCTAX BY 130.000 M3/ron, mokasanu, 1o cepeate
3Ha4eHHs 00’ eMy BUKHIB cknanae 451 v,

BucHoBku.

PoGora nanm crBopennsm CIIIIP mns Hosoro besneunoro KondaitameHnty
YAEC € BaxxMBHM KpOKOM y 3a0e3ledeHHi eKOJIOTiYHO1 Oe3MeKH Ta ONTHMi3amii
POOOTH BEHTHIIALIIHOT cucTeMr. BukopucTaHHS iHTETPOBAaHOTO MigXO0IY, IO BKIIFOYAE
¢i3uyHi MOJeNi, MallMHHE HaBYaHHsA Ta MeToau MonTte-Kapro, no3Boisie 3HaYHO
MIiABHUIUTH SKICTh OI[IHKH Ta YIPABIIHHS T1IPABIIYHAM CTAHOM 00’ €KTY.
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Abstract. This work is devoted to the development of a decision support system (DSS)
for the New Safe Confinement (NSC) of the Chernobyl NPP, which is aimed at improving
the efficiency of ventilation system management. The system provides personnel with
awareness of the NSC hydraulic condition during normal and emergency operation. Given
the enormous risk associated with possible releases of radioactive aerosols, the work
emphasizes the need to create a dynamic and adaptive control system that can respond to
changing conditions of the NSC internal and external environment. The work uses an
integrated approach, including physical models, machine learning models, and Monte Carlo
simulations, to accurately predict and control the levels of radioactive aerosols inside the
NSC and their releases to the outside. An example of optimization of the VU costs is shown,
which ensured reduction of radioactive aerosol emissions from the main volume and
significantly reduced electricity consumption. The described DSS reduces environmental
risks and ensures safe working conditions for personnel, expanding the ability to respond
promptly to changes in conditions inside the NSC.

ANALYSIS OF THE NEUTRON FLUX DENSITY DYNAMICS
IN A VERTICAL FLOW OF LAVA-LIKE FUEL-CONTAINING MATERIALS
IN THE 4TH STEAM DUMP VALVE

Kostyantyn Sushchenko, Yevhenii Vysotskyi, Maxim Saveliev

An analysis of the dynamics of the neutron flux density (NFD) was carried out
recorded from the moment of installation of the New Safe Confinement (NSC) by the
detection unit of the nuclear safety monitoring system, installed directly in the breeding
medium of the accumulation of lava-like fuel-containing materials (LFCM) in the 4th
steam dump valve, located in the southwestern part of the base plate of the reactor shaft.
The relationship between the NFD dynamics and the temperature and humidity
conditions in the "Shelter" object after the installation of the NSC is shown. A physical
model of the LFCM accumulation in the 4th steam dump valve has been developed,
with the assumption of possibility of including fuel pellets during the formation of a
vertical flow of brown LFCM. The results of model studies of the neutronics
characteristics of this physical model in the MCNP 6 program code are presented. It has
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been established that the LFCM accumulation in the 4th steam dump valve is subcritical.
NFD growth after the NSC installation is caused by two factors: water leaving the
borehole; an increase in Kef due to the loss of water from the over-moistened breeding
medium of the LFCM accumulation. During the process of water loss, the accumulation
reached the optimal water-uranium ratio and with further water loss, a drop in NFD is
observed.

Keywords: New Safe Confinement, nuclear safety, monitoring systems, fuel-
containing materials, neutron flux density, modelling.
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METHODS OF DETECTING INTRUSIONS TO COMPUTER NETWORKS
TRANSPORT AND LOGISTICS INDUSTRY
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Abstract. The development of digital technologies and the introduction of automated
control systems for technological processes in transport have led to an increase in the number
of security threats. The use of computer networks and intelligent devices allowed attackers
to organize a large number of remote attacks on automated systems. The possibility of using
methods for detecting intrusions in computer networks of transport and logistics industry is
being investigated. Selected types of attacks on transport and logistics centers (targeted and
untreated) are identified.

Automated systems are usually designed so that their information security depends on the
internal environment. Three situations contributing to a decrease in the level of security in
the networks of the transport and logistics industry are considered: convergence of networks,
outdated best practices, and non-priority of information security. Existing intrusion detection
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methods are describe as behavioral, signature, and artificial intelligence methods. Behavioral
methods analyze network traffic using various computing algorithms for information
processing, they are based on mathematical statistics, wavelet analysis, etc.
Signature methods are based on searching for existing and new signatures of network attacks
in relevant databases.
The methods of artificial intelligence include the methods of machine learning and
computing intelligent algorithms: neural networks, the method of random forest (Random
forest), Begging (bootstrap aggregation), etc.
The absence of a standard set of performance indicators to measure approaches to reducing
network attacks is highlighted. Thus, it becomes obvious that it is necessary to solve these
problems not only as a part of the development of a more effective attack detector but also
to increase the reliability of intrusion detection systems.

Keywords: information security, transport and logistics industry, intrusion detection
methods

In today's world, with the wide implementation of digitalization, the problem of
information security (IS) has become a priority and relevant, including transport and logistic
cs industry (TLI). IS of TLI means the state of information resources protection of transport
and logistics infrastructure against unauthorized access that cause damage of information,
infrastructure, or its owners, and also in connection with the violation of at least one of the
criteria of IS (confidentiality, availability, integrity) [1].

The development of digital technologies and the introduction of systems for
automated control of technological processes in transport have led to an increase in the
number of security threats. The use of computer networks and intelligent devices allowed
attackers to organize a large number of remote attacks on automated systems.

In recent years, a significant number of intrusion detection systems (IDS) have been
developed, but enterprises in the transportation industry still face successful attacks that
traditional IRS systems are unable to detect. In particular, in Ukraine last year, the number
of cyber-attacks increased by 15.9% to 2,543 incidents compared to 2022. The government
computer emergency response team CERT-UA reported 32 large-scale attacks on the
transport industry (Ukrtransbezpeka) [2]. All this requires the creation of new approaches to
ensuring information security.

In connection with the automation of transport and logistics processes and transfers
of large data sets, transport and logistics centers (TALC) are being created, which ensure the
safety of transportation through a single information system. The first type of attack is
prepared systematically, i.e. reconnaissance is carried out using Open Source Intelligence
(OSINT) tools, action planning (some vectors of implementation into the infrastructure may
correspond to the MITER ATT&CK matrix), and, if necessary, preparation for physical
penetration of the object. For example, one of the working vectors of an attack on such
objects is "suppression of the control function". Since targeted attacks are not carried out in
one stage, the system can track an attack that is being prepared and notify IS specialists based
on certain signs.

Untargeted attacks are usually performed spontaneously and do not aim to break a
particular object. For example, bots scanning the network led to the hacking of a user account
on a website, or IT specialists did not close access to the corporate network to a fired
employee.
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Automated systems are usually designed so that their information security depends
on the internal environment. A dedicated network controlled by the operator closes
vulnerable places in the work of protocols. However, such implementation is not always
possible. A decrease in the level of security in TLI networks occurs mainly due to three
situations:

1. Convergence of networks. Networks cease to be isolated and interact with
automation components, therefore, the scope of attacks increases. For example, if a cloud
platform appears in a transport company (TC), with the ability to control various components
via a smartphone.

2. Outdated best practices. Devices and programs in the TC environment are designed
for a long service life with normal (ordinary) use, not for resistance to network attacks. Despite
advanced research and the release of software updates, many environments still have old
backdoors or remote administration using insecure protocols (FTP, VNC, TeamViewer, etc.).

3. Security is not a priority in business processes, especially in transport. Priority is
given to the performance of this or that application, which is why processes are often
launched with elevated privileges "Everything is allowed". For example, engineering
stations that use software for reprogramming software and logistics complexes do not work
well in a multi-user mode and must be available to contractors in case of scheduled work.
Conventional firewalls will not be effective here, and intrusion detection will require the
understanding of the traffic only at the protocol level.

To date, existing intrusion detection methods are divided into behavioral, signature,
and artificial intelligence-based methods.

Behavioral methods analyze network traffic using various computing algorithms for
information processing: based on mathematical statistics, wavelet analysis, etc.

Signature methods are based on searching for existing and new signatures of network
attacks in relevant databases.

The methods of artificial intelligence include the methods of machine learning and
computing intelligent algorithms: neural networks, the method of random forest (Random
forest), Begging (bootstrap aggregation), etc.

The efficiency of current techniques can not be tested solely on real attacks and
datasets, making them impractical in assessing a successful approach. These approaches can
be measured against a set of performance measures, but there is no standard set of
benchmarks to guide this process. Thus, it becomes obvious the need to solve these problems
not only as a part of the development of a more effective attack detector but also to increase
the reliability of intrusion detection systems.
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HIANOTOBKA ®AXIBIIB JIJISA 3JIMCHEHHS JISIJIbHOCTI
IO 3HATTIO 3 EKCILTYATAIIII AEC
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3HATTS 3 eKCIUTyaTamii € OCTaHHIM eTaloM JXHTTEBOTO MHUKIY OyIb-sIKOTO
€HEepPreTHYHOr0 Ta MPOMHUCIOBOTO  00’ekTy. B 3araspHOMy BHITISAI  BOHO
3IICHIOETBCS IIUIIXOM JEMOHTaXy OONaJHaHHA Ta CIOPYA Micis OCTaTOYHOI
3YNHMHKH 1 TPUNUHEHH eKCILTyaTanii 3 MEeTOI0 BUBUIBHEHHSI MallaHIMKa JUIS 1HIIOTO
3aCTOCYBaHHSI.

Ale 3acTOCyBaHHS /IO 3aHATTSA 3 eKCIulyaranii  eHeproOJIOKIB aTOMHHUX
CJICKTPOCTAHIIIA TIIXOAY, II0 BUKOPHUCTOBYETHCSA JJIS 3HATTA 3 eKCIUTyaTtarlii
HESICPHUX TMPOMUCIOBUX 00’€KTiB, HenpuiHATHE. lle mMosCHIOEThCS THM, IO Ha
BiZIMiHY BiJ ocTaHHiX, eHeproosok AEC 3a mepion cBoe€l ekciiIyaTailii HaKOIHYye B
CBOEMY 00Cs31 3Ha4HAa KUIBKICTh SIK aKTHBOBAaHHWX HEHTPOHHUM IIOTOKOM, TaK 1
3a0pyAHEHUX PaTiOHYKITiJAMH CHCTEM i eJIEMEHTIB. BiAmoBiAHO, IEMOHTaX YaCTHHH
EHEeproOJIoKy, 1[0 MICTHUTh 3a0pyJHEHE DKEpeJaMH 10HI3yHOUYOro BUIIPOMIHIOBAHHS
obyiasiHaHHsl Ta OyHiBeNbHI KOHCTPYKLIi MOXKe OyTH BHKOHAHMH TUIbKH 33 YMOBHU
3a0e3MeueHHsT 3aXHUCTy IIepCOHANTy, HAacelNeHHS 1 HaBKOJMIIHBOTO IPHPOIHOTO
CepelOBHUINA BiJ IIKIIUIMBOTO BIUIMBY I1OHI3YIOWOTO BHIIPOMIHIOBAaHHS Ta 3aXUCTY
MaiOyTHIX TOKOJIIHb.

OcoOmuBicTIO 3HATTA 3 ekcruryatanii eHeproomokiB AEC e Te , mo mpu
MPOBEACHHI JIEMOHTaXXy 3a0pYAHEHOI JDKEpelaMH 10HI3yI0UOTO BHIIPOMIHIOBAHHS
eHepro6moky AEC BuHHKae BelqMKa KiJbKICTh pamioakTHBHHX BigxoniB (PAB)
pi3HOTO pIiBHA aKTHUBHOCTI, fAKi HOTPEOYIOTHCS MNEpepoOKH, KOHAWIIOHYBaHHA Ta
3axopoHeHHs. lle B CBOI uepry moTpeOye cTBOpeHHs cXxoBuil PAB Ta 3milicHeHHS
MOCTifTHOTO Pa/ioJIOTIYHOTO Ta TEXHIYHOTO HArsiAy 3a CXOBHUIIAMH BIPOJOBXK
BCBOTO TIEepioAy iX (GyHKLiIOHYBaHHS .

3nificHeHHST 3HATTA 3 eKCIUlyaTalii € KOMIUIEKCHOIO JSUIBHICTIO, OCHOBHOIO
METOI0 SIKOI € 3aXHCT MEePCOHaTy, HACEJIeHHSA 1 MOBKULIA BiX BIUIMBY  JDKEpeEN
10HI3yIOYOTO BHIPOMIHIOBAaHHS, IO MICTATECS B OOJNQJAHAHHI Ta CHOpyZax
3ynuHeHnx enepro6iokiB AEC. Lio nisutbHiCTh MOTPIOHO MOYMHATH 3HAYHO paHille
MOMEHTY IX OCTaTO4YHOI 3ynMHKH. BoHa BKiIOo4ae B ceOe TIUIaHyBaHHS 1 IPOBEACHHS
B3a€MHO TIOB’SI3aHUX MIJATOTOBYUX 3aXO0JiB 1 pOOIT.

Huni na AEC VYkpaiHum 3HaxonsTecst B ekcrutyartanii 15 enepro6iokiB. Y
HalOJIVKYe JecsITUpiYYsl CTPOK IIPOMMCIIOBOI ekcruryatanii 12 i3 15 eHeproOiokis
AEC VYxpainn nmocsrae 50 pokiB. BpaxoByroun MpOEKTHUH TEPMiH eKCILTyaTallii Ta
HOTO MPOIOBKEHHS, 3HATTS 3 eKCIITyartarii 12 eHeproOIoKiB 3 BETUKOIO BipOTiAHICTIO
moxe moyatuch 3 2030 poky.
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JonatkoBuM (hakTOpoM, IO MOXKE NPHCKOPHUTH IOYAaTOK POOIT 31 3HATTA 3
eKcIuTyaTamii okpemux eHepro6mokis AEC, e curyamis Ha 3amopisskuii AEC. Ii
OJIOKM TIiJ dYac OKymamii He TpamioBaIM HAa TOTYXHOCTI 1 JIOCHTh YacTo
3HAXOJMJINCh B CTaHI IOBHOTO 3HECTPYMJICHHS, IO HE MOXE HE BIUIMHYTH Ha
TeXHIYHUHA CTaH iX CHCTEM Ta €JIEMEHTIB. MOXIIMBICTh ITOJOBXKEHHS TPOMHUCIOBOT
ekciuryararii enepro0iokiB 3amopizpkoi AEC um  3milicHeHHS IX OCTaTOYHOL
3YINHUHKH MOXXE OyTH BH3HA4YCHA TICIsA NEPEMOTH i 3BUIBHCHHS 3aXOIUICHUX

TEPUTOPill HUIAXOM  MPOBEICHHSI pPETEeIbHOTO  TEXHIYHOTO  OOCTEeXKEHHS 3
ypaxyBaHHIM CTaHy CTaBKa-OXOJIO/KYyBada.
BignmoBimHO 10 BHMOr HOPMATHUBHHX  JOKYMEHTIB, [1,2] 3HATTIO 3

ekcrutyaTanii  simepHoi  ycraHoBkM (SIY) mOBMHHO —mepeqyBaTH — IPOBEACHHS
KOMILUIEKCHOTO iHkeHepHoro pamiamiifHoro obctexkenns (KIPO), Ha mimcraBi sikoro
Ta KOHLEMLIi 3HATTSA 3 eKCIUTyaranii HeoOXiTHO  pO3pOOHMTH TPOEKT 3HATTS 3
excrutyatauii. Llfo aisybHICTE HEOOXimHO ToYMHATH 3a 4-5 POKIB 10 MOMEHTY
ocTtaToyHOi 3ymuHKH eHeprodioky AEC.

Kpainy, mo 3Ha4HUi 4ac eKCIUIyaTyIOTh aTOMHI €JIEeKTPOCTaHIii HAKOUYUIIN
3HAYHHMU JOCBIJ iX 3HATTS 3 ekcrutyaramii. [l BHKOHAHHS pOOIT 31 3HATTS 3
ekciuryaranii Ta moBomkeHHIO 3 PAB B Himewuwnni Ta Benmkobpuranii
MIPOBOIUTHCA IiJiecTIpsiMOBaHa (haXxoBa IArOTOBKa crieriamicTiB [3].

CreuianicTiB B ramy3i aTOMHOI €HEPreTHKHM B YKpaiHi BHIYCKAalOTh TIIBKH
BUIII HaBYaJbHI 3aKJaad, NPH YOMY KUIBKICTh CIEHIANICTIB JOPYTrOr0 OCBITHBOTO
PiBHA «MaricTp», IO BHITYCKAlOThCS IMOpPOKy He mnepesuinye 60. Iligroroska
¢axiBiiB, o crenianizytoTbes Ha 3HATTI AEC 3 ekcruryaTamii Ta NOBODKEHHIO 3
PAB HE TpOBOIWTHCS 30BCIM.

[MpuitmMatoun 10 yBarm, mo Oe3mocepeHs MiArOTOBYA MiSTBHICTD O 3HSATTS
AEC VYkpainu 3 ekcrutyartaiiii MOXKE pO3MOuYaTHCh uepes 4-5 pokiB, 3MiHCHEHHS
MATOTOBKK KBani(hikoBaHUX (axiBUiB Uil Li€l AisibHOCTI HaOyBae aKTyaJbHOCTI.

HamionaneHuil TexHiuyHWHA yHiBepcHTET YKpaiHu « KHiBCRKHAN TOMITEXHITHIHA
iHcTuTyT M. Iropst Cikopebkoro (KIII) 3 1985 poky 3ailicHIOE TArOTOBKY (haxiBIiB 3a
cneuianbHicTio 143 «AToMHa eHepreTnkay» Ha 0a3i HaBuanbHO-HayKOBOI'O iHCTHTYTY
atomHoi Ta TeroBoi eHepretuku (HH IATE). HaykoBo-nenaroriuni ImpamiBHAKA
kadenpu HaOynM 3HAYHOTO JIOCBILYy B HAYKOBO-BHUKJIANAIBKill Ta MpPaKTHYHINA
NIATBHOCTI B aTOMHIM Tarysi.

HHIATE Bomnozie ZOCBiIOM BIIKPHUTTSA Ta BIPOBAIKCHHS HOBHX HAIPSMKIB
MiATOTOBKU. 30KpeMa, NMpH MATpUMII MiHiCTepcTBa €HEPreTHKH  YKpaiHu B
inctutyTi B 2019 porli 3amoyaTKOBaHO MIATOTOBKY (axiBIiB 32 MaricTepchKOI0
nporpamoro «Di3udHUI 3aXUCT Ta OOJIK i KOHTPOIB SICPHUX MaTEpialliBy y paMmKax
cnemianbHOCTI 143 «AToMHa eHepretuka». Ha cporomni KIII enmHumit  Bummii
HaBYAJIBHMHN 3aKiaj, SKMHA 3AIHCHIOE TaKy MiAroToBKy. [lepmmii Bumyck ¢axiBLiB y
KimpKocTi 38 ocib BinOyBcs y rpyani 2020 poxy. Lleit mocBin mo03BONIsIE  IHCTUTYTY
MiATOTYBaTA 1 HANATH HACTYIHI NPOIO3MINI MO0 3MICTy, 3aXOJIiB 3 PO3POOKH i
BIIPOBA/DKEHHIO HOBOI OCBITHBOI TporpamMu «3HATTS 3 ekcruryartarii AEC».
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OcBiTHS Tporpama, o MPOIOHYETHCS 10 PO3POOKH Ta BIPOBAKEHHS Oyne
BKJIIOYATH HACTYTHI OCBITHI KOMITOHEHTH:

* MixkHapoHi Ta HaI[lOHAJbHI 3aKOHOMJABYi Ta HOPMATHBHI OCHOBU JIS
3HATTA 3  EKCIUIyaTalil aTOMHHX EJIEKTPUYHHUX CTaHLIil;

* 3abesnedeHns pagiamiiaoi 6e3neku (PB) minx wac 3usarrs AEC 3

» Excruryaranii; TexHiuni 3acobm 3abesmeuenHs Pb 1 memuko-comianbHUi
aCIeKT M€l MisVIGHOCTI,

* SaranpHa iHpOpMAmis Ta MAXOAW 1O 3HATTA 3 eKCIUIyaTamii aTOMHEX
eIEKTPUYHMX CTAHIiil. 3MiCT TOJOBHHUX MiATOTOBYMX 3aXO[iB, INIAHYBaHHSI 3HATTS 3
eKCILTyaTarlii;

* 3MICT Ta CHpPSIMOBAHICTH 3aXOMIB Ta poOIT mpH Oe3mocepenHid peaizarii
MEPIINX eTalax 3HATTSA 3 eKCIUTyaTallii — erama KOHCEpBallil i BHTPHMK;

* [IpoBeneHHsT Ae3akTUBaALii IPH 3HATTI EKCIUTyaTalil;

* Metomu Ta TEXHOJOTIi AEMOHTaXy IpH 3HSTTI 3 KCILIyaTalii;

* 3HATTS 0OME)KEeHB 3 BUKOPUCTAHHS MalJaHYMKa MpU 3HATTI 3 eKCIUTyaTaIlii.
Bumorn i npouenypw;

* Bumorn 50 mepcoHany, mo  3IiMCHIOE IiSUIBHICT Ha pI3HUX eTamnax
3HATTS 3 eKCIUTyaTtamii Ta Jo HOro MmigroTOBKH;

* JloBOoKEHHS 3 pafioaKTUBHUMHK BiAXOMaMH TIPH 3HATTI 3 eKCIUTyaTarii, iX
XaPAKTEPUCTHKH | BU3HAYCHHS KITBKOCTI.

Y HamionanpHOro TexHiyHOrO yHiBepcuteTy Yipainu «KIII im. Irops
CiKOpCBKOTO» € YHIKallbHI MOJIJIMBOCTI JJIST 3MIHCHEHHS TaKOTO IIPOEKTY:
 HasBHiCTH mopsin 3 KueBom YopHOOMIBCKOTO — MONITOHY, Ha  SKOMY
po3stamoBana YAEC, mo 3HaXOAWTBCS B CTaHi 3HATTA 3 ekciuryaramii. Lle Oyze
YHIKaJIbHUM MalTaHIMKOM U TPAKTHYHOI MATOTOBKH (haxiBIIiB;

 HasBHicTh Y Kuesi Iucruryry mnpobnem 6esneku AEC HAH VYkpainu ta
HU3KH IHIINX YCTAaHOB, 1110 3aiiMatoThesl Lieto npobnemarnkoro (KuiBchkuit iHCTHUTYT
«Eneprompoext», IHTL] 3 spepHoi Ta pagiamiitHoi 6e3mekn Tomio), 3 sskumu  KIII
CITIBIIPAITIOE.

Peanizaiiito MPOEKTY IIAHYETHCS 3MINCHUTH ILISIXOM:

* CTBOPEHHsI KOJEKTHUBY BHKJIA/JauiB Ta IXHBOI MiJrOTOBKH (CTa)KyBaHHA) 3a
UM HAMPSMKOM Y TIPOBITHHUX MPO(UIFHUX OpraHi3aliix CBiTy;

* po3poOka KOMIUIEKCY METOJMYHUX MaTepialiB y TOMY YHCII IMEpeNiky
HEOOXITHUX TUCHHUILTIH (IPOEKT MEpeNiKy IOIa€ThCs), CHaadyciB IUX MUCIHILIIH,
HaBYAJbHHUX IUIAHIB MAariCTepChKOi MiJrOTOBKH, KOHCIEKTIB JEKIIiH, HaBYAIbHUX
MOCIOHUKIB Ta 1HIIOI METOJUYHOI JITEpaTypu JUIS CTYJCHTIB, 2 B MOAANBIIOMY — i
BiJINIOBiTHUX ITiIPYYHHUKIB;

* CTBOPEHHS HAYKOBO-IOCHiTHOI iHPPACTPYKTYpH.

[lepenbavaeTncs 3a0e3meueHHs] K TEOPETUYHOI, TaK 1 MPAKTUIHOI i ATOTOBKH
cTyneHTiB. [IpakTHuHy MiATOTOBKY mependadaeTbes 3iMcHIOBaTH HA 0asi:

1. ICIT «HoproOinscka AEC»
2. Iuctutyty mpobiem 6e3nekn AEC HAH Ykpainu
3. KuiBcpkoro iHCTUTYTY «EHEprompoexT.
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Kpim Ha3BaHux opranizaniii 1o poOiT 31 CTBOpEHHS 3a3HaYCHOI OCBITHHOI
MporpaMu MoOXyThb OyTH monydeHi 3BO, mo TOTYIOTH CHEMialliCTiB AJIT aTOMHOI
EHEepreTHKH i HayKOBi opraHi3almii Ta iHCTHTYTH, IO CHEMiali3yIOThCS B Il Taiy3i.

BinmoBigHO 10 TOCBiAY, OTPUMAHOTO TPU PO3POOI i BIPOBAIKCHHI HOBOT
OCBITHBO{ TpoTrpamMH, BHIYCK TMepmmux (axiBHiB, 0 OyiIM MiATOTOBIECHI 3a
ocBiTHROIO Tporpamoro «3HITTs AEC 3 exciuryaTamii» Moxe OyTh 3AiCHEHHH depes
4 pOKM 3 MOMEHTY TIOYaTKy OCBITHBOTO IIPOEKTY.

OpmHuM 3 BaXIUBUX (AKTOPIB, MO CTPUMY€ HOTO TOYATOK  POdIT €
BiJICYTHICTb (hiHAHCOBOTO 3a0e3TEeUCHHSI.

CreuianicTaMd  IHCTUTYTY NIPOBEJECHA MOMNEpEeNHs HiArOTOBYA [iSUTBHICTb,
TOMY pOOOTH 3i CTBOPEHHS METOJUYHOIO 3a0C3MEUYCHHS MOXYTh OYTH pO3MOYaTi
Bifpasy micis moyatky (iHaHCYBaHHS.

Cnucok JIiTepaTypHHX TiKepet

1. HIT 306.2.230-2020 3aranpHi MOMIOKEHHS OS3MEKH 3HATTS 3 eKCILTyaTamii
SEPHUX YCTaHOBOK. 3aTBepikeHOo Haka3oM JlepxkaromperymoBanHs Big 28.10.2020
Ne 440, 3apeectpoBano B MiHictepcTsi roctutii Ykpainu 30.12.2020 3a Ne 1311/35594.

2. HIT 306.2.141-2008. 3arampHi HOJIOKEHHSA OE3MEKHM ATOMHHX CTaHIIM.
3arBepmkeHo HakazoMm JlepkaToMperyiroBaHHA YkpaiHu Big 19.11.2007 Ne 162,
3apeectpoBaHo B MiHicTepcTBi roctutlii Ykpaiau 25.01.2008 3a Ne 56/14747.

3. A.B. Hocoscekuii, M.B. CasenpeB. O IIOrOTOBKE CIICIIHAJINCTOB B
00acT CHATHA C JKCIUIyaTallMM aTOMHBIX JJICKTPHUYECKHX CTaHIMH. — SlnepHa Ta
pamiariifina Oe3meka .- 2015. - Ne4(68). - C.58-63.

TRAINING OF SPECIALISTS FOR THE DECOMMISSIONING
OF NUCLEAR POWER PLANTS

Decommissioning of the first power units of Ukraine's nuclear power plants is
highly likely to begin in the period starting from 2030. In accordance with the
requirements of current regulatory documents, preparatory activities for
decommissioning must be started 4-6 years before the start of work. The training of
specialists in the decommissioning of nuclear power plants and the handling of
radioactive waste is gaining relevance. Proposals for the implementation of the
development project at NTUU "KPI named after Igor Sikorsky" of the new educational
program "NPP Decommissioning”. The available opportunities and the defined
direction of work for the implementation of this project have been revealed.

Keywords: nuclear power plant decommissioning, educational program,
qualified specialist
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EBO.JTIOLISI COPBLIMHUX BJACTUBOCTE Na/Ca BEHTOHITIB B
YMOBAX JIETPAJALI I30JISILIITHUX BAP’E€PIB TPUTIOBEPXHEBHUX
CXOBHIII PAB.

EKCIEPUMEHTAJIbHI JOCJIJPKEHHS

Hlaéanin Bopuc ', Apowenxo Kocmanmun 2

! IlepxaBHa ycTaHOBA «IHCTHTYT Te0XiMii HABKOJMITHLOTO CEPEJOBHINA
Hamionansnoi akanemii Hayk YkpaiHmy,
np. [Mamazgina, Oya. 34a, m. Kuis, 03142, Ykpaina, igns.yaroshenko@gmail.com
2 [HCTUTYT IeoNoriuHuX Hayk HamionansHoi akaneMii Hayk YKpainu,
ByI. Onecs ['onuapa, Oyn. 556, m. Kuis, 01054, Ykpaina

AHoTauis.

Y  NOBiIOMJICHHI  TPEACTABICHO  PE3yNbTaTH  EKCIEPUMEHTAIbHOIO
MOJIETFOBAHHS BIUIMBY KOHIEHTpamii ioniB Ca?' Ta iyx#oro pH MoaeasHOro po3dnny
Ha copOmiiiHy 3matHicTs npupomaHoro (I16) Tta mommdikoBanoro comoro (ITBA-20)
6enToHiTIB Uepkacskoro pogosuima mist *7Cs 1 °°Sr. Ha ocHOBI JaHMX KOMIT' FOTEPHOTO
MOJICTIOBAHHA BCTAHOBJIEHO, IO IIiCHA 30iIbIIEHHS KOHIEHTpauii ionis Ca’
(monasanus po3unny CaCl,) 3 myxHuM pH y MOJeTbHOMY pO34YHHI, IPUCYTHI HE3HAYHI
KUTbKOCTI OCa/IiB, MIEPEBaYKHO OKCHUJIIB, T1IPOKCHU/IIB, OKCUT1IPOKCH/IIB 3aji3a (TeMaTHT,
TeTUT, JIMOHIT) Ta KapOOHATiB KajJbLil0 (KaublIMT, aparoHir). OTpuMaHi 3Ha4eHHS
copOuii 1e3i0 i CTPOHIIIIO CBIIYATH PO Te, 110 HEPO3UMHHI / BAKKOPO3UNHHI CIIOIYKH
He OJIOKYIOTh MDKIIApOBY TOBEPXHIO MOHTMOPHIIOHITY (OCHOBHOTO MiHepaiy
OEHTOHITOBHX TODIJ), 8 YTBOPIOIOTHCS MEPEBAXHO Ha 0a3aibHIN MOBEPXHI, IIOTEPTUX
Kpasx 1 MOBEpXHEBHX Je(eKTax 3epeH MOHTMOPWIOHITY. KoHIeHTpamis OCHOBHUX
CTpYKTypHuX eneMeHTiB (Si, Al) B OeHTOHITaX NPAKTUYHO HE 3MIHIOETBHCS TpPHU
mineumenni pH i konmentpamii iomie Ca?' B MomenbHOMY pO3YMHI HOPIBHAHO 3
BUX1THUMH 3pa3kamu. [lel GpakT cBiMIUTH PO CTAOUIbHICTE OCHTOHITIB 3a X YMOB.
B Toif e dWac, B i0HOOOMIHHOMY KOMIUIEKCI OCHTOHITIB BHSBJICHO 30iIbIICHHS
KOHIIEHTpAIlli KaJIbIiI0 Ta 3MEHIICHHS KOHIICHTparil HaTpiro, mopiBHsHO 3 [1B. Ile
NpU3BOJUTH 10 TpaHcopmanii 6entoHiTy [IBA-20 3 Na, Ca-dpopmu B Ca, Na-popmy.
[okaszano, mo copOuis uesito Ta crpoHuito Ha [Ib mporikae Oinbil epeKTHBHO
nopiBasiHo 3 I1BA-20. PesynbpraTu mnpoBENEHHX MAOCHIIKEHb MOXYTh CIYI'yBaTh
OCHOBOIO IIPH 3aCTOCYBaHHI OCHTOHITOBOT TJTMHHU SIK KOMIIOHEHTA 130JIAIIHHOTO Oap’epy
IH)KeHEepHOTo 0ap’epy CXOBUIL pa/lioaKTHBHUX BIJIXO/IB.

KarouoBi cioBa: copOuisi, CTpOHIiH, Lie3iii, OEHTOHIT, iHXeHepHi Oap’epw,
TIPUITOBEPXHEBE CXOBHIIE PAiOAKTHBHUX BiXO/IB.

Berymn.

3aBmaHHA 3axXOpoHEHHs panmioaktuBHuX Bigxomie (PAB) B VYkpaini
BUPILIYIOTBCS HIIIXOM CTBOPEHHS CXOBHII HAI[IOHAJHHOTO MacIITady Ha KOMIUIEKCI
BupoOHHUITB (KB) «BekTop» y HopHOOMIBCEKIH 30HI BiqdyKeHHS I 3a0e3MCUCHHS
npuiiomy PAB ycix kiaciB 3 pi3HHX JoKepesd IX YTBOPEHHS 1 MiClb THMMYacOBOTO
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36epiranss. Huni Ha maiiganunkax KB «Bektop» CTBOpEHO YOTHpH CXOBHINA IS
3aXOPOHEHHSI HU3bKO- 1 CEPEeHPOAKTUBHUX 3 KOPOTKOICHYyI0UMMH paaionykitinamu (KI
HCAB), nBa 3 Hux exciuryarytotbes (II3PO «bypskiska» 1 COIICTPAB), a na (TPB
1 i TPB 2) 3HaxonmsAThcs Ha CTalil OTPUMAaHHS JIIEH3II Ha MPaBO MPOBAKCHHS
ISUTBHOCTI 3 eKCIuTyararfii. Bennki 00’eMH HAKOMMMYEHNX HU3bKOAKTUBHHX BiIXOJiB
(HAB) moTpeOyioTh HE TINMBKHA PO3MHUPEHHS (PEKOHCTPYKINI) BXKE iCHYIOUHX, a U
crBoperHs HoBHX (Konmenmis [Iporpamu PAB, 2022) cxoBum.

besrneka TakuxX CXOBHIN B MOYATKOBHH IEPIOJ 4acy IPYHTYEThCS HAa CHCTEMI
imkenepaux (CIB) ta B momamemomMy mnpHpomHUX Oap’epiB 1 BHU3HAYAETHCA 3a
Kputepismu npuidHATHOCTI PAB 1 / a0 pamioakTHBHHX pPEYOBUH, PaliOaKTHBHUX
MarepiaiiB sl KOHKPETHOTO Mai/laHYMKa CXOBHIIIA.

Opnieto 3 ocHOBHUX BHMMOr a0 MarepianiB CIb € reoxiMmiuHa CyMiCHICTH 3
TEOJIOTIYHMM  CEpelNOBHUIEM Miclb 3axopoHeHHs. HailnoeHime wiii  BuMO3i
BiJINIOBIJAIOTh TVIMHH, K KOMIIOHCHT 130JIAIIITHOI0 €KpaHy B OCHOBI CXOBHIIL.

Jlns MaiinaH4MKiB, PO3TAIIOBAHUX HA BUCOKO MPOHUKHINA MOPOJi (HAIPUKIA,
MIAaHUH TPYHT), IO XapAKTEPU3YETHCS XOPOLIOI0 APEHYIOYOI0 3AaTHICTIO, B OCHOBI
CXOBHWIIIA CTBOPIOETHCS I30JIALIMHUI €KpaH B OCHOBHOMY 3 LIEMEHTO-OCTOHY 1
MIPUPOJHOTO COPOCHTY, MEePEBAKHO OCHTOHITOBOO TIMHOIO, SIK y OUIBIIOCTI CBITOBUX
KOHIIeMi# npumoBepxHeBux cxoBuml PAB (Llla6anin, JlaBpurenko, Mitrok, 2023). 3a
CBOIMH 130JIAIHHIMH BIACTUBOCTSIMHU OCHTOHITOBI TJIMHH CYTTEBO MEPEBAXKAIOTH 1HIII
MOMINPEH] aJICOPOCHTH, TaKi K KAONIHIT, CHIIIKATHI MiHEpaid, OKCHIU ANIOMIHIIO,
OpTraHiYHi PEYOBHMHH, TiIPOKCHANATUT Ta CYIJIIMHKOBI IOPOAM, IO 3yMOBJICHO
crennikoo OyIOBH KapKacy KpPHUCTaJi4HOI I'PaTKH OCHOBHOTO HMOPOJ0YTBOPIOIOYOTO
MiHepaiy OeHTOHITIB — MOHTMOpMIIOHITY (Sellin, Leupin, 2014).

3a BICYTHOCTI MO3AIITaTHUX aBapiMHUX CHUTyaliil, pagiOHYKIITH 31 CXOBHII,
MOXYTh OyTH 3aJIy4eHi IO TPOIECIB BOAHOTO MEPEHECEHHS TUILKH TICHIS CYTTEBOL
nerpagamii CIb, siki B OCHOBHOMY CKIAJa€Thcs 3 IEMEHTOBaHMX Matpuilh PAB,
MIOIIAPOBOi [IEMEHTHOI HAJIMBHOI CyMimli, OETOHHUX Bi/CIKIB i KOHCTPYKIii B OCHOBI
cxoBuma. KoHrakt Boau 3 i3ompoBanuMu PAB Mosxe BigOyTHCS Yepe3 MOTparuisiHHS
BOJY y BUIAJKy OOBOJHEHHS MallaHYMKy (HANpHKIaJ, IPH IiT0HMi IPYHTOBHX BOJX
a0 /1 mosBi "BepxoBoKK") Yepe3 CTIHKM 1 OCHOBH Bi/ICIKiB, @ TAKOX MPH MOTPAIUISTHHI
aTMoc(epHHUX OcalliB BCepeANHY Bi/ICIKIB Uepe3 HEAOCTATHRO Te€PMETHYHE TIOKPUTTSI.

VY nporeci ekcruryartaiii (mepioj] iHCTUTYIIHHOTO KOHTPOJIIO MPUITIOBEPXHEBUX
cxopui PAB ckmanae 300 pokiB) i B moganbmioMy OCHTOHITOBI TIMHH ITiJIAFOTHCS
BIUIMBY CHJILHO JIy’KHHX CEPEJOBHIL 3 IiJBHILEHOI0 KOHLEHTpaliewo ioHis Ca’™ y
CKJIaJli KOHTaKTYI0u0i BOJIH.

MeTo10 pobOTH € JOCIiIKEHHS 3aKOHOMipHOCTel copbuii pagionykiinis '¥'Cs i
Sr Genronitamu Uepkachbkoro pOJIOBHINA B yMOBaX, IO IMITYHOTh JErpaialiio
LIEeMEHTO-0eToHHNX KommoHeHTiB CIb.

Pe3yabTaTi T2 00roBOpeHHs.

VY poboti BuKOpHcTOBYBanmm mopomku mpupomuoro (IIB) i mpomucmoBoro,
nepeBeIeHoro y HatpieBy ¢opmy comoro (ITBA-20), 6eHTOHITY YepKacbKOTO POJOBHUINA
(IT map), KoMIIIEKCHA XapaKTepH3alis IKuX npoBeneHa Hamu parinie (Shabalin et al.,
2022). 3a ckiagioM i0HOOOMIHHHX KaTioHiB 1B BiTHOCATHCS 110 JIy’)KHO3EMEJBHUX, JIE
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Oijblile IOJIOBUHM OOMIHHHX KATiOHIB CKJIAJAI0Th KaJbLii 1 MarHii, a 6earonit ITBA-
20 — /10 Ty>KHUX, 1€ OCHOBHUM KOMIIOHEHTOM OOMIHHOTO KOMIUIEKCY € KaTiOHH HaTpifo.
[lix yac oTpuMaHHsS pPe3yJbTATIB E€KCHEPUMEHTAJIBHOI'O JOCITIJKEHHS 3aCTOCOBAHO
Cy4acHI METOJM JIarHOCTHKH PEUOBHMHH (PEHTIeHIBChKY andpakromerpiro, Shimadzu
XRD-6000 diffractometer), ckaHyrody enekTpoHHY Mikpockomito (CEM) 3
eHeproaucnepciitHoro cnexrpockoriero (EJAC), ckaHytounii eneKTpOHHUI MiKpOCKOIT
JSM-6700F 3 eneproamcmepciitHoto cuctemoro JED-2300, mporpamue 3abe3neueHHS
USGS PHREEQC (PHREEQC Software, 202 1), moTeHIioMeTpito, Y, B-CIIEKTPOMETPit0
B7Cs i °Sr, y-cnextpomerp "ATOLL-1M" Ta B-cextpomerp CEB-01/70. 3a
OTPHMaHUMH JaHUMH Y, B CHEKTPOMETPii po3paxoBYBaIH 3HAYCHHS CTYMEHs cOpOIii
(S) i koedinienta mixkdazoBoro posnoairy (Kq). Ckitag MOAEITHHOTO PO3YHHY HABEICHO
y Tabm. 1.

Tabnuysa 1. Cknaj MOAENBHOTO PO3UUHY

Karionu Na* Ca** K* Fe** | Mg* Cs”
Komir., mr/am® | 31.2 16.0 33 1.0 4.8 1.0
(MouB/1) (1.36% (4x (8.46x | (1.79% | (1.98x% (7.52x%

10%) | 104 | 109 | 10% | 104 | 109
AHiOHU Cr SO4+ | HCO* | NO* Minepanizanis
Kosir., mr/mm® | 42.4 27.2 68.9 5.7 201.5
(MOTH/T) (1.19% | (2.83% | (2.38x | (1.9

10%) | 104 | 103 | 104

Jo monensHoTO po3unty goxasanu CaCl, muis 301IbIIeHHST KOHIIGHTpAIlil i0HIB
Ca®" mo 160 mr/am? (4 x 10 monb/m), 320 mMr/am? (8 x 10 monw/m), 640 mr/mm> (1.6 %
1073 Monw/m) Ta Mr/am? (2.4 X 10 MOIB/IT) BpaXOBYIOUH 3HAYHY KiIbKiCTH LIEMEHTY Ta
O6erony B mpumoBepxHeBoMy MoxynbHoMmy cxoBumi KI HCAB. Jlna orpumanHs
HeoOxinHoro 3nauenHs pH (7,4; 9,5; 11,8) BukopuctoByBamu 0,1 M po3unn NaOH.
3naueHHs pH po3unHiB Oynu B3ATi 3a €TaJOHHI.

3a ymoB 306inbmenns pH 1 kounentpauii iomis Ca’* y MonensHoMy
KOHTaKTYIOUOMY pO3YMHI 3 OCHTOHITaMH 30epiraerbcsi NpHpoAHa Mopdooris
yacTUHOK 000X OeHTOHITIB (1ani EJIC), mo migTBepaKye CTIHKICTh HOTO CTPYKTYPH.
BogHouac ckiaJ, MIDKIIAPOBOTO 10HOOOMIHHOTO KOMIUIEKCY OCHTOHITIB, IO
BU3HAYAETHCSA IEPEBAXKHO KOHTAKTYIOUMM pPIBHOBXHMM PO3UYHMHOM, 3a3HAE 3MiH.
Crocrepiraerscst 30inpmenns koHneHTpamii Ca i 3MeHIIeHHS Na B MIXKIIapOBOMY
10HOOOMIHHOMY KOMIDIEKC] MOPIBHSHO 3 BUXITHAMH OCHTOHITAMH, IIO TIOB’S3aHO 3
BuUMEBaHHM Na' 3 MiXKIIAPOBOTO IIPOCTOPY CTPYKTYPH MOHTMOPHUIIOHITY.

3a JaHUMU PEHTTeHiBChKOi mudpakToMerpii B obOmacti (001) cmektpi
crioctepiraethes HesHaunuil 3cys 3 d = 15,32 A y Buxianoro I o 15,40 A micns
KOHTAKTY 3 MOJIEJIbHMM PO34MHOM 3 KoHIeHTpamiero Ca’" — 960 mr/mm?. s BuxinHoro
IBA-20 — 3 12,56 A 5o 14,44 A. Tlicns BUTPUMKHM B 5 1i6 KOHTakTy 3 PO3YHHOM
3MIHMJIACS HAMIBIIMPHHA Ta IHTCHCUBHICTH BIIOWTKIB, 1m0 minTBeppkye nani EJIC
aHamily mpo 3MiHy CKIajxy OOMIHHHX KaTiOHiB. MMOBIDHO 1€ NOSCHIOEThCS
3aMillleHHAM OJHOBaIEeHTHUX 0OMiHHMX KaTioHis (Na*, K") na xeosanenrsi (Ca’"), mo
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BiOYBAETHCSl OJJHOYACHO 31 3MIHOIO XapaKTepy B3a€MOii YaCTHHOK MK c00OI0 B
pe3yIIbTaTi KOHTAKTY 3 MOJEIBHEM PO3YMHOM 3 HiJBHUIIEHOIO KoHieHrtpamicio Ca?’ i
cunbHONMY)HUM pH. OCTaHHE MPU3BEIIO /10 3MEHIIIEHHS BIIOPSAKOBAHOCTI B CTPYKTYPI
MOHTMOPWIOHITY 1 3MiHu nipodiiro siHii 001.

OTpuMaHi eKCIIepUMEHTAIbHI JIaHi CBiYaTh MPO Te, IO HAWIIBUIIIC COPOITis
HpOTIKae B OYATKOBUIA Hepion 9acy. dopMa KineTuaHoi KpuBoi mist 1*’Cs mokasye, mo
crymine copbuii *’Cs 3a meprmni rogmmm mpomecy 3pocrac. IloTiM TeMmm pi3ko
3HWXKYETBCSA, 1 KpUBa BUXOAWTH Ha PiBeHb MaKCHUMalbHOI copOmii. MakcuMmampHHUN
crymine copbuii *’Cs 3 po3unHIB TOCATAETHCA BKE B MEPII 4 TOMMHHM, TIPH IHOMY
3paskom IIb copGyerses 10 98,5 + 1,3 % '37Cs, a [IBA-20 — 90,0 + 1,2 %. s *°Sr
MaKCUMAaIIbHUI CTYIIHb cOpOLii focsraeThes 3a 14 ronun i cranoButs 90,5 %, a moTiM
He3HayHoO 3pocTae 10 90,5 + 1,2 %.

Cryninp cop6uii *’Cs (S, %) 3 cnabomyxuux (pH = 7,4) i ManoconboBUX
MOJIENILHUX PO34MHiB (3 KoHueHTpanieo Ca’" 1o 16 Mr/nm3) cranoBuTh Gibiie 95 - 98
+ 1,3 % s I16 i 6museko 90 + 1,3 % gus [IBA-20 (tabm. 1). OnHak pi3HUIS B
COpOUiHNX MOKAa3HWKAX HPH I[bOMY JIEKHTh B Mexkax 5 - 10 %. 3i 30utpmeHHsIM
KOHIIEHTpaniii katioHiB Ca?" (iomnoi cumm) 3 160 mo 900 mr/om?® i pH 3 7,4 mo 11,8
OJMHUIE CTyTIHB copOii 1*’Cs 6eHTOHITIB 3MeHITyeThCS 10 85 + 1,5 %, ajne 3HaueHHs
CTyIeHs copOIii 3aNIIalOTECS TOBOMI BUCOKUMU - He MeHIre Hixk 80 %. [Ipu mpomy
cryminb cop6mii I1b ma 5 - 8 % Bumuii 3a ananorivanit nokasuuk [1BA-20, axwii 3a
aHUX YMOB TpaHchopMmyeThes B Ca-popmy.

Tabmuys 2. Pesyneratm copOuii  pamiomykmiga °°Sr mpupommoro i
Mo mdikoBaHow popmamu Yepkacbkoro OEHTOHITY

Ko, Ca?", 16 160 320 640 960
Mmr/mm>
1 2 3 4 5 6
[Mpuponniii 6enrowit (ITB)
pH 7.4
S, % 980+13 | 955+12 | 928+12 ] 902+1,3 | 882+1.5%
% % % %
Ka, Mt/ 4,800 + 2,120 £ 1,280 = 0,920+ | 0,750 0,030
0,060 x 0,040 x 0,030 x 0,030x103 x 10°
103 103 103
pH 9.5
S, % 984+1,1 | 963+1,1 | 939+1,2 | 91,9+1,2 90,2+ 1,4%
% % % %
Ka, Mt/ 6,030 + 2,630 £ 1,550 = 1,130+ | 0,920+0,030
0,070 x 0,040 x 0,030 x 0,030x103 x 10°
103 103 103
pH 11.8
S, % 99.4+1,0 | 987+1,0 | 958+12 ] 93512 | 912+12%
% % % %
Kd, M/t 1,600 + 7,660 + 2,290 + 1,440 + 1,040 + 0,030
0,013 x 0,080 x 0,040 x 0,030 x x 10°
10* 103 103 103
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3axinuenns mabn. 2

I | 2 | 3 | 4 | 5 | 6
Na-monngikoBanuii 6enronit (IIFA-20)
pH 7.4
S, % 91,8+1,2 | 902+1,2 | 86,8+1,4 | 84,6+1,5 82,1+1,6%
% % % %
K, M/t 1,110+ 9,200 £ 6,600 + 5,500 £ 4,600 +
0,030 x 0,300 x 0,300 x 0,300 x 0,300 x 102
103 10? 10? 10?
pH 9.5
S, % 95,1 +1,1 | 93,712 | 91,1 +1,2 | 874+1,4 854+ 1,5%
% % % %
K, M/t 1,950 + 1,500 + 1,020 £ 7,000 £ 6,000 £
0,040 x 0,040 x 0,030 x 0,300 x 0,300 x 102
103 103 10° 10?
pH 11.8
S, % 97,1 +1,1 | 96,0=+1,1 | 934+1,2 | 909+1,3 89,0+ 1,4 %
% % % %
Ka, M/t 3,350+ 2,400 + 1,400 £ 1,000 + 8,000 +
0,050 x 0,045 x 0,040 x 0,030 x 0,300 x 102
10° 10° 10° 10°

3i 36inbiiennsam konnentparii ionis Ca*" i pH y mojensHoMy po3uuni (ioHHOT
cuIn) cTymiHb copOuii 90Sr pizko 3meHmryethest (Tabm. 2). 3HaueHHs cTyneHs copOii
11 *°Sr s 16 ma 35 - 40 % Huokyi nopiBHAHO 3 copbuicio '37Cs 32 aHAIOTIYHHX yMOB.
Juis TIBA-20 me mHokai — 50 - 60 %. Huwxay copOIiito CTpOHIIit0 TOPIBHIHO 3 Ie3ieM
MOJKHA TIOSCHUTH HH3BKOIO CEJEKTHBHICTIO O HBOI'O OEHTOHITIB, a TaKoX
KOHKYpEHIII€I0 3 iHITUMH KaTiOHaAMH, MPHUCYTHIMH Yy CKJIaAi MOAETHHOI BOIHM, Ta
B32€MOJIIE€I0 3 KapOOHAT-iOHAMH.

Tabmuys 3. Pesympratm copOmii  pamiomykmima '*’Cs mpupommoro i
MoaudikoBaHOO Gopmamu Yepkachbkoro OEHTOHITY

Komn. Ca?', mr/nm? 16 160 320 640 960
1 2 3 4 5 6
[puponniit 6enronit (I16)
pH 7.4
S, % 87,6+23 | 502+28 | 455+3,0 | 41,2+3,0 | 39,0+3,2
% % % % %
K, M/ 7,000 + 1,000 + 8,500 = 7,000 + 6,500 =
0,500 x 0,100 x 0,100 x 0,100 x 0,100 x
10? 10? 10? 10? 10?
pH 9.5
S, % 88,622 | 555+2,7 | 50,1 +2,8 | 44,7+3,0 | 42,0+3,0
% % % % %
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3axinuenns maon.

2 3 4 5 6
Ka, MI/T 7,800 + 1,250 + 1,000 + 8,000 = 7,000 +
0,500 x 0,150 x 0,100 x 1,000 x | 1,000 x 10!
10? 10? 10? 10!
pH 11.8
S, % 91,9+2,1 | 624+2,6 | 557+2,7 | 504+2.8 | 46,1+3.0
% % % % %
Ka, MII/T 1,130 + 1,700 + 1,300 + 1,000 + 8,500 +
0,060 x 0,150 x 0,100 x 0,100 x | 1,000 x 10!
10 10? 10? 10?
Na-moaudikosanwuii 6enToHiT (ITIFA-20)
pH 7.4
S, % 742+25 | 313+38 | 203+45 | 169+48 | 150+5,0
% % % % %
K, Mia/r 2,900 £ 4,500 + 2,500 + 2,000 + 2,000 +
0,200 x 0,500 x 0,500 x 0,500 x 0,500 x 10!
10? 10! 10! 10!
pH 9.5
S, % 784+25 | 35.1+3,7 | 25143 | 206+45 | 183+47
% % % % %
K, Mia/r 3,600 £ 5,500 + 3,500 + 2,500 + 2,000 +
0,250 x 0,500 x 0,500 x 0,500 x 0,500 x 10!
10? 10! 10! 10!
pH 11.8
S, % 825+24 | 399+32 | 298+3,9 | 241+45 | 213+45
% % % % %
Ko, MII/T 4,700 + 7,000 + 4,000 + 3,000 + 3,000 +
0,350 x 1,000 x 0,500 x 0,500 x 0,500 x 10!
10? 10! 10! 10!

IIpomecu copdbii Cs i Sr 3 6araTOKOMIIOHEHTHUX PO34MHiB 3 pizHumMu pH, Eh,
COIBOBMM CKJIZIOM 3aJIeKaTh Bl OCAIKEHMX HEPO3UMHHUX ab0 MaJOpO3YMHHUX
CIIOMYK Ha TIOBEPXHI OEHTOHITIB. 3a JaHUMH TIPOBEICHOTO KOMII IOTEPHOTO
monemoBanHsa (PHREEQC Software, 2021) B MoJenpHUX BOJaxX 3 JOJaBaHHIM
po3unHiB CaCl, i myxHoro pH BH3Ha4e€HO NPHCYTHICTP B HE3HAYHUX KIIBKOCTSX
ocaJiB, MEPEBAXKHO OKCHIIB, TiIPOKCHIIB, OKcurimpokcuaie Fe (remaTwt, reTur,
JIMOHIT), a TakoX KapOoHaTiB Ca (KaiubuMT, aparosir). I'igparoBani okcuau 3aiisa i
KapOOHAaTH KaJbII0 BiNIrparoTh BXIMBY pojb y mpouecax cop6buii Cs i Sr Ha
Oenronitax. CopOIisl IMX CIIOJYK € HECEIEKTUBHOIO, a 3B’S3KU - CIIAOMIMMH, HIXK Y
MOHTMOpHIIOHITY. OTprMaHi 3HaueHHs cop61ii Cs i Sr BKa3yroTh Ha Te, [0 YTBOPEHI
HEPO3YMHHI / MAalOpO3YMHHI CIONYKA Ha IIOBEPXHI OCHTOHITIB HEe OJIOKYIOTH
MDXIIapOBY OBEPXHEI0 MOHTMOPHIIOHITY, @ YTBOPIOIOTHCS MTEPEBaKHO Ha OazabHii
MTOBEPXHI, CKOJIKaX 1 Je(heKkTax MOBEpXHI MiHEpaIbHHUX 3epeH. BpaxoByroun pe3ynsratu
copbmii *°Sr 1BOMa 3paskaMu GEHTOHITIB, MOKHA TIPUITYCTHTH, Mo GeHToHIT [IBA-20
OiTpIle YUIINBHIOETBCA 3 TOAPIOHEHHSAM TOp Bi OCaPKEHHX HEPO3UYMHHHX abo
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MaJIOPO3YMHHHUX CIIOJIYK Ha TIIOBEPXHI, HDK NPUPOTHHMN 3pa3oK, W0 MOTpedye
JIOJATKOBUX JOCIIIJKEHb.

TakuM 4YHMHOM, NpEACTAaBIEHI pe3yJNbTaTH IOKa3yloTh, IO BHUCOKOJYXKHI
PO3YMHHM 3 MiJIBUILIEHOK KOHIeHTpauie ioniB Ca’” CyTTe€BO 3HMKYIOTH COpOUiliHy
3natHicTh Yepkacbkux 6eHToHITIB I1b Ta IIBA-20 mo BigHoMmIEeHHIO 10 CS 1, 0CO0JINBO,
Sr, mpuaomy I1b € Ginbin epexTuBHIM copbeHTOM, Hixk [TBA-20.

BucHoskmn.

3a pe3yJbTaTaMy IPOBEICHHUX JOCIiKEHb MOJICTIOBaHHS BIUIMBY KOHLIEHTpALil
ionis Ca®' i myxuux pH MOJENBHUX PO3UMHAX, IO IMITYIOTH JETpajalilo GETOHHO-
LEMEHTHUX KOHCTPYKLIH CHCTEM iH)KEHEpHHUX Oap’€epiB INMPUIIOBEPXHEBHX CXOBHII
PAB, na cop6buiiini Bractuocti momo *’Cs i °°Sr spaskis mpupoanoro (T1B) Tta
npomMucioBo-moaudikoBanoro conoro (ITBA-20) 6enronitiB Yepkacbkoro pogoBHIIa
MOXHa 3pOOMTH HACTYIIHI BUCHOBKH:

1. Y MoensHUX Bojiax 3i 301bIIeHHSM KOHIEeHTpari ionis CaZ* i myxHoro pH
MPUCYTHI OCaaW, MEpeBaXHO Yy BUTIAI OKCHIIB (HEPO3UMHHHUX / MaJOPO3YHUHHHX ),
TiAPOKCHUJIIB, OKCHUTIIPOKCHIIB 3aiTi3a (TeMaTUT, TETHUT, JIIMOHIT), & TAKOXK KapOOHATIB
KaJbIifo (KaJbIIUT, aparoHiT), AKi BiIIrpaloTh BXKIMBY POk y IMpoIecax copOrii Ha
OenroniTax. Taki croiayku He OJOKYIOTH MDKIIApOBY HMOBEPXHEI0 MOHTMOPWIOHITY
(ocHOBHOTO MiHepary OEHTOHITOBUX HOPiX), a YTBOPIOIOTHCS NIEpEBaXKHO HA Oa3aibHIN
TTOBEPXHI, CKOJKaX 1 AeeKTax MOBEPXHI MiHEPATbHHUX 3epPEH.

2. KoHueHTpalist roJOBHUX CTPYKTYPHHUX elleMeHTiB (Si, Al) MOHTMOPHIIOHITY
3i 30UIbLIEHHAM KOHUEHTpauii ioniB Ca>" B MosenbHOMY po3unHi i pH npakTuuHO He
3MIHIOETBCS, 11O CBIIYWTH NPO CTAOUIBHICTH CTPYKTypu OeHTOHITiB. BoaHouac B
iOHOOOMIHHOMY  MDKIIApOBOMY KOMIUIeKCi OeHTOHITIB  (ocobmmuBo I1BA-20)
30UIBIIYFOTECS KOHIEHTpalist Ca i 3MeHIIyoThest Na, 110 CBIIYHUTH MPO MEePETBOPEHHS
oenronity [IBA-20 3 Na, Ca-popmu B Ca, Na-popmy.

3. OOuzBa pi3sHOBUAN OCHTOHITIB € JOCTAaTHRO €()EeKTUBHUMH JJIS BIUTYUCHHS
137Cs 3 Bomaux pozuuHiB. [IpUCYTHICTE Y BOJHOMY CEPEIOBHILI KOHKYPYIOUHX 10HIB,
CYTTEBO HE BILIMBAc Ha copOuiiine BwtydeHns *’Cs GeHTOHITAMH. 3HAYEHHS CTYIICHS
copOii 3aMMIIaloTECS JOBOJII BUCOKUMH - HE MeHIIe Hix 85 - 90 %. [Ipu mpomy meit
noka3Huk s 116 na 5 - 8 % Bumumii 3a ananoriuauii [IBA-20.

4. s Sr ctyninb copOuii 3a aHAJIOTTYHUX YMOB Pi3KO 3MEHIIY€ThCs. 3HAUCHHS
crynens cop6buii s 90Sr ms 116 Ha 35 - 40 % nuxui nopiBasHO 3 cop6uieto *7Cs 3a
aHajoriyHuX ymoB, a jus [IBA-20 Takuii mokasHuk e Hmx4uii — Ha 50 - 60 %.
Bpaxogsyrouu pesynbratu cop6uii ’Cs i *°Sr qBoma pisHOBUIaMU GEHTOHITIB, MOKHA
HPUITyCTUTH, O OeHTOHIT [IBA-20 Giblue yIIIBHIOETHCS 3 MOJAPIOHEHHSM TOp BiJ
0Ca/DKEHUX HEPO3YMHHNX a00 MaJIOPO3YMHHHUX CIIOJIYK Ha rnoBepxHi, Hixk [1b.

5. PesynbraTd NpOBENEHHX NOCIIDKEHb MOXYTh CIYT'YBaTH OCHOBOIO IIpH
3aCcTOCYBaHHI OCHTOHITOBOI TJIMHU SIK 130JIIIIHOTO Oap’epy Ui IEBHOTO 00’ €KTA.

Crnucok JgiTepatypu

Konnermisi IIporpamum PAB : 3atB. posmopsmxernsm Kabinery MinicTpiB
VYkpainn Big 4 muct. 2022 p. Ne 992. Vpsnosuii kyp’ep. 2022.
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EVOLUTION OF SORPTION PROPERTIES OF Na/Ca BENTONITES IN THE
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Abstract

The report presents the results of an experimental modelling of the influence of
Ca?" ion concentration and the alkaline pH of a model solution on the sorption capacity
of natural (NB) and sodium-modified (SMB-20) bentonites from the Cherkasy deposit
for 17Cs and *’Sr. Based on the computer simulation data, it was found that small
amounts of sediments, mainly oxides, hydroxides, Fe oxyhydroxides (hematite, goethite,
limonite), and Ca carbonates (calcite, aragonite) were present in the model solution
with the increase in Ca’" ion concentration (after adding CaCl? solution) and alkaline
pH. The obtained Cs and Sr sorption values indicate that the insoluble / sparingly
soluble compounds do not block the interlayer surface of montmorillonite (the main
mineral of bentonite clays), but are formed mainly on the basal surface, frayed edges
and surface defects of the mineral grains of montmorillonite. The concentration of the
main structural elements (Si, Al) in the bentonites practically does not change with
increased pH and Ca’" ion concentration in the model solution compared to the initial
samples. This fact indicates the stability of the bentonites under these conditions. At the
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same time, an increase in the calcium concentration and a decrease in the sodium
concentration were found in the ion-exchange complex of the bentonites, if compared to
the NB. This results in the transformation of SMB 20 bentonite from Na, Ca form to Ca,
Na form. The Cs and Sr sorption on NB is shown to proceed more effectively than on
SMB-20. The results of this research may justify the bentonite clay application as a
component of the isolating engineered barriers of radioactive waste disposal facilities.

Keywords: sorption, strontium, cesium, bentonite, engineered barriers, near-
surface radioactive waste storage.
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