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INUDECO 2022: nincymkn podoTu

27-28 xBitTHa y CrnaBytuui mpoxonuna Croma MixHaponHa KoHdepeHIi
«IIpoGnemu BuUBeACHHS 3 eKCIUTyartalii O00’€KTIB SIEPHOI EHEPreTUKU Ta
BiJTHOBJICHHSI HABKOJMIITHROTO cepenoBuiiiay INUDECO.

168 yuacHukiB, 35 iHctuTymid 3 20 kpain cBity, 64 momoBimi, 15 roaun
Oe3nepepBHOi pOOOTH B OHJIAH — TaKa CTATUCTHMKA BaXKJIMBOTO MIKHAPOJHOTO
HayKoBOTO (opyMy, mo 3i0paB MpeICTaBHUKIB JAEpPKAaBHOIO Ta MPHUBATHOTO
CEKTOpIB, HEYPAJIOBUX Ta HAYKOBUX OpraHizalliu.

[Toxis € mopiunoro, nmpote 1nboro pazy tema INUDECO 2022 — «Bukiauku
si/IepHOI eHepreTMKH YKpaiHu y BilicbkoBuii 4yac». HaykoBa Ta mpodeciitHa
CIIJIBHOTA, a TAaKOXX MIDKHApPOJHI Opradizaiii B slepHIA cdepl mpoaHamizyBaiu
JOCBIJ] BIHHM B YKpaiHi, 3poOWJIM TepIIl BUCHOBKHM IIOJIO HACHIJKIB MPOSIBY
SJIEPHOTO TEPOPU3MY, OOTOBOPHIIM MOXKIIMBI peKkoMeHalii 3 ekcruryaramii AEC ta
IHIIMX AJIEPHUX 00’ €KTIB B yMOBaX BIIICBKOBOIO 4acy.

[opoky 26 kBiTHA nig yac INUDECO mu yci pa3zom 3ragyemo HopHOOHIIBCHKY
Karactpody, HalCTpalIHIlly aTOMHY Karactpody B iCTopi'l' JOJICTBA. AJI€ 1OTO
POKY 3aMalio IPOCTO 3rafiaTH quHO6I/IJ'IB y 2022-My pocis CTBOpHIIa HOB1 3arpo3u,
AKi MoTiu O NIepeBEPLINTH HaBITh Ty HalicTpammHimry aapito. CBoimu
TEPOPUCTUYHUMHU JISIMU, TTOB’I3aHUMU 13 0OCTPIJIOM 1 3aXBATOM SIIEPHUX 00’ €KTIB,
pocis mopyuuia Bci CBITOBI MPUHIIUIIM /1epHOi Oe3reku. Jli1 pociiichKUX OKYIIaHTIB
HUHI KJIaCU(DIKYIOThCS K 3JT0YMHU Ta SAEPHUN TEPOPU3M.

Ha xondepeniii Buctynwim — CinaByTullbkuii Micbkuii rojioBa FOpiit domiyes,
mupektop acturyTty npobnem 6e3nekun AEC HAH Ykpainun Anatomniit HocoBchkuid,
nepmnii 3actynHUK Minictpa eHepretuku IOpiii BraceHko, 3aCTyNHUK TOJIOBH
JlepxaBHOro areHTcTBa Y KpaiHu 3 ynpasiiHHs 30H0t0 Biquyxenns Makcum LlleBuyk,
panuuit MiHicTpa 3aXHCTy JOBKULIS Ta TpUPOIHUX pecypciB Jlama TapamakiHa,
Haponna nemytatka Ykpainu Onbra BacuneBcbka-Cmarirok, MpeICTaBHULIA KOMITETY
BP Vkpainu 3 nuTanb €K0JI0TI4HOI MOMITUKH Ta TPUPOAOKOpUCTyBaHHs [puHa [ 'yuiano,
HavalbHUK BiAaLTy cTpareriyHoro miuanyBaHHs JICII «HoprobOunbceka AECy JIMutpo
CrenbMax, BeTepaH aroMHOI eHepreTkd Mukoma [lTeinOepr, rojoBa CHUIKA
BETEpaHIB aTOMHOI EHEPreTHKU Ta MPOMHUCIOBOCTI YKpainu Makcum Kpemensb,
3aBiyBay Kadeapu MaTepialiB peakTopoOydyBaHHA Ta (I3MYHUX TEXHOJIOTIH
XapkiBChKOT0 HarlioHATbHOTO yHiBepcuTeTy iMeH1 B.H.Kapazina Cepriit JIutoBdyeHko,
nepimii qupektop O6’exty Yipurts Ha YAEC Banentun Kymnnuii.

Kpim Toro, motykHum OyB ronoc MikHapoaHoi cnuibHOTH, Ha INUDECO
BUCTYNWJIN — TOJOBAa CEKTOPY sIIEPHOI Oe3MeKku Ta rapantii €Bponeichbkoi Komicii
[Tackame Jlop (®panris), [Ipesugent AmepukanchKoro sjepHoro toBapuctsa CTiB
Hec6it (CILA), Bine-npe3uneHT €BpOIENHCHKOro siAepHOro ToBapuctBa KpicTian
Jlerpen (benwrist), mixHapomnuii excrnept Plejades GmbH Hopb6epr Momitop
(Himeuunna), nmupekrop YHiBepcutery Dykymima npodecop Hanba (Smonis),
eKCIepT 3 sAAepHOi eHepreTuku MopaBcbko-Cl1e3bKOro €HEpreTUYHOrO ILIEHTPY
Hami6op Martero (Yexis), npodecop Jlemoit LlliBep 3 TeXHONIOTTYHOTO YHIBEPCUTETY
Yammepca Ta Iacturyty sipepuoi dizuku Yecbkoi akagemii Hayk (Yexis), Merymi
Cyrimotro 3 VYaiBepcutery Krocto (Smownis), SAnnik Bepbenen 3 VYHiBepcureTy
Bbpucrons (Benuka bpuranis), Ixeiik Xekna ta Kaii Berrep 3 YuiBepcutery bepkoi
(CIIA), Hakaxipo Scyna, Tarcy Topi, Mapk Xenesnsik 3 YHiBepcurery OyKyimiMu

3



(Amonist), A361 bpayn 3 komnaunii SAFECAST (Hinepnanan), Irop Ilip 3 xommasii
ALPHA ATOM LLC (I3pains) To1ro.

Mopneparopu koHpepeHiii ctaiu - ApuHa CTapoBOMTOBa, TUPEKTOpPKa
AreHTCTBa perioHaabHOTO po3BUTKY M.CrnaByTtnua; Makcum CaBenbeB — CTapIIuit
HAayKOBUW CHIBPOOITHUK [HCTUTYTY mpoOiieM Oe3meKr aTOMHHX EJIEKTPOCTaHITIN
HamionanpHoi akagemii Hayk Ykpainu; lanuno JIaBpeHOB — BUKOHABYUH CEKpeTap
VYKpalHCBKOTO SIIEPHOTO TOBAPUCTBA.

3anuc poOOTH KOH(PEPEHITIT:

27 xBiTHE Ha YouTube  VkpaiHCBKOTO  SIGPHOTO  TOBapHCTBA
https://bit.ly/3SUfHZJ

28 xBiTHI Ha YouTube CnaByTuipkoi Micbkoi paam https://bit.ly/3ZnKIYw

binemme indopmarii mpo icTopiro KoH(pEpeHIlli, KOHTaKTH OpraHi3aTopiB € Ha
odimiitHoMy BeO-caiiTi www.inudeco.pro

Ilin gac pobGotm KoHpepeHiii 3aBAgKd OJarodiMHUM BHECKaM YYaCHHUKIB
316pano 17 200 rpa 1o b® YAEC. CJIABYTHUY. PO3BUTOK. JIskyeMo yciMm, XTO
noiyuuBcsi! Bei komrm OynuM  HampaBiieHl Ha TymaHiTapHi mum. JleranbHa
iH(popmanis npo Pona Ha odiuiiiHOMY BeO-caiiTi www.helpslavutych.arr.in.ua

OpranizaTopu KOH(pepeHIIli:

eBUKOHaBYMH KoMiTeT ClIaByTHUIILKOI MICBKOT paau Buiropoacekoro paiiony
KuiBcbkoi obmacTi;

eKomyHanpHe MANPUEMCTBO «ATEHTCTBO  PETIOHAIBHOTO  PO3BUTKY»
M.CrnaByTuya;

e /lep>xaBHE areHTCTBO YKpaiHM 3 YIPaBJIiHHS 30HOO BIIUYKEHHs, JlepxaBHe
crieriaizoBane mianpueMcTBo «HYopHoouinscrka AECy;

elHcTUTyT mpoOieM Oe3leKM aToOMHUX eneKkTpocTaHlii HarionansHot
akazeMii HayK YKpainu;

e YKpaiHCBhKE sJIEpHE TOBAPUCTBO

e CnaBytuiibKa Qinist HaionansHoro TexHigyHoro yHiBepcuteTy Ykpainu «KIII
imeHi1 Iropst CikopcbKoroy

eOpranizaiitHuii KoMiTeT KoH(pepeHIli IIKy€e TapTHEpaM:

eHamionanbHa akanemis HAyK YKpaiHu,

e AkajieMisl TEXHOJIOTTYHUX HayK YKpaiHu,

eHamionansuuii TeXHIYHUN yHIBepcUTET YKpainu « KuiBChbKUi MOMITEXHIYHUAN
1HCTUTYT iIMeHI [rops CikopchbKOTO»,

e Acorriallist MANPUEMCTB MPOMHUCIOBOT aBTOMAaTH3allil Y KpaiHu,

eBimokpemiiennii  miaposain JlepkaBHoro mignpueMcTtBa «HarionanpHa
aTOMHa eHeproreHepyroyda komnanisi «kEHeproarom» « ATOMpPEMOHTCEPBICY,

e[HcTUTYT pobseM MaTrematnyHuX MamvH 1 cucteM HAH VYkpainu,

eUepHIriBChKUM HAIlIOHATBHUN TEXHOJIOTIYHUN YHIBEPCUTET,

®HIII 1HCTUTYIIIT Ta TPOMAACHKI 00’ € THAHHS.

Mo 3ycrpivi y Crasyruui Ha INUDECO 23!
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PE3OJIIOLISA
VII Misxxnapoanoi koHdepenuii «IIpodsemu 3HATTA 3 eKcniryaTanii 00’ €KTiB

siIePHOI eHepreTUKM TA BiIHOBJIEHHS HABKOJIUIIIHBOIO CEPeI0BHUIIAY
INUDECO 2022

27-28 kBiTHs 2022 poky

24 mortoro 2022 pokKy pOCIHCBKiI BiichKa BTOPTIUCS B YKpaiHy. Toro x mHS
Yopuobunscrka AEC Ta 30Ha BimuyXeHHsI OyJIM 3aXOIJIEHI POCIHCEKIM arpecopOoM.
[Tiznime arpecop okymyBaB 3amnopizbky AEC, 3milicHIOBaB 0OCTpUISUTH SAEPHOT
yCTaHOBKH y XapKoBi, MICTI 3 MUIbHMOHHUM HaceineHHsM. Ham miroumvu AEC
YkpaiHu HEOJHOPA30BO OYJIO BiA3HAYEHO MPOJBOTH KPUIIATUX PAKET. 3amopi3bka
AEC 3a3Hana 00CTpiJIiB TAHKOBUMHU CHAPSIIaMHU.

Oxymnauigs Yopuoowmibebkoi Ta 3anopizekoi AEC npuszBena 10 (akTHUYHOTO
pyHHYBaHHS cHUCTeM (HI3UYHOI sJIepHOi Oe3neku 00'€KTIB; CHCTEMH aBapiiHOI
TOTOBHOCTI; BIJIMOBIAAIBHOCTI 32 SiZIEpHI 30UTKH; JI0 MOPYIIEHHS CUCTEMU OOJIIKY Ta
KOHTPOJTIO SIZICPHUX MaTepiaiiB, a 0TKe 1 peKUM HEPO3MOBCIOKEHHS SIEpHOT 30pOi.

31 OepesHst pociiichbKi OKyMaHTH MOKUHYIM TEPUTOPit0 30HU BigdykeHHsa. Ha
teputopli 3oHM BimuyxkeHHs Ta YopHoOmibcbkoi AEC poCICHKH OKYMaHTH
3JIMIITUINA TTOTPAa0OBaH1 MPUMIIIEHHS MiIPUEMCTB Ta YCTaHOB, 3HUIIEHO YHIKAbHI
HayKoOB1 Jaboparopii, morpaboBaHo o(iCHYy TEXHIKY, MOTPOIIEHO JabopaTopHE i
BUMIpIOBaJIbHE 00JIaJHAHHS, aBTOMOO1JIbHA CIeliaJIbHa TEXHIKA TOIIO.

3anopizbka AEC 1 micto Enepromap J0cCi 3aXOIUIeHI Ta KOHTPOJIIOIOTHCS
pOCIMCbKUMH BICHKOBUMH. CTBOPEHO HENPUITYCTHMI ICHXOJIOTIYHI YMOBHU IS
JISJIBHOCT1 TIEPCOHAITY, IO MIATpUMY€E O€3MEeKy SIAEPHUX YCTAHOBOK, ICHY€ MpsMa
3arpo3a XKHUTTIO TIEPCOHATTY.

AKTH JIepHOTO TEpPOpU3MY 3IIMCHEHI HE JHIIe BINCHKOBUMH, a W
BHUCOKOIIOCTaBJICHUMH  CIIELIAJICTAMA Ta KEPIBHUKAMHU SIJEPHOI E€HEPreTHKU
nepxkau-arpecopa. Jlii aepxaBu-arpecopa, Oe33MmiHHoro usieHa Pagu Oe3neku
OOH, 3acaoBanka OOH ta MAT'ATE moxe OyTu kinacu(pikoBaHO HE 1HAKIIIE, SIK
AICPHUN TEPOPHU3M.

VYyacHuku KoH(]epeHIii KOHCTaTyloTh, 1o B mik curyamii aii MAT'ATE
BUSIBUJIHCST a0COTIOTHO HEIOCTATHIMU IIOJ0 CUTYaIlli, 0 CKianxacs. MiKHapoaHe
areHTCTBO 3 aTOMHOI eHeprii Ouibllle IBOX MICALIB BiJ MOYATKy arpecii He
HABAXXYETHCS 3asIBUTH NPO TIIOOANIbHY 3arpo3y sJAepHiil Oesmeli, npo MOopyuIeHHs
peXUMY HEPO3MOBCIOKEHHS A/1epHOi 30poi, 1 HABITh HE BU3HAYMIIO JIii Aep’KaBU —
arpecopa aktamu siiepHoro tepopusmy. MAI'ATE, sk onna 3 nanok cuctemu OOH,
MOpPYILWJIa BJIACHUM CTATyT, HE 3axajana ckiukanHsa Pagu 6esneku OOH y 3B's3ky
31 CKOEHUMHU aKTaMH  SJIEPHOTO  TEpPOpU3MY Ta  3arpo3ol0  PEXKUMY
HEPO3IMOBCIOIXKEHHS SIZIEPHOI 30pOi.

He menm ctpumanoro Oyia i MOBEMIHKA IHIIAX MIKHAPOJIHUX OpraHi3arlii,
MOB'SI3aHUX 3 BUKOPHUCTAHHSAM SIEPHOI €HEprii B MHUPHUX MUIAX: ATEHTCTBA 3
spepuoi  eHeprii  (OECD/NEA), BcecBitHboi acomiarii  opraHizamii, sKi
eKCIUTyaTytoTh aToMHi enektpoctaniii (WANO), BeecBiTHbOi simepHOi acomiarii
(WNA), Acomiarris perymntorounx opratiB 3aximnoi €sporu (WENRA) Ta iH.
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VYyacHuku KOH(EPEHIIiT BBAXKAIOTh, 110 oaainbiina oe3aisasHicTh MAT'ATE, a
TaKOXX 1HIIMX MDKHAPOJIHUX OpTraHi3alliil, 10 MpeaCTaBIsAI0Th 1HTEpEeCH SACPHOL
€HEPreTUKH € MPUXOBAHOIO MIATPUMKOIO O€3MEPEPBHUX AKTIB SACPHOTO TEPOPUZMY
Ta CTAHOBJIATH MPSIMY 3arpo3y MalOyTHROMY SIIEPHOT €eHEPTETHKH.

VYyacHuku koHGepeHIlli 3a3HayaloTh, [0 TEPOPUCTUYHI il JEpKaBU —
arpecopa 1 BilicbKkoOBI 1ii B €Bpori, Ae 10Tk 01au3bko 200 6mokiB AEC, HecyTh
IpsIMy 3arpo3y Ba)XKUX SJIEPHUX aBapid 3 yciMa HACIIKAMH JJI )KUTTS 1 3J0POB's
HACEJICHHS, HAaBKOJIMIITHFOTO MPUPOIHOTO CEPETOBUIIIA.

Curyartisi, 1m0 CKJIAJA€ThCS, MOXE TAaKOX BIUIMHYTH Ha TEPCIEKTHBH
BUKOPUCTAHHS SIEPHOI €Heprii B MUpHHUX IIAX, ockiibku AEC Ta iHmI simepHi
00'€KTH MHPHOTO TPHU3HAUEHHS HE MOXYTh NPOTHUCTOSATH HABMHCHOMY a0o
HEHaBMUCHOMY BIUIMBY Cy4acHOi BIHCBKOBO1 30poi.

Kondepentiist BBaxae, 1110 B ymoBax BiiiHU (0oiioBoro BIuinBy) Oe3neka AEC
He MOKe OyTH 3a0e3IeueHa, a HaCJ1JJKU TaKOTO BIUITMBY Ha KUTTS Ta 3JJ0POB's J0 1€
Ta CTaH HaBKOJIMIIIHBOT'O IPUPOJIHOTO CEPEIOBUIIIA MOKYTh OYTH KaTacTpopiYHUMHU
y MaciTadax KOHTUHEHTIB, a HE OKPEMHX KpaiH.

Kondepeniiis 3a3Hauae, 1mo B yMmoBax BiitHu (6ooBux i) AEC He BiamnoBinae
Ta HE MOXXE BIAMOBIIATA YMOBaM Ta MeXaMm Oe3lekd, siki OOrpyHTOBaHI y 3BITax 3
aHaJtizy Oe3leKku, Ha IMiJICTaBl SIKUX BUJIAHO JIIIEH311 Ha iX ekciutyartailito. e o3nauae,
mo AEC, ki 3HaX0AsThCsl Ha TEPUTOPIi OOMOBUX M1l a00 MOTEHIIMHUX OOHOBUX 1M
3HAXOMAThCS TI032 TMPABOBUMH paMKaMH, IO PETYJIOIOTHCS MIKHAPOIHUMHU
KOHBEHIISIMH (YyroJlaMHM), a OT)K€ MOXKHa MpSIMO 3asBJSATH, IO B PE3yJbTari Al
JepKaBU-arpecopa, Mi>KHapOJHUIA PEKUM sJIEPHOT O€3MEKN ChbOTO/IHI HE JIIE.

Kondepenuiss mnpoxoautb y MicTi-cynyTHUKY YopHoOunbscbkoi AEC -
CnaByTu4, SIKMi1 BHACTIJOK JI1d pOCIMCHKUX OKYIAHTIB OyB MOBHICTIO 130JbOBaHUI
B1Jl CAMOI'0 MOYATKY BiiICEKOBOIO BTOPIHEHHS, IEPEKUB TYMaHITapHy KatacTpody,
Ha NEBHUW Yac OMUHHUBCS MijJ pociiickkoro okynamier. 03 kBiTHA 30poiiHi cuin
VYkpainu yBiinum 1o CnaBytuya.

Kondepenmiss mpoxoauts y CnaBytudi 3 2016 poky B paMkax 3axojiiB 0
poxoBuH aBapii Ha HopHoOmIbchkii AEC. YV 2022 porti 168 ygacHUKIB 3 O1JIbIIIE HIXK
20 xpain (30kpema, Ykpaiau, €Bpornericbkoro Coro3y, Benukoi bpuranii, CIIA,
Snonii, [3paimto Ta iH111). YUacHUKN KOHPEPEHITIT — MpecCTaBHUKAM 35 THCTUTYIIIH
3 JIEpP’)KaBHOTO Ta TPHBATHOTO CEKTOPIB, HEYPSJIOBUX Ta HAYKOBUX OpTaHi3aIlii
npeacTaBwin 64 10noBiai Ta mpoBenu 15 roaun 6e3nepepBHOT pOOOTH B OHJIAMHI.

Bin Ykpainu y po6oTi kKOH(epeHLiT B3IM y4acTh NpeAcTaBHUKU MiHicTepcTBa
€HEepreTUKH Ta BYT'UTbHOI IPOMHUCIIOBOCTI Y Kpainu, MiHICTepcTBa 3aXUCTy JOBKIUIS Ta
MPUPOAHUX PecypciB YKpaiHu, Jlep:KaBHOro areHTCTBa YKpaiHH 3 YIPaBIIHHS 30HOIO
BiuykeHHs, JCII «HopuoOunbceka AECy, IHctutyTy mpoOsiem Oe3nekd aTOMHUX
enekTpocTaHiii HarioHanbHo1 akanemii Hayk Ykpainu, komitery BepxoBHoi Pamu
VYkpaiHu 3 NUTaHb €KOJIOTIYHOI MOJITUKH Ta MPUPOJAOKOPUCTYBAHHS, YKPaiHCHKOTO
SIEpPHOTO TOBaprCTBa, HarionamsHOTO TexHiuHOTO YHIBepcuTery Ykpaiau «KIII imeni
Iropst Cikopcekoro», Axanemii TexHojoriunux Hayk Ykpaiau, BIT I «HAEK
«Eneproarom» «AToMpeMOHTCEpBiCY», [HCTUTYTY MpoOIeM MaTeMaTUYHUX MAIIiH i
cucrem HAH Vkpaiau, YepHIriBChbKOro HaIliOHAIHPHOTO TEXHOJIOTTYHOTO YHIBEPCHUTETY,
XapKiBCHKOT0 HallloHANbHOro yHiBepcutety imeHi B.H.Kapasina ta ixmii.
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Y poGoTi koHbepeHIi B3SIM y4acTh TNPEICTABHUKKA 1HO3EMHHUX Ta
MDKHapoJHUX opranizailii: CekTopy sifepHoi Oe3neku Ta rapanTid €BponeichKoi
KOMicCii, AMEpPUKAHCHKOTIO SJAEPHOTO TOBAPHUCTBA, E€BPONMEUCHKOTO SAEPHOTO
TOBapuCTBa, YHiBepcurery DykymimMa (Snonis), YuiBepcurery Krocto (Smnonis),
Plejades GmbH (Himeuuuna), YuiBepcurery bepxii (CHIA), TexHOJIOTr14HOTO
yHiBepcuteTy Yanmepca (Yexis), [actutyTy snepHoi di3uku Yechbkoi akaaeMii Hayk
(Yexis) Ta 1HIIII.

YyacHuku KoH(EpeHIlii mepekoHaHi, 1o HayKoBa Ta nmpodeciiiia CriapHoTa, a
TaKOXK MIKHAPOIHI OpraHizarlii B sepHii cepi MaroTh JOCTATHHO MOTYKHHM TOJIOC
abu 3MyCUTH HAKJIACTH KOHKPETHI CAaHKII1 B aTOMHOMY CEKTOpi Ha KpaiHy, BifichKka
AKO1 OOCTPUITIOIOTH Ta 3aXOILTIOIOTH SAEPHI 00’ €KTH THIITUX KPAaiH.

3Bakarouu Ha 3arpo3y Oesmeri 00'€KTaM MHUPHOTO BUKOPHUCTAHHS SJIEPHOI
€Heprii B MHUPHUX IUISX, 10 CKJAJUCAd BHACHIAOK il arpecopa, JepXKaBU —
AJIEpPHOTO TepopucTa MpoTH YKpainu yyacHuku KoHpepenuii INUDECO 2022:

1. 3aknukarote MAT'ATE Ta iH111 CBITOBI MI>KHAPOAHI HAYKOB1 Ta MTPOMHUCIIOBI
oprasizaiiii, o MpaorTh Yy epHii cdepi, BU3HATH, IO BIMCHKOBI i1 Pociiickkoi
®eneparii, posnouati 24 mrororo 2022 poky 3 BIUIMBOM Ha O€3MEKy SACPHUX
00’exTiB B YKpaiHi, 3aBIalOTh IIKOIW SIACpHIA Oe3melll, € HE3aKOHHUMH Ta
a0COIOTHO HEMPUUHITHUMU.

2. 3aknmukatoth  MAT'ATE Ta iHmi MDKHapoAHI HAyKOBI Ta MPOMMCIIOBI
opraHizaiii B siiepHid raimy3i BU3HATU BIMCHKOBI 11i P® mono saepHux o0’ €KTiB
VYKpaiHu BUNAAKOM SIAEPHOTO TepopusMy; Bu3HaTH P® nepxkaBoro 3 sAIEpHOIO
30poe€to; oOMexkutu noctyn P® 10 HOBITHIX SIEPHUX TEXHOJIOTIH; IMOBHICTIO
npunuHUTH criBnpauio 3 PO y saepniit chepi; Bukimountu PO, a Takox ycix
npeacTaBHUKIB PD, 3 opratiB ynpaBiiiHHS.

3. BumararoTh BXHUTH BCiX MOXJIMBHX 3aXOMIB JJIS NMPUIUHEHHS SIECPHOTO
Tepopusmy P®, BuBoay ii BiiickkoBuX ¢opmyBanb 3 Teputopii 3AEC Ta
BCTAHOBJICHHS JIEMIJTITApU30BAHUX 30H HABKOJIO ycCiX ykpaincbkux AEC.

4. Hanonsiratoth, 100 reHepanbHuil qupektop 1 Pama kepyrounx MAI'ATE
BUKOHAaJH, mojoxxkeHHs crateit 111, B.4. Ta XII.C. Cratyty AreHTcTBAa 1 3a%Ka a1 Bij
arpecopa HeralHOTO YCYHEHHS BCiX BUIMAJIKiB HEIOTPUMAaHHS BUMOT MIKHAPOTHUX
KOHBEHIIIH Ta yroJ y 4acTHHI (Pi3UYHOTO 3aXUCTY SIIEPHOTO MaTepiary, OBl IOMIIA
npo 1 (akTtu BciM uieHaM AreHTCTBa, a Tako Pami besmeku Ta I'enepanbHiit
Acamb6iei Opranizamii O6'eqnanux Hartiid.

5. 3BepTaroThCa JO0 MIXKHAPOJAHMX OpraHi3ailiil, MoB's3aHUX 3 BUKOPUCTAHHSIM
AJIEpHOI €Heprii B MUPHUX LUIAX Ta siaepHoi 0e3neku (Euroatom, WENRA, WANO,
ICRP, OECD/NEA, ENSREG, a Takox HalllOHaJJbHUM OpraHaMm sIIGpHOTO
pEryJoBaHHs Ta €KCIUTyaTylOuMM OpraHi3allisiM) pillyde 3aCyAuTH i Jep>KaBu —
SAJIEPHOTO TEPOPHUCTA Ta BUMHUTH THCK HAa HOTO CTPYKTYpPH 3 METOIO HETalHOIO
NPUNMHEHHS. aKTIB SIIGPHOTO TEPOPU3MY, SIKI HECYyTh NpsMy 3arpo3y Oesmer
SAIEPHUX YCTAHOBOK Ta MEPCIIEKTUB PO3BUTKY SJAEPHOI CHEPTETHKHU.

6. [IponoHyI0Th OpraHaM SACPHOTO PETYJIOBAHHS Ta EKCIUIYyaTyIOuuM
OopraHizaiissM IIPOBECTH KOHCYJNbTAIlli 3 METOK BHPOOJICHHSI KOHKPETHHX
MPOTIO3UIN IOJI0 3aXOAIB 3amoOIiraHHs JEPKAaBHOMY SIICPHOMY TEpPOPU3MY, a
TaK0X BUKJIIOYEHHS 3arpO3M HaBMHCHOTO a00 HEHaBMHCHOTO 3aCTOCYBaHHs 30poi
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MPOTH SAEPHUX YCTAHOBOK, MPU3HAYCHUX JIJIT BAKOPUCTAHHS B MUPHHX IUIIX. MU
TOTOBI MIPUUHSTH Ha ceOe OpraHi3allifo Ta KOOPIUHAIIFO BIIMOBIIHUX KOHCYIbTAIIIN.

7.3BepTaloThcsd  JO CBITOBOI TOJITHYHOI Ta HAYKOBOi CIHUIBHOTH Ta
BIJIMOBIAHUX HAyKOBHUX (piHAHCOBUX (POHJIB 3 MPOXaHHSAM HaJAATH MIDKHAPOIHY
TEXHIYHY Ta ()IHAHCOBY JIOTIOMOTY Ta MIATPUMKY COJIIAPHOCTI JJISI BIJIIITKO Ty BaHHSI
30MTKIB, 3aBJaHUX 1 3aJUIIEHUX arpecopoM, BKIIOYAIOUHW PEMOHT abo 3aMiHy
1HPpaCTPpyKTypH, a TAaKOXK BITHOBJICHHsI OyaiBeNb, JabopaTopii, opicu Ta TEXHIUYHE
oOnagHaHHS, HEOOXITHE JJIA BITHOBJICHHS sIEpHOI O€3MeKu SACpHUX OO0'€KTIB Ta
paaiaIiiHOTO 3aXUCTY B 30HI BIIYKEHHS.

8. [IporoHyIOTh CTBOPUTH HAITIOHAIBHUA KOOPAWHAIIIWHUN KOMITET 3
KepiBHULTBOM Ha piBHI Kabinery MiHicTpiB YkpaiHu 3a yd4acTIO BIJIIOBIIHUX
OpraHiB BJIaJld 3 METOI PO3POOJICHHS KOMIUIEKCHOIO IUIaHY MEPIIOYEPTOBUX
3aXO0/I1B 3 YCiX HAMPSIMKIB AiSTTbHOCTI MO BITHOBJICHHIO PEXKUMY O€3IEKH Ha SIACPHUX
o0'ekTax YKpaiHU Ta HETalHOrO MOro BIPOBAJKEHHS IS JIIKBiAaIli 30UTKIB BiJl
BIMCHKOBUX JIii.

9. 3BepTaroThbcs 10 MIKHAPOIHOI CIUIBHOTH Ta CBITOBOI T'POMaACBKOCTI 13
MIPOXaHHSAM BHUAICHHS TEXHIYHOI Ta (PiHAHCOBOI JOMOMOTH JJIs BIJHOBJICHHS Ta
PEMOHTY 1HGPACTPYKTYpH Ta Mepeaadl TEXHIYHOTO 0O0JaHAHHS, HEOOXITHUX IS
BITHOBJICHHS O€3MEKHU SIICPHUX 00'EKTIB.

10. ITporoHy0Th TPOJOBXKUTH Ta MOCHIUTH poib Micta CrnaByThya SK
HayKOBO-TEXHIYHOTO KJIACTEPY 3 IMPOBEACHHS HAYKOBO JOCITIAHUIBKUX POOIT Ha
YopuoOunbscbkit AEC, 00’ekti "YkpuTTsa" Ta 30H1 BiAUYKEHHS 32 y4acTl ycCiX
3alliKaBJICHUX CTOPIH, y T.4. HAYKOBUX IHCTUTYIH, OpraHiB MICLEBOi Ta
perioHaabHO1 BJIa I, CIIEHIaII30BaHUX MIMPUEMCTB, BULIUX HABUAJIBHUX 3aKJIa1B.

11. 3BepraroThcs 13 MpoXaHHAM 10 Ypsay YKpaiHu Ta KpaiH-apTHEPIB MPO
BUJIJIEHHSI TEXHIYHOI Ta (PIHAHCOBOI JOMOMOIHM JJis CTBOPEHHSI Ta BIJHOBIICHHSA
BTPAu€HOI BHAC/IJIOK BIMHM JIOTICTUKHM IUJISXOM 3alpOBaJKEHHS BOJHOTO Ta
Ha3eMHOI'0 CITOJIYYEHHS MICTa 3 KJIIOUOBHUMH y HOTO >KHUTTEMISIILHOCTI JIOKAIISIMH
CnaByTtud — YopHoOuib — Kuis.

12. 3aknMKalOTh yCIX, KOTO I1I€ CTOCYEThCSA, 3a0€3MEeUUTH BUCBITICHHS
MpoOJeMHUX TUTaHb, MOPYIIEHWX Ha KoH(pepeHIli, Ha CTOpIHKAaX HAYKOBO-
MPaKTUYHUX JKypHAJB, a TaKOXX OIPIIIOJHECHHS MartepiaiiB KoHpepeHmii Ta ii
piteHs y 3aco0ax MacoBoi iH(popMarrii.

VYyacHuku KOH(pEPEHIIiT BUCTOBIIOIOTH MOJISKY OpraHi3aTopaM 3a IPOBEICHHS
il Ha BUCOKOMY HAyKOBOTEXHIYHOMY PiBHI Ta pEKOMEHyBaIM HAITPABUTH 3BEPHCHHS
Ta pimeHHs koHgepenuii 1o BepxoBHoi Panu VYkpainu, Kabinetry MiHicTpiB
VYkpainu, Apaminictpanii Ilpesugenta Ykpainu, MiHicTepcTBa €HEPreTUKH Ta
BYT'UIbHOI TPOMMCIIOBOCTI YKpaiHu, MiHICTepCTBA 3aXUCTY JOBKULISA Ta MPUPOIHUX
pecypciB  Ykpainu, Jlep>kaBHO1 1HCIEKII SAEPHOTO pEryJlOBaHHS YKpaiHw,
HamionanpHoi akagemii Hayk Ykpainu, MAT'ATE, noconsctBa G7 B Ykpaini, 3MI
Ta 1HITUM OpPTaHI3aIlisiM Ta YCTaHOBAM.

[IpunitHsATo

28.04.2022



BIAKPUTE 3BEPHEHHSA

yuyacHukiB VII MixHapoaHoi koHdepeHiii «IIpodiemMu 3HATTS 3 eKCILTyaTartii
00'€KTIB AIEPHOT CHEPTETHKH Ta BiTHOBJICHHS HABKOJIHIIHHOTO CEPEIOBHIIAY
INUDECO 2022

27-28 kBiTHs 2022 poky, M. CllaByTHY

24 mortoro 2022 poKy pOCIHCBKiI BiichKa BTOPTIUCS B YKpainy. Toro x mHs
Yopuobunscbka AEC Ta 30Ha B9y KeHHS OyJIH 3aXOIIIEHI pOCIHCHKUM arpecopoM.
[Tiznime arpecop okymnyBaB 3amnopizbky AEC, 3miiicHIOBaB OOCTpUISUIM SIIEPHOI
yCTaHOBKM y XapKoBi, MICTI 3 MUIbHMOHHUM HaceineHHsaM. Hax miroummu AEC
YkpaiHu HEOJHOPA30BO OYJIO BiA3HAYEHO MPOJHOTH KPUIIATUX PAKET. 3amopi3bka
AEC 3a3Hasia 00CTp11iB TAHKOBUMH CHAPSAIAMHU.

Oxkymnaris Yopuoomibebkoi Ta 3anopizpkoi AEC mpuszBena 10 ¢hakTHUHOTO
pyiiHyBaHHs cucTteM (Pi3uyHOI siAepHOi Oe3neku 00'€KTIB; CUCTEMH aBapiiiHOi
TOTOBHOCTI; BIJIMOBIAAIBHOCTI 32 SiZIEpHI 30UTKH; JI0 MOPYIIEHHS CUCTEMU OOJIIKY Ta
KOHTPOJIIO SIIGPHUX MaTrepiajiiB, a OTXKE 1 PEKUMY HEPO3MOBCIOKEHHS SEPHOI
30poi. Byno cTBOpeHO HENmpUIYCTHMI TICUXOJIOTIYHI YMOBH JUISl JISITBHOCTI
MEepCOoHaNy, M0 MATpUMYE O€3IeKy SJIEPHUX YCTaHOBOK Ta MpPsIMYy 3arposy ix
xutTio. i1 nepxaBu-arpecopa, Oe33MiHHoro wieHa Pamm Oe3neku OOH,
3acHoBHMKAa OOH ta MAT'ATE moxe OyTu kinacu(ikoBaHO HE 1HAKIIIE, K SIACPHUN
TEPOPHU3M.

AKTH SI€pHOTO TEPOPU3MY 3/11MCHEH] HE JIUIIEe BINCHKOBUMHU, a i (haxiBLUAMH,
CreliajlicTaMu Ta KepPIBHUKaAMU sJIEPHOT EHEPreTUKH JIepKaBU-arpecopa.

Koudepenuiss koncrarye, mo B wii curyaumii aii MATI'ATE BusiBuiucs
aOCOJIIOTHO HEJOCTAaTHIMHU BIJIHOCHO CHUTYyalli, 00 ckianaca. MibKHapoaHe
areHTCTBO 3 AaTOMHOI eHeprii OuIbIle JBOX MICAIIB BIJ IMOYaTKy arpecii He
HABAXYETHCS 3asBUTH MPO TIIOOAbHY 3arpo3y sAepHiil Oesmeli, mpo MOpyIIeHHS
pPEXKUMY HEPO3MOBCIOHKEHHS /1epHOi 30poi, 1 HaBITh HE BU3HAYMIIO il Jep>KaBH —
arpecopa aktamu siiepHoro tepopusmy. MAT'ATE, sik ogHa 3 nanok cucremu OOH,
MOPYIIWIA BIIACHUM CTAaTyT, HE 3akajaia ckiaukannas Pagu 6e3nekun OOH y 3B's13ky
31 CKOEHUMH aKTaMU  SJIEPHOTO  TEPOPU3MY Ta  3arpo30l0  PEXUMY
HEPO3IMOBCIOIKEHHS SIZICPHOI 30pOi.

He MeHm ctpumaHoro Oyna ¥ MOBEIIHKA 1HIIUX MIXKHAPOJIHUX OpraHizarlii,
MOB'SI3aHUX 3 BUKOPHCTAHHAM SIICPHOI €HEPrii B MHPHUX MUIAX: ATEHTCTBA 3
sanepuoi  eHeprii  (OECD/NEA), BcecBiTHbOi acomialii opranizaiii, ski
ekcIuryaryroTh aToMHi enektpoctaniii (WANO), BeecBiTHBOI siiepHOi acoriartii
(WNA), Acomiartis perymnrorounx opraniB 3axigHoi €sporu (WENRA) Ta in.

Kondepentiis BBaxae, 110 nojaisina 6e3aispHicT MAT'ATE, a Takox 1HIIMX
MDKHApOJIHUX OpraHi3aiiil, 1Mo MPeACTaBISIOTh 1HTEPECH SAEPHOI CHEPTeTUKH €
MIPUXOBAHOIO MIATPUMKOIO O€3MepEePBHUX AKTIB AASPHOTO TEPOPU3MY Ta CTAHOBIISATH
psMY 3arpo3y MaiOyTHhOMY SIZICPHOI €HEPTETUKH.

Kondepeniiis 3a3Havae, 1Mo TEPOPUCTHYHI JIii IepKaBu — arpecopa i BINChKOBI
nii B €Bpori, ne aitoTh 6mmu3bko 200 6mokiB AEC, HecyTh npsiMy 3arpo3y BaXKuX
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SAIepHUX aBapidi 3 yciMa HACHIAKAMU IS JKATTS 1 370pOB'S HACEJICHHS,
HABKOJIMIITHBOTO MPUPOAHOrO cepefoBuina. CuTyallis, 10 CKJIAJAA€ThCS, MOXKE
TaKO BIUIMHYTH Ha NMEPCIEKTUBH BUKOPUCTAHHS SJIEPHOI €HEeprii B MUPHUX IIJISX,
ockibku AEC Ta iHmI sigepHi 00'€KTH MUPHOTO MPU3HAYEHHS HE MOXKYTh
IPOTUCTOSITH HABMUCHOMY a00 HEHAaBMHCHOMY BIUIMBY Cy4acHOi BIHCHKOBOi 30poi.

Kondepeniist BBaxkae, 110 B yMoBax BiiiHU (OoiioBoro BmiuBy) Oe3nexka AEC
HEe MOe OyTH 3a0e31eueHa, a HacliJIKK TaKOTro BIUTMBY Ha KUTTS Ta 3J0POB's JIIOIei
Ta CTaH HaBKOJIMIITHBOTO IPUPOTHOTO CEPEIOBHINA MOXKYTh OyTH KaTacTpo)iaHUMHI
y MacmTabax KOHTHHEHTIB, a HE OKPEMHX KpaiH.

Kondepeniist 3a3navae, mo B ymoBax Biitau (60oroBux aiit) AEC He BignoBigae
Ta HE MOXE BIJMOBIJIATM YMOBAM Ta MEKaM Oe3MeKH, Kl OOTpYHTOBaH1 y 3BITax 3
aHami3y Oe3meKd, Ha IIJICTaBl SKHUX BHAAHO JIIEH311 Ha iX ekciuryararito. Lle
o3Hauae, mo AEC, siki 3HaXOIAThCSl HA TEPUTOPIi OOMOBUX A1l a00 MOTEHIIMHUX
OOMOBHUX il 3HAXOMATHCS 11032 MPABOBUMH paMKaMH, IO PETYJIIOIOTHCS
MDKHApPOJIHUMH KOHBEHIISIMUA (YyroJamu), a OTKE€ MO)KHA MPSMO 3asBIISITH, 110 B
pe3yiabTaTi A1l Aep:KaBU-arpecopa, MbKHAPOIHUN PEXKUM s/IepHOT O€3MeKH ChOTO/IHI
HE JII€.

3BakalouM Ha 3arposy Oesmeri 00'eKTaM MUPHOTO BUKOPUCTaHHS SAEPHOI
eHeprii B MUpPHUX LUIAX, [0 CKJIAJIWCA BHACIIJOK il arpecopa, JE€pX aBU —
AJIEPHOTO TEPOPUCTA MPOTH YKPATHU YUYACHUKHU KOH(PEPEHIIII:

1. Hanmonsiratots, o6 revepanbuuii aupektop 1 Pana ynpasnstounx MAI'ATE
BUKOHaIH, nojoxxeHHd crateit 11, B.4. ta XII.C. Ctatyty AreHtcTsa i 3aKaaaiu Bij
arpecopa HeraHOro yCyHEHHs BCIX BUMAJKIB HEJIOTPUMAHHS BUMOT MIKHAPOJIHUX
KOHBEHIII} Ta yroJ1 y 4aCTHH1 (PI3MYHOTO0 3aXKCTY SACPHOTr0 MaTepialy, MOBIIOMUIH
npo 11 (akTu BCiM ujieHaM ATeHTCTBa, a Takok Paai besneku ta I'eHepanbHiii
Acamb6uei Opranizanii O6'eqnanux Harriid.

2. 3BepTaroThCs 10 MDKHApOAHUX OpraHi3alliid, NOB'S3aHUX 3 BUKOPUCTAHHIM
AJIEpHOI eHeprii B MUPHUX UIAX Ta siaepHoi 6e3neku (Euroatom, WENRA, WANO,
ICRP, OECD/NEA, ENSREG, a Takox HaIllOHaJbHUM OpraHaM sJICpHOTO
PETYJIIOBaHHS Ta €KCIUIYyaTyIOUMM OpraHi3allisM pilrydye 3acyIuTd Mii Jep>KaBu —
SJIEPHOTO TEPOPHUCTA Ta BUYMHUTH THUCK HA MOTO CTPYKTYpHU 3 METOIO HEraifHOTro
MPUNIMHEHHST aKTIB SJACPHOTO TEPOPU3MY, SKI HECYyTh MpsMy 3arposy Oesmerri
SJIEPHUX YCTAHOBOK Ta MEPCIIEKTUB PO3BUTKY SJEPHOI EHEPTETUKH.

3. [IpomoHy10Th OpraHaM SACPHOTO PETYJIOBAHHS Ta EKCIUTYyaTyOuuM
OpraHi3aiisiM TMPOBECTH KOHCYJbTAIlli 3 METOK BHUPOOJEHHS KOHKPETHHUX
MPOMO3UIIIN MO0 3aXO0JiB 3aro0iraHHs JEP)KaBHOMY SJIEPHOMY TEpPOPHU3MY, a
TaKO)X BHKJIFOUCHHS 3arpO3d HAaBMHUCHOTO a00 HEHaBMHCHOTO 3aCTOCYBaHHS 30poi
MIPOTH SACPHUX YCTAHOBOK, MPU3HAYCHUX JIJIT BUKOPUCTAHHS B MUPHUX IUIIX. MH
TOTOBI MPUUHSTH Ha ceOe OpraHi3alliio Ta KOOPAUHAIIIFO BIIMOBIIHUX KOHCYIbTaIIIN.

[IpuitHsaTO

28.04.2022
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ADVANCED 3D CONTAMINATION MAPPING IN THE AFTERMATH
OF THE RUSSIAN INVASION OF CHORNOBYL

Jake Hecla!, Kalie Knecht', Kai Vetter'?, Andrew Haefner’, Ryan Paviovsky’

"Department of Nuclear Engineering, University of California Berkeley,
Berkeley, CA 94720, USA
2Applied Nuclear Physics, Lawrence Berkeley National Laboratory,
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Abstract: The Russian invasion of Chornobyl has generated wide-ranging
radiological problems and introduced myriad hazards to the Exclusion Zone. Surveys
of the changed radiological environment will require novel techniques due to the
combined radiation and explosive hazards now present at the site. Detector platforms
developed at Lawrence Berkeley National Lab (LBNL) which use a 3D radiation
mapping technique known as “scene data fusion” (SDF) may provide a means of
rapidly creating surveys without risk to personnel. These advanced radiation sensing
platforms employ sensor fusion methods which integrate LIDAR, camera and
radiation interaction data to develop rich, three-dimensional maps of radiological
environments which are easily interpreted and highly granular. Critically, these
systems may be deployed using a wide variety of autonomous and remotely-
controlled systems, including small drones. This mapping and localization capability
has been previously deployed at Chornobyl, and has proven its utility to assess
radiological contamination and to guide cleanup activities at a wide variety of sites.
In this presentation, we show a number of data products from Chornobyl that
demonstrate the capabilities of these systems and discuss the potential impact of
adopting such measurement systems for work at the site.

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

HOW TO PREPARE AT A NATIONAL UNIVERSITY LOCATED 32 KM
FROM NUCLEAR POWER PLANTS AFTER THE 2022 UKRAINIAN WAR

Megumi Sugimoto (Ph.D.)

Associate professor in Kyushu University, Japan
Email: sugimoto.megumi.320 [at] m.kyushu-u.ac.jp

The 2011 Great east Japan earthquake tsunami caused the Fukushima Daiichi
Nuclear Power Plant accident. Japan once stopped all nuclear power plants in 2011,
reviewed various standards for the risk of natural disasters to nuclear power plants,
and restarted from nuclear power plants that are strengthened. Kyushu University,
one of the oldest national University in Japan is located 32 km from Genkai nuclear
power plants have restarted. Kyushu University is basically located on the leeward
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side of the Genkai nuclear power plants. Even Fukushima University is located
around 75km from Fuku-ichi. Kyushu University is one of the most nearest
University from active nuclear plants in the world.

Distribution of medicines of potassium iodine beforehand is left to the
discretion of each municipality in Japan. Most students in Kyushu University live in
Fukuoka city and Itoshima city. Itoshima city has distributed medicines of potassium
iodine to the citizens in advance in preparation for nuclear accident. Students who do
not start living in the year when medicines of potassium iodine in Itoshima City
expires do not have the opportunity to receive medicines of potassium iodine.
Kyushu University has not the distributed medicines to students beforehand. Most
students have not prepared nuclear accidents nor owed medicines of potassium iodine
by themselves.

As 1n the case of the medicines of iodine, countermeasures have been taken
against nuclear accidents in Japan, but there are omissions in various aspects.
Therefore students in Kyushu University are not protected. Few students enter
University knowing that it is close to the nuclear power plant in the first place. It is
necessary to strengthen measures not only for students coming from outside but also
for vulnerable people in local area near nuclear plants in Japan under conflicts after
the 2022 Ukrainian War. Nuclear power plants have not prepared for the war in
Japan. Risk management of nuclear plants has reached new important turning point
11 years after the Great East Japan Earthquake in Japan. Japan has learned much
from Ukureina. Japan must continue to learn a lot about nuclear accidents and
defense from Ukraine.
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RADIATION-RESISTANT SENSOR FUSION INSTRUMENTATION FOR
REMOTE INSPECTION AT CHORNOBYL NUCLEAR POWER PLANT

Yannick Verbelen, David Megson-Smith, Matthew Ryan Tucker, Peter G. Marti,
Dean T. Conno, Freddie Russell-Pavier, Erin Holland, Tthomas B. Scott

Interface Analysis Centre, University of Bristol, BS1 8§TL Bristol, United Kingdom

Abstract: The hazardous nature of a radioactive environment, such as a nuclear
power plant or spent nuclear fuel reprocessing facility, means that humans inspecting
these environments are undesirable because of the resulting radiation dose from time
spent in proximity to radiation sources. Dedicated inspection instruments can provide
an alternative that removes humans from harmful areas entirely, or significantly
reduces the time spent in a hazardous location to deploy the instrument. The more
data can be collected during a single deployment, the more favourable its deployment
trade-off becomes. The ‘YanDavos’ series of nuclear inspection instruments
developed at the University of Bristol (UK) are sensor fusion devices, capable of
recording not only radiation information but simultaneously creating 3D models of
the environment onto which the radiation data can be overlain. The second iteration
of the instrument, ‘YanDavos II’, is the first to feature radiation hardening measures
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incorporated from the design phase. YanDavos Il was deployed, and its performance
evaluated, in the Chornobyl Exclusion Zone (ChEZ) and inside the Chornobyl
Nuclear Power Plant (ChNPP) in 2021. This work details the radiation resistance
strategies applied to YanDavos II, and also documents the experiences gained in the
field while deploying the instrument in active environments.

1.Introduction

The presence of ionising radiation and its harmful effects on living beings limits
the frequency and detail of manual inspections in radioactive environments [1]. Similar
restrictions apply to disaster response scenarios and other beyond-design-basis events.
Such events can often leave a nuclear site and the surrounding environment in an
uncertain state. This in turn complicates interventions to contain the, often rapidly
evolving, situation. The accident which occurred on the evening of 26 April 1986 at the
Vladimir Lenin Nuclear Power Plant, also known as the Chornobyl Nuclear Power Plant
(ChNPP) 1s an example of a design-basis accident (DBA). When the effects of known
design deficiencies were exacerbated by multiple procedural violations and operator
errors the situation rapidly developed into a non-design-basis event. When such an event
occurs, it 1s paramount that the radiological situation is characterised as quickly as
possible. Collecting information on the presence and spatial distribution of
radionuclides, helps to prioritise containment and remediation efforts. However,
sending humans into environments with unknown radiological conditions is hazardous;
particularly in situations where large radiological variations create localised “hot spots”.
Accidental exposure to such unidentified “hot spots” could result in radiation doses that
exceed safe limits [2]. Thus, robotic interventions are preferable as remotely operated
inspections negate the need to deploy humans into potentially hazardous environments.
The development of robotic platforms explicitly designed for remote exploration and
remote inspection of radioactive environments has been the objective of the National
Centre for Nuclear.

Robotics (NCNR) in the UK, and the Robots and Artificial Intelligence for
Nuclear Applications (RAIN) collaborative research initiative (2018 — 2022).
A variety of inspection systems were developed. These included fixed-wing and
multi-rotor unmanned aerial vehicles (UAVs) for aerial radiation mapping [2,3],
underwater remotely operated vehicles (ROVs) [4], and a comprehensive suite of
wheeled and quadruped land-based robots [5,6]. Examples of the latter included a
Boston Dynamics’ ‘SPOT’ robot, a smaller but more agile wheeled Leo Rover and a
Spider robot. These were equipped with various radiation detectors including gamma
spectrometers and neutron detectors [6]. As such systems continue to be improved
with augmented detection capabilities, the complexity of their electronics also
increases. This in turn increases their susceptibility to radiation induced damage,
particularly in designs that have numerous single points of failure.

Concerns about radiation tolerance of robotic system has been a barrier to their
deployment in high radiation environments [7]. Work in the 1990s focused on
evaluating the radiation tolerance of individual components such as CCD cameras,
which were found to be generally limited to 10 R/h [8]. At the same time technologies
with known radiation tolerance, such as video cameras based on Russian vacuum
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tubes, are now largely obsolete and difficult to source. The result is that most
deployment platforms, including UAVs, ROVs, and ground-based exploration and
inspection vehicles, are only partially characterised for radiation tolerance, or not at
all. The high cost of electronic sensors and control systems is prohibitive for large
scale destructive testing, and only incidental data hints at vulnerabilities in specific
circuit designs, such as power supply circuits [9,10]. This not only reduces their
usefulness in a radiation environment, it also limits their deployment scope to
relatively benign use-cases. If a robotic solution for nuclear inspections is devised
with radiation hardening as an afterthought, the result is invariably sub-optimal.

Fig. 1. YanDavos I deployed on Boston Dynamics’ SPOT robot inside the NSC,
2020 (left) and YanDavos II deployed inside Unit 4
Control Room on a tripod, 2021 (right).

Mitigation strategies in such scenarios are usually limited to adding lead or
tungsten shielding, which adds excessive weight to the design [11] and has reduced
effectiveness for higher energy gamma radiation. Reliance on commercial-off-the-shelf
(COTS) components that are “black boxes” and have a poorly understood radiation
tolerance, limits the design freedom for proactive radiation hardening. With the
inception of the YanDavos series of nuclear inspection instruments, a radically different
approach was adopted. YanDavos systems have become increasingly complex with
every iteration, because they are designed as multi-role inspection systems intended for
a wide range of stand-off inspection use-cases, including but not limited to nuclear
inspections. YanDavos is likely the best known example of a nuclear sensor fusion
instrument, featuring sensing capabilities such as LIDAR, gamma spectrometers, visual
and thermal cameras and environmental sensors. It is equipped with on-board laser
targeting, lighting for poorly illuminated environments, and both wired and wireless
communication capabilities for true autonomous and remote operation. Experiences
deploying YanDavos I and YanDavos II in real-world nuclear sites, including at
ChNPP, have illustrated the importance of proactive radiation impact mitigation
strategies from the earliest development stages. A unique research and development
program was conceived for YanDavos, that focuses on short development cycles, fast
design iterations, and closed-loop feedback for experiences gained through repeated
field deployments in hazardous environments. Feedback from staff at ChNPP has
proven invaluable to improve YanDavos, with enhancements to capabilities and user
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interface as the most visible improvements. This paper reports on the less visible
improvements to YanDavos II which relate to radiation hardening, as well as
experiences gained deploying YanDavos II at ChNPP in September 2021. [12]

RGB digital camera

LED light pods

Targeting diode

IR (thermal) camera

Collimated CZT Motorised
Micro-gamma pan-tilt
Spectrometer stage

Shielded micro-
Controller

Battery power unit

Wireless communications

Basal Csl Array for remote operation

Gamma spectrometer

Fig. 2. YanDavos II with some of its visible components annotated.

2.System Architecture

YanDavos is a sensor fusion system designed for remote nuclear inspections.
The core design principal was to combine multiple sensors into a single instrument
to maximise deployment potential and ease post-deployment data processing. One of
the challenges routinely faced during data processing is the difficulty of
synchronising data sets in time and space, i.e. overlaying coordinates and time stamps
to combine data sets produced by different sensors. The integrated approach of a
sensor fusion instrument such as YanDavos eliminates this complication by com-
bining data streams from different sensors in real-time. This eliminates the most
time-consuming post-deployment data processing work. It is particularly important
in the context of nuclear inspections, where indoor deployments may block
traditional positioning techniques such as GNSS, and thick walls or metal structures
can interfere with ToF or TDoA type positioing.

Designed as a modular sensor fusion instrument, YanDavos consists of a static
base containing most of the electrical and electronic systems. A pan-tilt unit (PTU)
can aim and scan a detector head with a horizontal range of 360° and —75° to 90° in
the vertical plane. The detector head can therefore be aimed at any point in a half
spherical space for inspections. In most practical use cases, the surface of interest
covers a larger area, and YanDavos can be configured accordingly.

YanDavos I was conceptually designed around a collimated gamma
spectrometer with a 1 cm?® Cadmium-Zinc-Telluride (CZT) crystal based on the CC-
RIAS design [11]. The collimated gamma spectrometer was complemented by a
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point LiDAR and an Intel RealSense camera, with software running on a Raspberry
Pi 3B+. It was observed during deployments in 2020 that the collimation was
insufficient to capture high resolution data in environments with elevated
background radiation. In YanDavos II, this was resolved by adding additional
collimation and shielding to the gamma spectrometer. In doing so the additional
weight necessitated a larger and more powerful PTU. Figure 1 shows a comparison
of both instrument iterations. Further to this, a FLIR A35SC thermal camera was
added together with a cross target pointer and lighting for low lit environments, and
the RealSense was swapped for a Sony IMX291 based CMOS camera optimised for
low-light conditions. A 16 cm?® CsI(TI) scintillator detector was also added on the
base of the PTU to measure the background radiation at the point of deployment.
This reference reading could then be subtracted from the CZT detector
measurements. Figure 2 shows some of the most important components of YanDavos
IT system. A block diagram of YanDavos II is shown in Figure 3, with components
for which radiation tolerance measures were put in place highlighted in blue.
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Fig. 3. Functional block diagram of the YanDavos II nuclear inspection instrument.
Blue areas cover components for which radiation tolerance measures have been put
in place. Red lines: power; for data communication: green lines: UDP;
blue lines: USB; black lines: UART, 12C, or direct control.

3.Radiation Tolerance

As evident from the block diagram in Figure 3, YanDavos II is an instrument
with a relatively complex system design. It features multiple power supply systems,
processing and control systems, sensors, and actuators. However. the instrument, can
only be as radiation tolerant as its weakest building block. That means that radiation
resistance measures must be implemented for each element in the block diagram.
Whereas this is possible in theory, the engineering reality is entirely different. For
example, designing a radiation tolerant thermal camera or LiDAR may be
theoretically feasible, but the development time and costs were prohibitive in the
scope of the project. Instead, the approach applied to YanDavos Il is twofold. Firstly,
focus on radiation hardening components where doing so is relatively straight-
forward such as by circuit design and/or component selection. Secondly, implement
control and mitigation strategies to deal with radiation induced failures in
components where radiation hardening is not possible. This approach seeks to
identify or anticipate failures and resolve them by attempting to restart of the failed
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component. Alternatively, isolating the failed component from the rest of the system
in a controlled and safe manner (a so-called “fail safe” strategy) may be preferable.
These are effective measures against single event upsets.

When designing for radiation tolerance, two separate radiation induced effects
should be considered. Firstly, cumulative effects that are proportional to the total
ionising dose (TID). These cause lattice damage which changes semiconductor
properties over time. Secondly, single event effects (SEE) must be considered. These
are transitional and cause prompt ionisation, inducing noise and charge, and an
instant change semiconductor properties. The best known example for both effects is
seen within CCD cameras. The noise is a result of SEE, and a gradual distortion of
the image as a result of prolonged exposure is due to TID. In complex circuits, SEE
can induce a variety of problems, most often in semiconductors. The five SEE that
were considered for YanDavos II radiation tolerance are:

1. Single-event transients (SET): charge deposited by a particle creating a
spurious signal. These effects induce noise spikes in analog signals and lead to
deterioration of data or erratic behaviour of analog control loops.

2. Single-event upsets (SEU): a particle interaction flipping a memory state or
bit. These effects cause corruption of data in memory, or when occurring in program
memory, can send the instruction pointer to an unpredictable or non-existing address,
therefore crashing the code. When occurring in data memory, they can be detected
with parity checks.

3. Single-event latch-ups (SEL): a particle interaction causing a conductive path
that shorts source to substrate. Latch-ups are equivalent to thyristor operation, and
require a full power cycle of the supply voltage to reset. If not protected against, SEL
can cause power circuitry to burn out.

4. Single-event induced burn-out (SEB): a particle interaction causing the drain-
source voltage to exceed the breakdown threshold, destroying the transistor.

5. Single-event gate rupture (SER): a particle interaction induced breakdown of
MOS or EEPROM gates when a high voltage is applied. Causes permanent damage,
and if the effect is transient, requires a full power cycle.

SET and SEU largely affect software controlled functions, and are dealt with
accordingly. To design for SET immunity, almost all circuits in YanDavos II are
digital, which are immune to noise by design. Analog feedback loops, such as those
in the servo motor controller, were kept as short as possible. There are no analog
signals in YanDavos I or II that are carried between functional blocks. Where analog
signals susceptible to noise are inevitable, such as inside the CZT detector, they are
shielded. Termination resistors with a 50 Q characteristic impedance are used in
conjunction with dedicated line drivers to keep the line impedance low. This reduces
the voltage induced by SET which is proportional to the signal amplitude.

Although less susceptible to SET, digital systems are very sensitive to SEU. This
applies particularly to volatile memory and registers with low bias voltage. There are
two parallel strategies applied to mitigate SET in YanDavos II depending on where
the event occurs. If occurring in data signals, parity checking is employed to detect
whether data is corrupted by SET. This has not proven to be a significant issue during
deployments. However, if the situation were to arise in the future, then a RAID
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memory configuration can be set up to automatically catch SET induced memory
corruption. On the other hand, if SET occur in program memory, it is likely to freeze
the software running. This is because instructions become corrupted, or non-existing
addresses are referenced. In the micro-controllers (MCU), this problem is caught by a
built-in watchdog timer. As usual, the MCU watchdog timer is periodically reset by
the main control loop in software. If the program memory gets corrupted, the watchdog
timer expires and triggers a full reload of volatile memory from flash memory (erasing
the fault) and initiating a restart of the software. The drawback of this approach is that
any volatile data as well as the state of execution is lost, so additional code was added
to save state in EEPROM memory to avoid entering an unknown state after a full reset.
The YanDavos topology is a modular design with multiple physical processor cores
that do not share data or pro-gram memory, SEE affecting one microprocessor or
microcontroller do not affect any of the others.

In contrast to SET and SEU, other SEE are not usually transitional, and are likely
to cause permanent damage if not handled properly. Power management circuits
designed with high current handling capabilities are particularly prone to permanent
damage caused by latch-up events that last longer than a few hundred milliseconds.
Discussed below are the radiation hardening strategies applied to the YanDavos II
design to handle SEL, SEB, SER, and TID in some of the most critical components.

-~ . 0% - -~  'E5B - ] J y 111

lsig. 4. YanDavos II static deployments on a tripod, as seen inside the Unit 4
Control Room (left) and while imaging the western wall
of the Shelter inside the NSC (right).

3.1. Radiation Hardening Strategies

There are 8 principal radiation resistance strategies that can be applied to an
instrument such as

YanDavos or its constituent components:

1. Shielding: the addition of a dense shielding material such as Pb or W to
reduce the dose rate for sensitive components.

The drawback of this strategy is that it adds bulk material to the system which
increases its weight significantly, and the effectiveness of shielding drops off with
higher gamma energies.

2. Cross section reduction: size reduction of critical components to reduce the
radiation flux they are exposed to.

This strategy is ineffective for most CMOS circuits, where miniaturisation results in
gamma-induced conduction across metal oxide barriers, which in turn induces latch-ups.
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3. Increased distance: takes advantage of geometric dilution, with radiation
flux dropping off with the square of the distance to the source.

4. Decreased exposure time: reduces total dose, and therefore the appearance
of TID induced damage effects, by keeping the exposure time of components to the
radiation source as short as possible.

5. Circuit tolerance: modification of circuit designs, such as CMOS circuits,
that makes them intrinsically more radiation tolerant. For example, having 2
MOSFETs in series with each other prevents conduction from taking place is either
of the MOSFETs is triggered by a single event upset.

6. Error correction: implementing parity checking or other fault detection and
correction strategies in software controlled circuits.

7. Redundancy: adding back-up circuits or systems with automatic hand-over
if one of them fails. Redundancy can be used effectively in conjunction with error
correction.

8. Radiation resistant components: the use of critical components that have
proven radiation tolerance, using larger semiconductor processes or radiation tolerant
semiconductor types such as SiC.

Many components rated for military or aerospace applications have higher
radiation resistance ratings, but often prove to be very costly/

In each of the blocks in Figure 3, one or more of these strategies were combined
to improve radiation resistance locally.

3.2. Power Supply Circuits

Power supply circuits are essential to YanDavos instruments because sub-systems
have varying individual power and voltage requirements. It is the task of the power
management modules to supply power at the correct voltage levels, and within a
specified ripple margin, to each of the functional sub systems of YanDavos. Voltage
levels range from 3.3 V for microprocessors to 48 V for the power-over-ethernet adapter
driving the FLIR A35SC thermal camera. At the same time, YanDavos must be able to
accept a wide input voltage range from = 10 V when running from a nearly discharged
LiFePO; battery, all the way to 59 V when running directly from a Boston Dynamics’
SPOT robot supply. As YanDavos’ both servo motors and flood lights all require a 12
V power rail, a nominal voltage of 12 V was selected for YanDavos II. With an input
voltage that can be higher or lower than the target voltage rail, a buck-boost topology is
required for the main DC/DC converter. As the most critical power supply module,
substantial attention was given to radiation tolerance in the design phase of the DC/DC
converter. The main DC/DC converter design combines three of radiation hardening
strategies elaborated above: circuit level tolerance, radiation resistant components, and
cross section reduction.

As the output voltage can be higher or lower than the DC/DC converter’s input
voltage, an active DC/DC converter topology (buck/boost) is needed, which eliminates
the possibility of a linear regulator (LDO) which offers improved radiation resistance.
As a minimum, a buck-boost converter requires an oscillator, sawtooth generator, and
comparator for duty cycle modulation. Implementing this functionality yields a high
transistor count, and therefore increases the chance of radiation induced failures. To
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reduce the risk, a highly integrated DC/DC controller of type LT8210 was selected,
which combines the functional components onto a single die. The circuit area is small,
which takes advantage of reduced cross section of the silicon to improve radiation
resistance. Power switches, unfortunately, are physically too large to benefit from cross
section reduction because of their expected current handling capabilities. In YanDavos
I1, the main DC/DC converter is rated to 100 W at a fixed output voltage of 12 V, which
is equivalent to a continuous output current in excess of 8 A. The switching current
through the inductor is about twice this value, and with a 20% safety margin, the
switches were specified to handle 25 A switching current. Their die is about 4 mm?,
which is a substantial cross section for gamma radiation. To mitigate the risk, the entire
design was laid out exclusively with N-channel MOSFETSs (more radiation tolerant than
their P-channel counterparts because the absence of a P-well reduces the latch-up risk
to substrate). In addition, silicon carbide (SiC) MOSFETSs were selected, which have an
improved radiation tolerance in comparison to GaN power MOSFETs. SiC MOSFETs
are the most radiation tolerant option of any MOSFET type that is not specifically
marketed as rad-hard, the latter being reserved for aerospace applications and suffering
from supply chain issues as well as excessively high cost.

Lastly, circuit level tolerance has been incorporated from the design phase. This
includes double MOS switches at critical positions, which ensures 2 switches must be
actuated simul-taneously, thus preventing spurious activation of either switch to cause
undesirable currents to flow. As it is statistically unlikely for both MOS switches to
simultaneously experience a SEE, this strategy improves radiation immunity. However,
it does not mitigate against accumulative effects, which change the properties of the
MOSFETs as radiation damage accumulates inside the semiconductor. Such damage
changes conduction behaviour, which in turn translates to a change in current flow in
either the ON or OFF configuration (charge build-up causes N-MOSFETs to be turned
on easier, and P-MOSFETs turned on harder, respectively). The current is measured at
2 positions in the DC/DC converter, using a Kelvin connection across 2 shunt resistors
with a value of 2 mQ each. The switching MOSFETs are configured in a classic H-
bridge topology with the single inductor as load between the 2 half bridges. If either of
the 4 MOSFETs drifts, the resulting inbalance between primary and secondary side of
the bridge will cause a change in voltage drop over the shunt resistors, which is
measured by the controller. If the drift exceeds a preconfigured level, which translates
to a certain amount of radiation damage, the MOSFET is turned off. If the drift causes
positive feedback, for example one of the N-MOSFETsS that can no longer be turned off,
an additional control MOSFET is actuated to turn off the power. At any time, there are
always at least 3 MOSFETSs between a positive power rail and ground, which means
two can fail in a shorted state without causing a short circuit of the input supply. Even
if this happens, an input fuse trips, disconnecting the DC/DC converter from the power
input (such as a battery) entirely, and failing in a safe manner. The DC/DC converter
circuit is an open source design, and has been simulated using LTSpice to verify correct
behaviour. Power and efficiency measurements were made to characterise the electrical
performance before deployment [13].

23



ququququququ

31
AL
il

1 I
s

Fig. 5. Schematic diagram of the main buck-boost DC/DC converter as
implemented in YanDavos I, featuring radiation resistant elements including
redundancy and rad-hard SiC MOSFETs. [13]

In YanDavos II, all of the power supply and power management circuits are
bespoke designs, as “black boxes” should be avoided as much as possible for mission
critical components. The main DC/DC converter, as discussed above, uses a direct
coupling between input and output due to the high power and efficiency requirements.
Designed to be operated without active cooling (to avoid attracting dust in a
radioactive environment), excess heat is an important factor to be considered during
the design process. Minimising the inductance is the method of choice. For secondary
supply rails, for example the 5 V and 12 V rails, where efficiency is less critical
because the absolute power transfer is lower, direct coupling is better avoided. A
capacitive or inductive coupling between input and output is instead preferred because
both are electrical open circuits at DC, which means failure of the active components
in a DC/DC converter automatically decouples the output power rail from the input
rail. For buck converters, the SEPIC topology is the most commonly implemented,
using a capacitor for coupling. At high currents, the switching losses in ceramic
capacitors quickly become excessive, but at relatively low currents below 1 A, as is
typical for electronic circuits, it is a favourable topology.

For the 48 V boost converter for the PoE adapter feeding power into the thermal
camera, a flyback topology was selected. As with a capacitor, transformers are open
circuits for DC, so any failure of primary side circuitry passively decouples the
thermal camera from the battery. Pulse transformers are particularly effective at a
fixed duty cycle, when the ratio between input and output voltage is constant. For the
PoE boost converter, this is a ratio of exactly 1:4 (stepping up from 12 V to 48 V)
which means it can be implemented with a compact transformer and minimal
external circuitry. Secondary side sensing with optocouplers is avoided because
optocouplers, like all other optical components, are particularly prone to radiation
damage. Figure 6 shows the circuit board for active PoE injector, with transformer
as part of the voltage multiplier seen on the left.
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Fig. 6. Power over Ethernet (PoE) injector designed for YanDavos II, with the 48 V
step-up converter with isolation transformer to the left,
and the Ethernet controller to the right.

3.3. Sensors

As a sensor fusion instrument, YanDavos II features a number of high-end
sensors and associated equipment. Many of these are highly sophisticated, such as
the LiDAR and thermal camera, and the result of lengthy development processes
resulting in proprietary technology. Replicating functionality in a radiation tolerant
alternative would require equally length development pro-cesses at excessive costs,
which are prohibitive. Instead, the solution chosen for YanDavos II was to use
commercial sensors and apply external radiation tolerance improvement strategies
to them. This was done to the collimated CZT detector and the LiDAR.

The collimated CZT gamma spectrometer is based on a Kromek GR1 detector. It
features sensitive analog circuits that are prone to SEU and SET. The applied solution
was to add extra shielding to the detector, which also improves its collimation. As part
of the YanDavos II sensor head design, additional lead shielding was added to surround
the GR1 unit, with a total of 18 mm of lead shielding added on every side. In the front
of the detector, the CZT crystal was exposed by a pinhole. This was achieved using
composite material consisting of lead sheets embedded in structural plastic parts which
were 3D printed in PLA. This form of additive manufacturing, which is gaining
popularity in the nuclear industry [14], combines the excellent shielding properties of
lead (but low mechanical stiffness) with the structural flexibility of plastic parts. The
manufacturing process of these bespoke shielding parts is shown in Figure 7.

Fig. 7. 3D printing lead-containing composite materials for shielding of
sensitive components in YanDavos II
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The LiDAR is very sensitive to radiation, because SET cause spurious signals
in its photodiode which are interpreted by the LiDAR logic as laser return signals.
Occasionally, the LIDAR was found to lock-up during tests, malfunction, and/or stop
communicating, and additional circuitry was implemented to catch and resolve this
problem when it occurs. Firstly, a load switch was added in line with the LIDAR’s 5
V power rail, which allows it to be power cycled. The LiDAR was assigned its own
linear voltage regulator (LDO) which physically decouples its power rail from other
devices in the sensor head of YanDavos II. Secondly, a hardware watchdog timer
was implemented such that, when allowed to expire, the LiDAR is automatically
power cycled.

Microcontrollers are inherently prone to radiation damage because of the large
number of transistors they contain, which increases the chance of radiation induced
effects happening in microcontrollers. SET and SEU can largely be resolved in
software, although cumulative radiation damage cannot. Because of the low cost of
modern microcontrollers, the integrated circuit package was mounted in a socket,
which allows it to be replaced between deployments. Swapping critical components
to “reset” cumulative radiation damage was considered a cost-effective strategy
during the design phase of YanDavos II. Previous research has shown that AVR type
microcontrollers of the same family as those in YanDavos II, can withstand radiation
doses in excess of 635 Gy [10].

3.4. Control Circuits

Radiation hardening strategies are paramount for control circuits responsible for
critical function-ality. Software and hardware watchdog timers, as discussed above,
are effective strategies to monitor software and trigger resets in case of single event
induced upsets or latch-ups. When control circuits are responsible for driving
actuators, additional fail safe measures must be put in place. The PTU in YanDavos
is controlled by two integrated servo motors, which are commercial components and
therefore have unknown radiation tolerance. Aside from a built-in hard “stop” for the
moving mechanism, redundancy was built in on different levels to drive the servo
motors. The servo motors can take control instructions through two serial interfaces,
UART and I2C, but not at the same time. A switch matrix was implemented with
discrete logic chips to enable UART and 12C control signals to be switched between
the microcontroller and either of the two servo motors. If either interface is affected
by radiation damage, the other can be switched in place and take over control nearly
seamlessly. Both acutation methods were implemented in software on a
microcontroller.

The most critical control circuit for which no radiation hardening strategy could
be devised is the SBC for control and data collection. It is based on a Jetson Nano, a
commercial device with unknown radiation tolerance characteristics. Mounting the
Jetson Nano horizontally in the YanDavos Il base helps to reduce its cross-section.
As with other software controlled systems in YanDavos II, the Jetson Nano runs an
internal watchdog timer to reset it in case of SEE, in addition, its software is running
from an SD card which can be easily swapped as an inexpensive replacement to
“reset” cumulative damage of the memory between deployments/
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Fig. 8. YanDavos II being transported inside the NSC by ChNPP staff (left) and as
seen during a scan from a suspended walkway (right).

4. ChNPP Deployment Experiences

Overall, the electronic systems on YanDavos Il passed a 2-week series of
deployments in the Chornobyl Exclusion Zone (ChEZ) and inside ChNPP, organised in
September 2021 to test the YanDavos Il in a real-world nuclear environment. YanDavos
was deployed in indoor and outdoor environments with varying levels of radiation, and
was demonstrate to operate in all weather conditions including pouring rain. No
permanent circuit level failures, as a result of radiation induced damage or otherwise,
were observed. However, the maximum dose rate was estimated to be no higher than 2
mSv/h, and total dose lower than 1 mSv. Most of this dose was accumulated scanning
two tanks at the Buryiakivka Radioactive Waste Disposal Site, and not inside ChNPP.

Nonetheless, several points of improvement were identified.

Firstly, it was found that the instrument in its entirety is too heavy for manual
deployment and too bulky to be easily manouvrable through narrow corridors at
ChNPP. Although the original weight limit of 12 kg was imposed by the payload
carrying capacity of SPOT, one of the objectives for YanDavos III is to reduce the
weight to about half of that. A new bespoke design for the PTU and counterbalanced
detector head should make this possible. The flexibility to mount the instrument on
SPOT, tripod, or upside down on a gantry, will be preserved.

Secondly, colleagues at ChNPP kindly pointed out that the user interface, which
relies on a touch screen based tablet, is not optimised for a hazardous environment,
and gloves that are part of protective equipment interfere with the touch screen
interface. The conclusion is that a simpler control interface with tactile buttons and/or
joystick is needed, which can function as a parallel interface.

Finally, radiation effects were observed with some of the commercial sensor
components integrated into YanDavos II, most notably the Kromek GR1 CZT
detector which for currently still unknown reasons refuses to initialise properly in a
high radiation environment. This design flaw only surfaced in a high radiation
environment and was discovered thanks to the opportunity provided by ChNPP to
test YanDavos II on site. This software issue has led to the loss of several data sets
during deployments in the ChEZ and inside ChNPP. Design work is currently
underway to devise USB control circuits capable of resetting USB devices including
the Kromek GR1 from a digital controller with a remote control signal.

5.Conclusions
The design of YanDavos II features the first serious engineering effort to integrate
radiation hardening features into a nuclear sensor fusion instrument from the ground up,
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as opposed to adding it as an afterthought before deployment in active environments.
Despite its fast devel-opment cycle, the experiences with the bespoke power supply,
power management, and control circuits designed specifically for YanDavos II have
been positive. Radiation induced erratic behaviour was observed with commercial, off-
the-shelf components integrated into YanDavos II, most notably the Kromek GR1 CZT
detector. In contrast, the components that were explicitly designed with radiation
hardening in mind, proved to display consistent behaviour regardless of radiation levels
or weather conditions they were exposed to. No power supply failures were observed
during the 2-week deployment in September 2021.

That said, it should be emphasised that the radiation levels YanDavos II was
exposed to during the active trials were relatively benign in comparison to the
radiation levels known to exist in several locations inside the Shelter Object. Further
development is therefore necessary to improve the current circuit designs with
additional radiation resistance features. Additionally, valuable experiences gained
during the deployment regarding practical deployment use cases and feedback
regarding the user interface will be taken into account during the design phase of the
next iteration of the instrument, YanDavos III.
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A REACTIVITY ACCIDENT THIRTY-SIX YEARS LATER
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The results of a study on the model of a reactivity accident at RBMK-1000,
which destroyed the RBMK-1000 reactor of power unit No. 4 of the Chornobyl NPP
on April 26, 1986, are presented. The model of reactivity accident at the RBMK-
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1000 was developed based on the equations of nuclear reactor kinetics, taking into
account feedback on the reactivity effects.

In the model, the reactivity changes as a result of external influences: the
movement of control rods; changes in the coolant temperature at the reactor inlet, as
well as a result of feedback on reactivity effects: changes in fuel temperature, coolant
density, **Xe concentration. The change in coolant density is determined by taking
into account the formation of steam in the reactor core.

The study of the reactivity accident at the RBMK-1000 was carried out for
different combinations of the efficiency of the control rods; reactivity coefficients by
fuel temperature and coolant density; changes in coolant temperature at the reactor
inlet; emergency protection triggering time, as well as the reactor power level before
closing the shut-off valves of the turbogenerator.

The paper presents the most important results of the research — a significant
impact on the course of a reactivity accident of emergency protection triggering time
after the shut-off valves of the turbogenerator are closed; reactor power level before
closing the shut-off valves of the turbogenerator.

Keywords: uranium-graphite reactor, reactivity, temperature coefficient of
reactivity, density reactivity coefficient, end effect, graphite displacer.

Introduction

Today, 36 years after the Chornobyl accident, discussions continue on several
issues regarding the possible course of the accident.

Let us study the most important in our opinion.

1. It is considered that from the moment of shutdown of shut-off valves of the
turbogenerator (TG SOVs) initiation of AZ-5 emergency protection (SCRAM)
would lead to an identical accident [1].

2. Currently, there are no studies on the effect of the power level of RBMK - 1000
before the closure of the TG SOVs on the scale of reactivity accidents [1].

Earlier in our work, we analyzed the reactivity effects in various reactor facilities,
both uranium-graphite (fuel-moderator) and water-water (moderator-cooler) [2-4].

An important feature of the physical model of RBMK is the simulation of steam
generation in the coolant. This is important because, when operating at nominal power
levels, about half of the energy of the fission reaction goes to heat the coolant (~ 15 °C)
in the fuel channels (FC) to saturation temperature, and the other half of the energy goes
to generate steam in the coolant. Taking into account that the specific volume of steam,
in the RBMK-1000 design ranges of variation of coolant parameters, is ~20 times
greater than for water [4], it is obvious that taking into account the variation of coolant
density, taking into account the steam generation in the FC, will lead to significantly
greater insertion of positive reactivity than when considering the reactivity feedback
only by the coolant temperature coefficient of reactivity (TCR) [4].

Reactor model

The main parameters of the RBMK model were obtained by the authors both
for the one RBMK-1000 polycell (consisting of 16 FC, one channel with a control
rod (CR), and one channel of an additional absorber) [3, 4]) and for four polycells
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(with 64 FCs), in which criticality conditions are achieved at a height of ~1.7 m and
an average fuel enrichment of 1.15%, which corresponds to the average fuel
enrichment in RBMK-1000 the day before the accident [3, 4]. Geometric and
material characteristics of FC and fuel elements are standard for the 2nd generation
of RBMK-1000 (ChNPP-4).

The neutron power is determined from the equations of the point kinetics of
neutrons in the reactor [2-4]:

dN(t)
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where N (t) — neutron flux density (neutron power of the reactor);

p (1) — reactivity at time #; f — effective fraction of delayed neutrons;

pi— fraction of delayed neutrons from the precursor nuclei of the i-th group;

Ai — decay constant of the precursor nuclei of the i-th group; / — average generation
time of instantaneous neutrons; ¢;— concentration of precursor nuclei of the i-th group
of delayed neutrons.

The influence of feedback in the reactor model is taken into account by
determining the change in the reactor reactivity Ap(t) due to the movement of the
CR, changes in the temperature and density of the coolant at the reactor inlet, as well
as the reactivity released due to the action of feedbacks: changes in fuel temperature,
changes in coolant density, changes in ¥ Xe concentration and other parameters:

Ap(t) = Apcr(t) + :—;’CAyc(t) + g—?AT(t) + %AXe(tH 3)

where Apcr(t) — reactivity inserted by moving of the CR;

;’7" — reactivity coefficient by coolant density (RCCD);

Z—’T’ — reactivity coefficient by fuel temperature (RCFT);

9

—— — reactivity coefficient by '*’Xe concentration.

The heat balance equations for fuel and coolant in the reactor core are used to
determine the fuel and coolant temperature, as well as to determine the mass fraction
of steam at the reactor core outlet.

In contrast to traditional models for taking into account the effect of feedback by
the moderator (coolant) temperature for PWR reactors [2, 3], for RBMK-1000 reactors,
steam generation in the core is taken into account. To account for steam generation, an
additional term appears in the heat balance equations for the coolant (5):

ar
—Ver=ayV —qsS 4)
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where V' — fuel volume; S — area of the side surface of the fuel rods in the core; ¢ — fuel
heat capacity; y — fuel density; c. — coolant heat capacity; ¥, — coolant density;
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M, — coolant mass in the core; G.— volumetric flow rate of the coolant; 8;,, — coolant
temperature at the core inlet; 6,,; — coolant temperature at the core outlet;
g»— volumetric energy release in the fuel; g;— heat flux from the surface of the fuel rod;
P — steam fraction in the core coolant; h" — the enthalpy of steam at saturation
temperature, h' — enthalpy of water at saturation temperature.

In the model of the RBMK-1000 reactor, an iterative scheme for solving
equations (1 — 5) with an appropriate selection of the time step is implemented.

The chronology of external influences and events during testing with the TG
run-out, as well as the ranges of change in the values of RCFT and RCCD, are taken
from design data or other known publications [5, 6].

By [5, 6], the following chronology was detected:

e 0.0s — closing of the TG SOVs and start of the main circulation pump
(MCP) run-out (astronomical time 26.04.1986 01:23:04);

e 6.6 s—power connection of 4 MCPs to the run-out TG;

e 36.0s — pressing the AZ-5 button and control rods insertion with the
efficiency Apcg into the core at a speed of 40 cm/s;

e 6.6 —42.0s — decrease in the coolant flow rate due to a decrease in the
speed of 4 MCPs connected to the run-out TG from 1.0 to 0.75 of the nominal coolant
flow rates through the MCP, as a result of which the coolant temperature increases
and, accordingly, the density decreases.

o 43 s — drop in the coolant flow rate through the reactor by ~ 40 % for the
MCPs connected to a reliable power supply, and up to 0 m*/h for the MCPs connected
to the run-out TG. In this case, the coolant flow through the reactor decreases to
~18000 m*/h [5, 6].

Based on the described RBMK-1000 model, the paper presents the results of a
study of the influence of the following factors on the accident process:

e  Efficiency of the so-called "end effect" of CR;

e Different combination of minimum and maximum values of reactivity
coefficients by fuel and coolant;

e  Power level before TG run-out tests;

e  Triggering time of AZ-5 emergency protection.

Influence of the "end effect" efficiency of CR on the scale of a reactivity
accident

In Fig.1. the results of modeling the change in the neutron power of the reactor
during the reactivity process depending on the efficiency of the "end effect" are
presented for the following values of RCFT -0.000015 C! and RCCD -0.028 g'!-cm’.

Thus, it can be stated that the recorded time of the initial destruction of the core
(~8 s after the AZ-5 was triggered) in the model can be obtained at the value of the
"end effect" efficiency +(0.41£0.05) B. An additional factor confirming this version
1s a comparison with other recorded data, namely, an increase in the reactor power
to 530 MW was recorded at 3 s after the AZ-5 was triggered.

With RCFT -0.000008 C!, and RCCD -0.028 g''-cm?, the fuel destruction time
in the model corresponds to that recorded (~8 s after AZ-5 was triggered) at the value
of the "end effect" efficiency +(0.32+0.05) B.
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Influence of reactor thermal power level on the course of reactivity
accident

Table 1 presents the results of modeling the change in the neutron power of the
reactor during the reactivity process depending on the reactor power level before the
start of tests with the TG run-out.

Table 1. The maximum power level and the time it takes to achieve it, depend
on the initial power level of RBMK-1000 before testing.

Initial power, % (MW)
Parameter 6.25 7.81 9.38 21.88
469(150) | x00y | 250y | (300) | (700)
Maximum power, % 3446 3218 1294 731 174
The time it takes to
achieve maximum 44.1 44.0 44.0 44.1 45.2
power, s

As expected, the power level at the beginning of the reactivity process
significantly affects the amplitude of the neutron power growth.

By the TG Run-Out Test Program, the thermal power level of RBMK - 1000
should be at the level of 700 MW before the start of the tests. In this case, the
maximum value of neutron power at the operation of AZ-5 would be ~170 % of the
nominal power (this is ~ 20 times less than in the case of the initial power of
200 MW), and, consequently, it would not lead to the destruction of fuel and,
consequently, to the reactor destruction as well.

Influence of triggering time of AZ-5 on the course of reactivity accident

The INSAG materials [1] state that under the conditions prevailing in the reactor
on the eve of the tests, starting from 01:23:00, the operation of AZ-5 at any time
would have led to similar catastrophic consequences.

with the results of studies carried out on the RBMK-1000 model, the main
hypothesis confirming the possibility of catastrophic destruction of the fuel is as follows:
the maximum increase in power in ~8 s after the triggering of the AZ-5, leading to the
destruction of the fuel during the implementation of such external influences as the
operation of the AZ-5 and a sharp decrease in the coolant flow through the reactor is
possible only with a certain synchronization of these effects in time.

In Fig.2. the results of modeling the change in neutron power when AZ-5 is
triggered at different points in time after the closure of TG SOVs are presented.

It can be noted that when the AZ-5 is activated up to 32 s after the closure of
the TG SOVs, the influence of the external actions mentioned above is spaced in time
and the reactivity effects are not superimposed, and, therefore, there is no significant
increase in the neutron power. Therefore, the triggering of AZ-5 with the
requirements of the Operation Regulations [7], by the fact of shutting down of the
last operating TG does not lead to fuel destruction.

It can also be noted that in the test with TG run-out on 26 April 1986, the AZ-5
event-initiator should be not so much the closure of the TG SOVs, as the fact of
simulation of a power outage, at least for half of the important equipment that
provides heat removal from the core fuel, so the blocking of the AZ-5 is unjustified.
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Conclusions

1. The RBMK-1000 reactivity accident model was used to determine the model
parameters in which the fact of reactor destruction in simulation is consistent with
the registered parameters and events during the accident.

2. High sensitivity of the reactivity accident model to the values of RCFT and
RCCD in the range of their change according to design data is confirmed [1].

3. Carrying out TG run-out tests at a reactor thermal power level of ~ 700 MW
according to the Test Program does not lead to fuel destruction.

4. Blocking of AZ-5 at shutdown of the last working TG when operating at the
level of electric power less than ~ 100 MW is allowed by regulations of operation of
Chornobyl-4 in an edition of 1983. However, in the test with TG run-out on 26 April
1986, the AZ-5 event-initiator should be not so much the closure of the TG SOVs,
as the simulation of a power outage, at least for half of the important equipment that
provides heat removal from the core fuel, so the blocking of the AZ-5 is unjustified.
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The time of operation of the AZ-5 has a significant impact on the course of the
reactivity accident. Triggering the AZ-5 at any time up to ~ 32 s after closing the TG
SOVs does not lead to fuel destruction.
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ONTUMIBALIA ITAPAMETPIB EJIEKTPOKHHETUYHHUX
HPOLECIB B TIOPOBOMY ITPOCTOPI IABOHNOAIBHUX
HAJIMBOBMICHHUX

TI'abenkoe C. B, Jlonin B. B.?, Kueaniox 1. B., 3yé6xo O. B.?, Kpacnos B. O.’,
Kyonaii B. I''!, Hapxomuyx I1. €.!, Caguenxo 5. C.!, Yuxonoseys C. O.!

TucturyT nmpobnem Oesnexu atomuux enexrpocranniii HAH Vkpainu,
Yopuobus, s.gabelkov@ispnpp.kiev.ua
2ITY «IacTutyT reoximii HaBKoIMIIHLOTO cepenobuina HAH Vkpainn», Kuis

HocmipkeHo  Pi3UKO-XIMIUHI  TPOLECH B  JIABOMOAIOHUX  MAJMBOBMICHUX
marepiaax (JIIIBM) 4-ro 6moky Yopuoounberkoi AEC. Buxopucrano pasirie
CTBOpEHY J1abOPAaTOPHY YCTAHOBKY. Ii OCHOBHMM BY3JIOM € €JIEKTPOXiMiuHa KoMipka. B
HIf BiAOYBA€ThCSI TEHEPYBAaHHS PEarcHTIB, IO 3a0€3Me4y0Th BHYTPIIIHBOIIOPOBE
BUJIYTOBYBaHHSI ypaHy, MPOJIYKTIB IMOAUTY Ta MPOIYKTIB aKTHUBAIIll 3 MIKPOBKITIOUCHb Ha
OCHOBI OKCHJly ypaHy Ta Tepepo3Noil iX B MOpPOBOMY mpocTopi. ExcmepumenTH
npoBefeHo 31 3paskoMm JIIIBM opieHTOBHUMH po3MipamMu 2 X 2 X 2 MM.
BukoprcToByBanu Ba pi3HUX BOJHUX PO3YHHIB €JIEKTPOIITIB MPH JIBOX KOHIIEHTPALIISIX.
Opnepxano aaHi xpoHoamriepoMmeTpii. EQekTHBHICTh TIEpeHOCY 10HIB OLIHEHO Yepes
napameTp, KUl XapakTepu3ye KiIbKICTh IEPEHECEHNX 3apsiliB Ha CTAIlIOHAPHIN CTail
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y KOMIpII 3a Yac eKCIEpUMEHTY. EKCIepUMEHTaIbHO BCTAHOBJIEHO ONTHUMAJbHI
napaMeTpH, XIMIYHHM CKJIaJl 1 KOHIIGHTPAII0 BOJHOTO PO3YHHY EJICKTPOJITY JIJIs
MIPOBENICHHS EIIEKTPOKIHETUIHUX TPOIIECIB B TOpoBOMY TipocTopi JITIBM.

KuarwouoBi ciioBa: naimBoBMICHI MaTepiaiv, YOpHA KepaMika, BUJIYTOBYBaHHSI,
nepepo3Mno/Iii, MOPOBUI MPOCTIP, OKCHIN ypaHy, €IEKTPOXiMiuHA KOMIpKa.

PARAMETERS OPTIMIZATION
OF ELECTROKINETIC PROCESSES IN THE PORE SPACE
OF LAVA-LIKE FUEL-CONTAINING MATERIALS

Gabielkov' S. V., Dolin V. V., Zhyganiuk! I. V., Zubko O. V., Krasnov' V. O.,
Kudlay' V. G., Parhomchuk® P. E., Savchenko' B. S., Chikolovets' S. O.

!Institute of Safety Problems of Nuclear Power Plants of NAS of Ukraine,
Chernobyl, s.gabelkov@ispnpp.kiev.ua
’DU Institute of Environmental Geochemistry, Kyiv

Physicochemical processes in lava-like fuel-containing materials (LFCM) of the 4th
unit of the Chornobyl NPP have been studied. A previously created laboratory
installation was used. Its main node is an electrochemical cell. It generates reagents that
provide intraporous leaching of uranium, fission products and activation products from
microinclusions based on uranium oxide and their redistribution in the pore space. The
experiments were performed with a sample of LFCM with approximate dimensions of 2
x 2 x 2 mm. We used two different aqueous solutions of electrolytes at two concentrations.
Chronoamperometry data were obtained. The efficiency of ion transfer was evaluated
through a parameter that characterizes the number of transferred charges in the
stationary stage in the cell during the experiment. The optimal parameters, chemical
composition and concentration of the aqueous electrolyte solution for conducting
electrokinetic processes in the pore space of LFCM were experimentally established.

Keywords: fuel-containing materials, black ceramics, leaching, redistribution
pore space, uranium oxides, electrochemical cell.

KIJIBKICHI OIIIHKH BMICTY KPUCTAJIIYHUX ®A3 Y
BATATO®A3ZHHUX 3PA3BKAX HA OCHOBI JAHUX
PEHTIT'EHIBCHKOI TU®PAKIII

T'abenxos C. B., Kueantx 1. B., Cxopoyn A. /1.

[HcTutyT npoGiem Gesneku aromHux enekrpoctranuii HAH Ykpainu, YopHoOus,
1.zhyganiuk@jispnpp.kiev.ua

KuarouoBi cioBa: 51aBu NaJIMBOBMICHMX MaTepialiB, HAHTOKIT, €plOKaJIBbIUT,
napameTp KOpessiiii, KUIbKICHI OILIHKM BMICTYy KpPHUCTAIIYHUX (a3, PEHTreHiBCbKa
mudpaxiis
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Po3pobneno MeTrox OIIHKM  BITHOCHOTO BMICTY KpUCTamuHux (a3
Oaratoda3zHuX 3pa3KiB Ha OCHOBI WMOBIPHICHOTO aHa3y IHTCHCHUBHOCTEH JIiHIM
peHTreHiBchbkoi audpaxiiii. JlociipkeHo Habopu JaHUX PEHTTEeHIBCHKOT Tudpakiiii
B1J1 3pa3KiB, CTBOPEHUX 13 MiHepaiiB HaHTOKITY CuCl 1 epiokanbiuty CuCl 4 - H,O
TPHOX HaIepe]] 3aJaHuX CIIBBIAHOMIEHbh BMICTYy HHX 1IBOX ¢a3. B il poborti
IIPOBEJIH MOPIBHAHHS BMICTY ITUX (pa3 Ha OCHOBI BBEICHOTO MapaMeTpy KOpemsii S .
3a 03HAaYEHHSM IIe¥ TapaMeTp € 3ropTKOI0 JBOX BEKTOPIB, MOOYI0BAaHUX HA JTAHUX
PEHTreHIBChbKO1 Audpakiiii Mpu BIAMOBIAHUX 3HAYCHHSIX KYTIB 1 IJI1 KPUCTATIYHOL
(dha3u HAHTOKITY Ma€ BUTJIS;

N

Sé;nglx) — z bi(CuCl)bi(CuCl) i=12 ... N

l

[TapameTp Kopemsiii MiX BEKTOpaMH MOOYJ0BAaHO Ha EKCIEPUMEHTAJIbHHUX
JIAHUX PEHTTeHIBChKOI AU(PaKIli 3pa3ka 3 HAHTOKITOM 1 BIJIMOBIIHUMU JaHUMU 13
0a3u gaHuX peHTreHiBebkoi qudpakuii COD

N
Scuct = Z gl P D =12, N
i

[TopiBHSIHHA YMCIIOBMX 3HA4Y€Hb NapaMeTpiB KOpENslli 13 BpaxyBaHHSAM
BIIMOBIAHUX KOE(DIIIEHTIB MOTJIMHAHHS (BU3HAUYEHUX €KCIIEPUMEHTAJIBHO) CTBOPIOE
MOXJIMBICTh KIJIBKICHOT'O aHaITi3y BMICTY (pa3 B OaratoazHux MaTepiajiax.

[IpencraBnennii MeToA CTBOPEHUM JIsi KIIBKICHOTO aHami3y BMICTY ¢a3 B
Oararoda3Hux MaTepiajiax — JJaBaxX MaJIMBOBMICHUX MaTepialliB, 0 YTBOPUIIHUCH ITi]T
yac YopHoOmiibehbKoi aBapii B 1986 p.

QUANTITATIVE ESTIMATES OF THE CONTENT OF CRYSTALLINE
PHASES IN MULTIPHASE SAMPLES BASED ON
X-RAY DIFFRACTION DATA

Gabielkov S. V., Zhyganiuk I. V., Skorbun A. D.

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

Keywords: fuel-containing materials, nantokite, eriochalcite, correlation
coefficient, quantitative estimates of the content of crystalline phases, X-ray diffraction

A method for estimating the content of crystalline phase of multiphase samples
on probabilistic analysis of the intensity of linear X-ray diffraction has been
developed. X-ray diffraction data sets from samples created from the minerals
nantokite CuCl and eriochalcite CuCl 4 - H,0 of three predetermined ratios of the
content of these two phases were studied. In this work, the content of these phases
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was compared based on the introduced correlation parameter S. By definition, this
parameter is a convolution of two vectors built on X-ray diffraction data at the
appropriate values of angles and the crystalline phase of the nantokite

N

S(,(‘Zlgzx) — z bi(CuCl)bi(CuCl) i=12 .. N

L

The correlation parameter between the vectors is based on experimental data
of X-ray diffraction of the sample with nantokite and the corresponding data from
the X-ray diffraction database COD, which is expressed by the formula

N
Scuct = Z g P D =12, N

i
i

Comparison of numerical values of correlation parameters taking into account
the corresponding absorption coefficients (determined experimentally) creates the
possibility of quantitative analysis of the content of phases in multiphase materials.

The presented method is created for quantitative analysis of the content of
phases in multiphase materials — lava-like fuel-containing materials, formed during

the Chornobyl accident in 1986.

JAOCJIIKEHHA E@EKTUBHOCTI ITPOLIECIB YTBOPEHHA
MEANYHUX PAATIOI3OTOIIB ITPA OITPOMIHEHHI
HE3BAT'AYEHOI'O YPAHY

Tipxa Izop!, Asapenxoe Muxona', Pyouuee Borooumup!, Pyouues €20p'~

XapkiBchkuil HatioHansHuit yHisepeuteT imeni B. H. Kapasina, M. Xapkis
’HauioHanbHuii HAyKOBHMH LEHTP «XapKiBChKKH (i3MKO-TEXHIUHMUI iHCTUTYT,
M. XapKiB
igorgirka@karazin.ua

OCHOBOIO TIPOMHUCIIOBOTO BUPOOHUIITBA PAJII0I130TOIIB y CBITI € ONPOMIHEHHS
BHCOK030aradyeHoro ypaHy B peakTopax. Uepe3 KOHIICTIII0 HEPO3MOBCIOKEHHS
SAJIEPHUX MaTepialliB y PI3HUX YCTAHOBKAX peaji3yloTh MPOTPaMU BHKOPUCTAHHS
HU3bKo30araueHoro ypany. [loctaBka 1 onpomMiHEHHSI HU3bK030aradyeHoro ypaHy B
VYkpaini, HalpuKiIaa, y TAKpUTHYHIN 301p1ii, 110 BBoauThes B air0 B HHI[ XTI, €
MaJIOMMOBIpHOI0. BHACIIIOK JOCHIIPKEHB MPOIIECIB HANPALFOBaHHS Paji0i30TOIIB
IpU OIIPOMiHEHH1 cTab1bHUX 130TO0MiB (Mo, Cu 1 T.11.) TaMa-KBaHTaMH 1 HEUTpOHAMHU
MOKa3aHo, 1[0 BUXOJM PaJi10130TOIIB, Kl BAKOPUCTOBYIOTh ISl MEIMYHUX IILJICH, €
MaJIUMHU Ta He€PEKTUBHUMHU JIJIsl MPAKTUIHOTO BUKOPUCTAaHHS [1].

Metorw 3anmpornoHOBaHOI POOOTH € AOCIIKEHHSI TMPOIECiB €(PEeKTUBHOIO
yTBOpeHHs Mo y Mmimeni 3 Hez0arageHoro (mpupomHoro - "U) ypaHy npu

38



OTPOMIHEHHI Y-KBaHTaMH 1 HEHTpOHAMU. AHaJI3 HAKOMUYCHUX HA JAHUH MOMEHT
JTAHUX TTOKa3y€ HEBU3HAYEHICTh €()eKTUBHOCTI BUKOPUCTAHHS HE30araueHoro ypaHy
B SIKOCTI MIIIICHEN 17151 HarpaIOBAHH Pazioi30TOIIB MPH onpOMiHeHHi HeﬁTpOHaMI/I
B[ JoKepena y BUTJISI HlI[KpI/ITI/I‘{HOI 301pKH. BmcyTHl JaHl TPO CIIBBIIHOIICHHS
BHECKIB TraMa-KBaHTIB 1 HCI/ITpOHlB y p03noz[1J1 He30arayeHoro ypaHy s
CKIHYECHHHMX PO3MIpPiB MillIeH], & TAKOX PO3MOJ1] YTBOPEHHUX 130TOMIB 3aJI€KHO BiJ
yacy ornpoMineHHs. [lepenOavaerbes 1ocmianTi eheKTUBHICTD IPOIECIB YTBOPEHHS
Mo Ta iHIMX pamioi3oTomiB (MimieHi 3i cTabiIbHUX i30TOIIB) A i AKPUTUYHOL
30ipku. [lomepenni mocmiKeHHs, MPOBEACHI HaMH, MOKa3ajiH, 10 €(eKTUBHICTb
HanpamoBanas *’Mo 3 IPUPOJHOTO ypaHy B IiAKpUTHUHIM 36ipii B 3-5 pa3is Bule,
HIXK TIPU ONTPOMIHEHH1 MPUPOTHOTO MOTIOIEHY.

Byze npoBeneHo npsime MozentoBaHHg MeTooM MoHnTe-Kapiio 3 ypaxyBaHHSIM
peanrbHOI TreoMeTpii MIAKPUTHYHOT 301pKM Ui BHU3HAYEHHS XapaKTEPUCTUK
HEUTPOHHUX MOTOKIB 1 Y-KBAHTIB, a TAKOXX KPUTUYHOCTI MIPU PO3MIIIEHHI B PI3HUX
KaHamax wimreHi 3 "™U, skuit onpomiHioeTbes [2]. [ aHamizy HamparroBaHHsI
i3oTomiB, yrBOpenux yHacuigok noxiny U i 28U, gki MIiCTATBCS B IPUPOIHOMY
ypaHi, 3 ypaxyBaHHSM 3MIHHM IOTOKIB Y-KBaHTIB 1 HEUTPOHIB B 00’e€Mi MilleHI,
OyJlyTh BUKOPUCTAHI YUCEIIbHI METOAU PO3B’si3aHHs piBHSAHb belitmana. Ha ocHoOBi
IPOBEICHOIO aHami3y Uil PI3HUX BaplaHTIB ONPOMIHEHHS OyayTh BHU3HAYEHI
ONTHUMAJIbHI ~ YacW  HalpalloBaHHS  pajioi3oTomiB. 3  BUKOPHUCTAHHSIM
MOAM(PIKOBAHOIO  METOAY  O0'€MHOr0  IHTErpyBaHHS  TOYKOBUX  JDKEpE
BUINIPOMiHIOBaHHS 1 MeToy MoHTe-Kapio Oye cTBopeHa METOI0JIOT ISl pO3paxyHKY
JI030BMX HABAaHTAKECHb BiJ] ONPOMIHEHHMX MIIIEHEH, IO JacTh MOXJIUBICTh B
ONTUMAJIbHUM CIOC10 TIaHyBaTH pOOOTY 3 ypaxyBaHHSIM HOPM pajialiiiHoi 6e3nexu
[3]. MochimkeHHs BHUKOPUCTAHHS NPHUPOJHOTO ypaHy Ta ONTHUMI3allisg YMOB
ONPOMIHEHHS K ypaHy, TaK 1 CTaOUIbHUX 130TOIIB MOKXKYTh IMUISIXU 301IbIIEHHS
00csry pagioizoTomis, y nepmry gepry °°Mo. 1li qociimkeHHs 1aqyTh MOXKIUBICT
OpraHizyBaTd BUPOOHMIITBO Pai0i30TOIIB B YKpaiHi.
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STUDY OF EFFICIENCY OF PROCESSES OF FORMATION OF
MEDICAL RADIOISOTOPES DURING IRRadIATION OF
UNENRICHED URANIUM

Girka Igor!, Azarenkov Mykola', Rudichev Volodymyr!, Rudichev Yegor'?

'V.N. Karazin Kharkiv National University, Kharkiv
’National Science Center "Kharkiv Institute of Physics and Technology", Kharkiv
igorgirka@karazin.ua

Abstract: Irradiation of highly enriched uranium in reactors is the basis of
industrial production of radioisotopes all over the world. Due to the concept of non-
proliferation of nuclear materials, low-enriched uranium programs are being
implemented in various facilities. The authors plan to investigate the processes of
efficient Mo formation in a target from unenriched (natural "U) uranium when
irradiated with gamma-quanta and neutrons for the conditions of subcritical
assembly. Previous studies have shown that the efficiency of Mo formation from
natural uranium in the subcritical assembly is 3+5 times higher than when irradiating
natural molybdenum. Direct Monte Carlo simulations will be carried out taking into
account the real geometry of the subcritical assembly to determine the characteristics
of neutron fluxes and gamma-quanta, as well as the criticality. Possibility to place
the target with "U to be irradiated in different channels will be considered.
Numerical methods for solving Bateman equations will be used to analyze isotope
activity. On the basis of the conducted analysis for different versions of irradiation,
the optimum times of the radioisotopes formation will be defined taking into account
the radiation safety requirements. Studies of the use of natural uranium and
optimization of irradiation conditions for both uranium and stable isotopes will show
ways to increase the amount of radioisotopes, especially *’Mo. These studies will
provide an opportunity to arrange the production of radioisotopes in Ukraine.

3MIHU NOBEPXHEBOI'O 3ABPYTHEHHS 30BHIIIHUX ITOBEPXOHb
KOHCTPYKUIN OB’EKTY «YKPUTTS» ¥ HEPIOA JOCIIAHO-
HNPOMUCJIOBOI EKCIIVIYATALII KOMIIVIEKCA HBK-OY

Topooeyvkuii /]. B., Ilagnoscoxuii JI. 1., Menvuienin €. A.

Inemumym npoonem 6e3nexu AEC HAH Yxpainu, m. Yopnobuns, Yrpaina
office@ispnpp.kiev.ua

I'epmeruzaiis BHyTpimHbOro 00’emy komiuiekcy HBK-OVY Bim 30BHINIHBOTO
cepenoBumia (ciuens 2018 p.), mpu3Bena 10 YTBOPEHHS y HBOMY OCOOJIMBOTO
MIKpPOKJIIMATy, SIKUA XapaKTePU3Y€EThCS BITHOCHOK IMOCYIUIMBICTIO, BIJCYTHICTIO
CYTTE€BUX CTAlllOHAPHUX MOBITPSIHUX IMOTOKIB Ta HE3HAYHWM KOJIMBAHHSM CE30HHHUX
Temreparyp. Taki yMOBH CHPUSUTH 3MIHEHHIO IHTEHCHBHOCTI HEOPTaHI30BAaHUX BHUKH/IIB
pamioakTUBHUX aepo3oiiB (PA) kpi3b OTBOPH OropoKyBalIbHIX KOHCTPYKLIM 00’ €KTa
«Yxputts» (OY), iXHbOMY HE3HAQUHOMY PO3CIFOBAaHHIO Yy TPOCTOPIi, MOCTYIIOBOMY
OCQ/KEHHIO 1 HAaKOMMYEHHIO HABKOJIO JDKEpESl BUKHIY, MEPEBaXKHO, HA IMOBEPXHSIX
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KOHCTpYKLii mokpiBens OY. Oxpim TOro, OyaiBelbHI pOOOTH, SIKI BHUKOHYBAJIUCH
NPOTATOM Tepiony AociiaHo-TipomucioBoi excrutyataiii (JII1E) kommnekcy HBK-OYVY,
CHIPHUSUTA JOJATKOBOMY HAJIXO/DKCHHIO y TMOBITps PA Ta BiINOBIIHOMY 30UIBIICHHIO
noBepxHeBoro 3a0pyaHeHHs ([13) KOHCTPyYKITiH y 10ro BHYTPIIIHEOMY 00’ €Mi.

Taxum urHOM, 32 Tiepion JII1E 1 mo Tenepimuporo gacy (11.2021 p.), Binbynoch
3HAYHE HAKOMHWYECHHS, SIK 1HEPTHOTO (HEPaJ10aKTUBHOIO), TaK 1 Pajl0aKTHBHOIO
MUY Ha MOBEPXHSX y BHYTpilTHEOMY 00’ eMi komiuiekcy HBK-OV, ske Hapasi, Bxke
CIIOCTEPIraeThCs Bi3yaldbHO. Tak, aHali3 JaHUX MOMEPEAHIX JOCTIHKEHb BKa3ye Ha
30UIBIICHHS cepeHboi MUIbHOCTI 13 MeTaneBUX KOHCTPYKIHA OeTa-aKTUBHUMH
Hykiaigamu y 9,3 pasu. Ilpu 1mpomy, macoBa yacTka muily Ha mMokpiBiax OV
CTaHOBHUTH 710 15 r/M%. AHai3 €IeMEHTHOrO XiMi4HOTO CKIaLy MUy CBIAYHUT, LIO
HOro TMOXOJ/KEHHSI € HACIIJIKOM BUKOHAHHS OyAiBEIbHUX POOIT, HA IO BKa3ye
sHauHui BMICT Ca (72,0 %,), a Takox iHmux metaiiB — Fe (15,4 %), Zn (7,5 %), Co
(3,1 %) Tomo. 3a paxyHOK BMICTY PaJlOHYKIIIJIIB, IO CTAaHOBUTH 70 580 KBK/KT -
aKTUBHUX, a Takok 10 19300 kbk/kr 6eTa- 1 raMMa-aKTUBHUX HYKIIA1B, TAKUWA MU
BIJINIOBIJIa€ KpUTEPito nepiuoi rpynu cepennboaktuBHuX PAB (OCITY-2005).

PesynbTati eKCiepuMEHTATBHUX JTOCTKEHb MOKa3yloTh, 1m0 Bij 80 1o 99 %
akTUBHOCTI cydacHoro II3 xoHcTpykuid mnokpiBens OV  cTaHOBUTH (Ppakiis
HEe(IKCOBAHOT0 3a0pyTHEHHS, SIKE MOXKe OyTH BUJIAJIEHO 3a JOIIOMOTI'0I0 ITIPOMHUCIIOBOTO
nwiococy (motyxkHictb ~ 15 klla). Takuii TeXHIYHO HECKIAJHMNA CHOCIO CyXOi
JIe3aKTUBAII] POOOYMX MTOBEPXOHb 3HAYHO 3MEHILUTH 3a0pyAHEHHS MOBITPS y POOOUiii
30H1 MiJl YaCc BUKOHAHHS JEMOHTaXy KOHCTpYKLid OV, a TakoK HaJae MOKJIMBICTb
HaAOLIbII €eKOHOMIYHO (32 HAMMEHIIMX J1030- 1 (PIHAHCOBUX BUTPAT) 310paTH 3HAYHY
KUTbKicTh PAB 17151 iXHBOTO TIOaNBIIIOT0 0€3M0cepeTHHOTO 3aX0OPOHEHHS.

Annotation: Sealing of the internal volume of the NSC-OU complex from the
external environment has led to a significant accumulation of dust on the external
surfaces of the Shelter facilities. At present, the mass of dust is up to 15 g/m?. In
terms of specific activity (580 kBqg/kg of a-active and 19,300 kBqg/kg of beta- and
gamma-active nuclides), dust belongs to the first group of intermediate-level
radioactive waste. The efficiency of using an industrial vacuum cleaner for dry
decontamination of work surfaces has been experimentally proven.

BU3HAYEHHSI ®OHOBUX PIBHIB PA IIAIIIMHUX ITAPAMETPIB, 1110
XAPAKTEPHU3YIOTh PAIIAIIMHO-TITTEHIYHUAN CTAH
HABKOJIMIIHBOI'O TA BUPOBHHNYOI'O CEPEJIOBHIIIA HA
MAHJAHYUKY HEHTPAJII3OBAHOI'O CXOBHUIIA
BIAITPAIIBOBAHOI'O AJEPHOI'O ITAJIMBA

lepencoscovkuti B. B., Maxcumenxo A. M., Menvwenin €. A.

InctutyT mpobnem 6e3neku AEC HarionansHo1 akajemii Hayk YKpaiHu,
M. HopHOOWITH
v.derengovsky@ispnpp.kiev.ua, amaksimenko@chornobyl.net,
y.menshenin@ispnpp.kiev.ua

B pe3ynbpTaTi BUKOHAHOI HAyKOBO-TEXHIYHOI poOOTH OyJI0 BH3HAYEHO (POHOBI
piBHI pamiamiiHux napamerpiB 00’ekty LICBAII, a Takox 3adikcoBaHO piBHI
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paaianiifHoro 6jJaronofyddst Ha TepuTopii po3ramryBanss Maiinanuuky LICBSII no
MOYaTKy BBEJICHHS HOT0 B €KCIUTyaTallio, 10 JACTh 3MOT'y MiArOTyBaTH 1H()OpMAIIito
JUIS. pO3pOOKHM Ta akTyauli3alii TakuX JOKYMEHTIB HEOOXITHUX JJIsI opraHizarii
paniamniiinoro kontpoito LICBAIL: Pernament pamiamniiinoro kountpomo L{CBAII,
[IpoekTHi KOHTpOJIBHI piBHI pafiaiiitHoi 0e3nexu LICBAII, [Iporpama pamiariitHoro
moHiTopuHry [[CBSAII, AaMiHICTpaTUBHO-TEXHOJOTIYHI PIiBHI  pagialliifHUX
napametpis LICBAII.

«Enepreruunoro crpareriero Ykpainu Ha nepiog 10 2030 poxy», CXBaJleHOIO
posnopsikeHHsaM  Kabinetry MinictpiB  Ykpainun Big 24.07.2013 NelO71-p,
nependayeHo OYIIBHUIITBO IIEHTPAJi30BAHOIO CXOBHINA JJIsi JIOBFOCTPOKOBOTO
30epiraHHs BIAIPaIbOBAHOTO sjiepHOro manvBa PiBHEHChKOi, XMENbHUIIBKOI Ta
HOxHO-YKpaiHChKOT AaTOMHUX €JIEKTPOCTAHIIIN.

[lenTpanizoBane cxoBUIIE BianpanboBaHoro siaepHoro nanmua (LICBAII)
peaktopiB tunty BBEP BiTunznsaaux AEC po3miinyerbes B HopHOOMIBCHKIN 30H]
BiuyxkeHHs (KuiBcbka 0071., [BAaHKIBCHKUH P-H).

CrBopennss LICBAIl 1103BOAUTH 3MINHUTH E€HEPreTUYHY HE3AJIEKHICTh
VYkpainu, BiIMOBHUBIIMCH Bif mociyr Pociiicekoi @enepanii 13 30epiranns BAI,
BAPTICTh SKUX MOCTIHHO 3pPOCTAE.

LHCBAIl npusnauene pns  30epiranHs npotrsrom 100 pokie 12010
BINpallbOBaHUX TemIoBUAUTbHUX 301pok (BTB3) peaktopis BBEP-1000 ta 4519
BTB3 peakropis BBEP-440 PiBHeHCBKO1, XMenbHUIBKOI 1 FOxHO-YKpaincekoi AEC.

Mertoto 11i€i HayKOBO-T€XHIYHOI poOOTH Oyio BH3HA4YeHHS (DOHOBUX DPIBHIB
pagialiiHuX mapaMeTpiB JIJIi MOXKIMBOCTI aHaJi3y CTYMEHS PajialliifHOTO BIUIUBY
00’exty LICBAII Ha nmepcoHan Ta HABKOJIMIIIHE CEPEIOBUIIIE, a TAKOXK (pikcallii piBHS
pamiariHoro 6yiaromoayydsi Ha TepuTopii po3ramryBands Maiganunky LICBSII no
MOYaTKy BBEJIEHHS MO0 B €KCILTyaTaIlito, 110 AaCTh 3MOTY MATOTYBAaTH 1H(OpMAIIiT0
JUIT  pO3pOOKM Ta akTyajizamii JOKyMEHTIB HEOOXIIHHMX I oOpraHi3alii
paniariiinoro koutposto [ICBAIIL, a came:

. PernamenT pamiamiitnoro koutposto [HCBAII,

*  IlpoekTHi KOHTPOJIBHI piBHI pamianiiinoi 6e3neku LICBAIL;

*  Ilporpama paaiamiiinoro monitopunry LICBAIII;

*  AIMIHICTPaTUBHO-TEXHOJIOT14HI PiBHI pamianiinux napamerpis LHCBAIL.

B pe3ynbTaTi BUKOHAHOI HAyKOBO-TEXHIYHOT poOOTH OyJI0 BU3HAUYE€HO (POHOBI
piBHI pamianiiHux napamerpiB Maiinanuuky LICBAIL, mo mpano 3mory 3podutu Taki
BHCHOBKH:

e Bemmuuna IIJ] mis mpoMMailifaHYuKiB TIANPUEMCTB Ha TepuTopii 1-i
pamiamiiHo-pexxuMHOi 30HH (10-kM 30HM YAEC), &ne 3HaxoauThCs MalJaHYuK
LHCBAII, nHe HOpMy€eThCS Aep>KaBHUMHU HOpMaTUBHUMU JoKkyMeHTamu 3 PB. Iporte,
cepenne 3HaueHHs [1]] HA MOTOYHMIT MOMEHT 4Yacy, 3HA4HO MeHIle BeauuyuHu KP,
SKAA BCTAHOBJICHO IS POOOYMX TMPUMIIICHb 3 TMOCTIMHUM TepeOyBaHHAM
nepcoHaly JJIsl MiANPUEMCTB Ha 11k Teputopii — 9 Mx3B/roa. Lleit dhakT cBiIUUTH
PO CTBOPEHHS NPUUHATHUX pamialiiHux ymoB Ha Maimanumky [HCBAII, B
KOHTEKCTI MOro po3TalllyBaHHS Ha TepUTOpii 1-1 pajiamiiiHO-peKUMHOI 30HH, SKa
XapaKTEPU3y€EThCS HA3BUYAMHO BUCOKMMU PIBHSIMU PaII0aKTUBHOTO 3a0pyTHEHHS.

Bumipsne makcumanbHe 3HaueHHs I1J[ wa teputopii LICBAII cranoBuths 0,18
MK3B/roja, B C33 - 0,28 mx3B/rox 1 B 3C - 0,53 Mmx3B/ro.
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e  (CepenHs BenMUYMHA IIUIBHOCTI TOBEPXHEBOTO 3a0pyIHEHHS IPYHTY OeTa-
aKTUBHUMH PaJIOHYKJIIJaMH (IIIJIBHICTh MOTOKY O€Ta-4acTOK) Ha MaWJaH4YuKy
LCBAII ta y CC3 cranoButh 22 6eta-4acTuHku (cM2-xB)-1, mo y 37 pa3iB MeHIIe
32 BEJIMYMHY KOHTPOJIBHOTO PIBHA JUIsl LIbOIO TMOKa3HUKA I MiIANPUEMCTB 1-i
pamiamiitHo-pexkxuMHoi 308U (10-kM 30HM). MakcuMalibHa BEJTMYMHA CTAaHOBUTH 138
Oera-4acTUHOK (CM2-XB)-1, IIO TaKOX 3HAYHO MEHIIE KOHTPOJBHOTO PIBHS IS
JAaHOT TEPUTOPIi.

o Jlna teputopiii II3PB Ta kommiekca «BekTop» BCTaHOBIIEHI Taki
KOHTPOJIbHI PiBHI 3a0pyAHEHHSI aTMOC(EepHOro MOBITPS: CepelHbOpiuyHA 00’ €MHa
aKkTUBHICTH (ycepenHene 3HaueHHs) mia 137Cs - 6.0E-04 bk/m3, 90Sr - 5.0E-04
bx/m3 ta TYE - 4.0E-04 bx/mM3 npu 00’ €MHI¥ aKTUBHOCTI 3a CTPOK €KCITO3MITT JIJIsI
137Cs - 2.1E-03 bx/m3, 90Sr - 1.9E-03 bx/M3 ta TYE - 1.5E-03 Bbx/M3. Bci
OTpUMaHI pe3yJbTaTh 00’ €MHOI aKTUBHOCTI PAJIOHYKJIIAIB Yy MPU3EMHOMY IIapi
MOBITPS HE MEPEBUIYIOTh 3a3Ha4€H1 KOHTPOJIbHI PiBHI.

e JlomycTuMi KOHIIEHTpALli paJiOHYKIIIIIB Y TUTHINA BOAl s Kareropii B
st 137Cs - 1.0E+05 bx/m3, 90Sr - 1.0E+04 bx/m3 ta 238Pu, 239Pu, 240Pu, 241 Am
- 1.0E+03 bx/m3, 241Pu - 8.0E+04 bx/m3. Bci oTpumMani pe3ysibTaTl KOHLIEHTpaIli
PaJIOHYKIIIIIB Yy JOUIOBIM CTIYHIM BOJI Ta I'PYHTOBIA BOJI 31 CBEPIJIOBHUHHU HE
NEPEBUUIYIOTh 3a3HAUYCHI IONYCTHUMI KOHIIEHTPALIl]l Yy MUTHINA BOA].

e  Ha rteputopii I13PB «bypskiska» y 2019 pori 3adikcoBaHo Taki piBHI
IHTEHCHUBHOCTI aTMOC(hEpPHUX BUTIAIHb: MakcuMaibHe 3HaueHHs 115 137Cs - 6.0E-
01 bx/(M2-n06a), 90Sr - 5.0E-01 bx/(M2-106a), 238P - 2.0E-04 bk/(M2-100a) Ta
239+240Pu - 7.0E-04 bk/(M2-nmo6a), cepenne 3nadeHHs mius 137Cs - 1.5E-01
bx/(M2-n06a), 90Sr - 2.4E-01 bx/(M2-mob6a), 238P - 1.6E-04 bx/(M2-moba) Ta
239+240Pu - 4.7E-04 bx/(M2-no6a). Bci oTpumani pe3ynbTaTH 1HTEHCHUBHOCTI
aTMOC(PEepHHMX BHIIAJIHb HE NEPEBUUIYIOTh 3a3HaueHi 3HaueHHs. [lo 137Cs nmns
toyok [12 1113 B C33 ta y 3C BiAMOBIAHI 3HAYEHHSI Mail>ke CIIBNAal0Th, & 3HAUCHHS
B toulll 11 Ha Teputopii LICBAII Hmxue maiixke B 11’ sTh pasiB. [1o 90Sr nis Touok
[12 1 I13 B C33 ta y 3C BIANOBI/IHI 3HAYEHHS HUXYE MaiKe B YOTHUPHU pasH, a
3HaueHHs B Touill [11 Ha repuropii [ICBAII Huxue Maiike B I’ aTHAAIATH pa3iB. 1o
238P ta 239+240Pu gyt rouok 12 1 I13 B C33 ta y 3C BiANOBIAHI 3HAUEHHS Mailke
CHiBIaal0Th, a 3Ha4YeHHs B Toulll [11 Ha Tepuropii LICBAII Hikue maiixke B ABa
pa3u. 3Ha4YHO HIHKYi 3HAYCHHS IHTEHCUBHOCT1 aTMOC(EepHUX BUTIAIHL HA TEPUTOPIL
[ICBAII obymoBneHi TuM, 10 Mai>ke BCS L TEpUTOPIs 3a0€TOHOBAHA YHUCTUM
OETOHOM.

DETERMINATION OF BACKGROUND LEVELS OF RADIATION
PARAMETERS THAT CHARACTERIZE THE RADIATION AND HYGIENIC
STATE OF THE ENVIRONMENT AND THE PRODUCTION
ENVIRONMENT OF THE CENTRAL SPENT
NUCLEAR FUEL STORAGE FACILITY SITE

The Centralized Spent Fuel Storage Facility (SNFSF) of WWER reactors of
domestic NPPs is located in the Chornobyl Exclusion Zone (Kyiv Region, Ivankiv
District). The creation of the CSF will strengthen Ukraine's energy independence by
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abandoning the Russian Federation's ever-increasing spent nuclear storage
services. The CSFNF is intended for storage for 100 years of 12010 spent fuel
assemblies (VIVZ) of WWER-1000 reactors and 4519 VTVZ of WWER-440 reactors
of Rivne, Khmelnytsky and South-Ukrainian NPPs. As a result of the performed
scientific and technical work, the background levels of radiation parameters of the
CSFF object were determined, as well as the levels of radiation well-being on the
site of the CSFF site before its commissioning, which will allow to prepare
information for development and updating CSF Radiation Control Regulations: CSF
Radiation Control Regulations, CSF Radiation Safety Control Levels, CSF Radiation
Monitoring Program, CSF Radiation Monitoring Program, Administrative and
Technological Levels of CSF Radiation Parameters.

3ATAJIBHI IIIXOIU 10 PEATYBAHHS HA MOJKJIMBI SIIEPHO TA
PAIIAIIAHO HEBE3MEYHI ABAPIITHI CUTYAIIT ¥ 3B°SI3KY 3
BOMOBUMM JISIMU B YKPATHI

Kazumupos O. C., lesnee C. M., Yopnuu €. B.

HemonasHo Bigomi (axiBii y raimy3i aroMHo1 eHepretuku Mukona Ll reitnoepr
ta Biktop LllenaepoBud po3MiCTHIIM CBOi JYMKH II0JI0 HEOE3MEeKH BIHCHKOBUX JIIH
Ta 3aXOIUICHHS SJIepHUX 00’ €KTIB B YKpaiHi Ha BEO-CTOPIHLI B1IOMOT0 B YKpaiHi Ta
ceiti JlepxkaBuoro HaykoBo-Texniunoro ILlentpy 3 Snmepnoi Ta Pamiamiitnoi
besneku.

Mu po3aiiaseMo iX OIiHKH cuTyarlii, mo ckiaigacsa. Cam pakt BIHCBKOBUX il
Ha 00’€KTax, IO € JpKepelaMu sJIepHOi Ta pajiaiiifHoi Oe3neku, abo MICTAThH
1HIyCTplajbHl JpKepena 10HI3YI0UOTO BUIIPOMIHIOBaHHS, MOXE TMPU3BECTH 0
KOMYHaJIbHOi 200 HaBITh TPAHCTPAHUYHOI aBapii.

Hapasi B Ykpaini € HopmaTHBHa Ta MeTOAW4YHA 0a3a II0J0 BIPOBAIHKCHHS
KOHTpaBapiiHUX 3axo0/iB. AJjle BOHAa HE MOJXKE IOBHICTIO BUKOPHUCTOBYBATHUCS Y
BUITAJIKaX, KOJIM BUXI1IHI MO/I1i aBapii aOCOMOTHO HE Tiepen0adyBaHi.

Pazom 3 1mum, BKe ICHylOYa CHCTEMa MPOTHABApIMHUX 3aXO/IB MOXe OyTu
BUKOPHUCTaHA JIJIs IEPIIIOYEProBUX JIiH MO paialliiiHOMY 3aXHCTy HACEICHHS 32 MEKaMHU
KOHTPOJIBOBaHO1 30HH. [IpH 11bOMY MO’KHA BUKOPHCTOBYBATH BIKE BITPOBAKCHI METOTH
MIPOTHO3YBaHHS PO3MOBCIO/DKEHHS palioakTuBHUX BUKUIIB AEC y moBKiLIL.

VY Bumanky pyiHyBaHHS siiepHO abo paniaiiiiHo-HeOe3NMeYHoro 00’ eKkTa, mpo
SIK1 WIIIJIOCS BUIIE, HA HAI TOTJISA HEOOX1THO PO3IIISAaTH HOTO HACTIAKH SK PaHHIO
CTaJIi0 pajiaiiitHoi aBapii BianosiaHo 10 HPBY-97:

«/1.4.7.1 Tlepion pannvoi ¢hazu TPUBANICTIO BiJ IE€KUIBKOX TOJUH JI0 OJHOTO-
JIBOX MICSIIIIB TIICTISl TOYATKY aBapii Mae HACTYMHI OCOOJIMBOCTI:

(a2) MPUCYTHICTL Yy  HABKOJIMIIHBOMY  CEPEJOBHUINI  KOPOTKOKUBYUHX
padionykaidie, BKJIIOYAIOYN PATIOAKTHUBHI OJAropojHi rasu, siki OOYMOBIIOIOTH
BHUCOKI IHTEHCUBHOCTI 1 IpaJl€HTH raMMa-ToJIiB;

(0) mpu 3HAYHUX BHKHUAAX PATIOI30TONIB HOAY 6 paHuiu ¢pazi aBapii
BUJIUIAETHCS TaK 3BAHUM ti0OHULL nepiod, Ha TIPOTSI31 IKOTO ICHY€ cepiio3Ha 3arpo3a
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HAJXOKEHHS 1HTAJAIINHO 1 3 MPOAYKTaMU XapuyBaHHS B OpraHi3M JIOAUHH LIUX
PaodioHyknidis 1, IK HACIJIOK, ONMIPOMIHEHHS IITUTOBU/IHOI 3aj1031 0C10 3 HaCEJIeHHS,
0COOJIMBO HITEH;

(B) moBepxHeBe  3a0pyAHEHHS  MACOBHI,  CIHOKOCIB, a  TaKOX
CLIbCHKOTOCTIOAAPCHKOT MPOTYKIIIT.»

[{e mmpoke BU3HAUEHHS, IKE CTOCY€EThCs Baxkkoi aBapii Ha AEC. B 3anexHocTi
Bin THMy 00’ekTy (Hampukian, cxoBuiie PAB) ioro Tpe6a BHUKOPHCTOBYBATH
BIIMOBITHUM YHUHOM. AJie, IK MIHIMyM, MIJMYHKT (B) BITHOCUTBHCS JJI BCIX THIIIB
00’ €KTIB 1 JIUIAETHCS 000B’ I3KOBUM.

3a3HaueHl XapaKTepUCTHKU MOXIJIMBOI aBapli MOTPeOYyIOTh ONEPaTUBHOTO
BU3HAUCHHSA. PekoMeHmarii Ha Takui BUIAJOK MICTATHCS Y OCHOBOIIOJIOKHHUX
nyomikamisx MAT'ATE [1, 2] ta nHamioHanspHux myoOumikamisx. KpiMm 1meoro, B
VYkpaiHi TaKoX B)K€ HAKOMUYEHUN BEJIUKWUM JAOCBIJ pOOIT 3 JIIKBiJalll HACTIAKIB
aBapii Ha HAEC, a TakoX 3 MOHITOPUHTY PaJll0OaKTUBHOTO 3a0pyTHEHHS JOBKLIIIS
Ta xapakrepusamii PAB. HeoOXximHO cucTteMarnu3yBaTh MIDKHApPOJHUN Ta
HalllOHAJILHUM TOCB1J JIJISl TIIITOTOBKUA POOOYUX METOIUK BUKOHAHHS BIAMOBITHUX
BUMIPIB 3 BHUKOPHCTaHHSIM HasBHOTO Ha CbOrojaHi oOnagHaHHs. [lpu npomy
HEO0OX1THO MaKCHUMaJIbHO BUKOPHUCTOBYBATH BXKE ICHYIOUl Yy PI3HUX OpraHizalisx
TEXHIYHI Ta METOJUYHI 1HCTPYMEHTH, PO3POOUTH OCHOBHI BHUMOTH JO HOBHUX
HEOOXIIHMX TEXHIYHMX Ta amnapaTHUX 3aco0iB, sKI MOXHA CTBOPUTH Y
MaKCUMaJIbHO KOPOTKiI TepMiHHU. {5 mporo tpeba omnepaTuBHO CTBOPUTHU TPYIy
CHELIAJIICTIB, KA MOE y3araJlbHUTH HasBHI PECypcH Ta BUAATH Ha iX OCHOBI
BIITIOBIJTHI peKOMEHAITIi.

3 cBoro 0Ooky cmiibHa rpyna ¢axiBuiB IHctutyty mpobiem Oesneku HAH
Vkpainu ta TOB HBII «AtomKommekclIpunaa» Moxe 3anporoHyBaTH TOCUTH
IUPOKHHM CIEKTP ampoOOBaHUX Ta BIPOBAIKECHUX Yy OaraThbOX OpraHizamisx
VkpaiHM NpuiagiB Ta METOAMK BUKOHAHHS BHMIPIOBAaHb. IX MOHA YMOBHO
pO3ALIATH Ha Taki rpymu (MPU IIbOMY MOKHA PO3MISIATA 1 MOMKJIUBOCTI O1BII
HIMPOKOTO BUKOPUCTAHHS ):

* OmnepaTvBHI 3acO0M BUSABJICHHS pajiallifHUX aHOMaliil Ta XapakTepu3allii
pamiariitHoro 3a0pyaHeHHs 00’ €KTIB TaMMa-BUIIPOMIHIOBAYaMHU:

— IMopratuBHuii perictpatop cnekrpiB [IPC-01. Ileit mnpuman moxe
BUKOPUCTOBYBATUCS SIK OINEPATUBHUN JO3UMETP, M03BOJsie MmBHUAKO (Oimst 1
XBWIMHM) BUSBIISITH aHOMaJii, 10 Ha JEKUIbKa TMPOIEHTIB MEPEBUILYIOTh
pamiamiinuii  GoH y paiioHI BUMIPIB, BUKOPUCTOBYBATUCSA [JIi KOHTPOJIIO
TPAHCIOPTHUX 3ac001B, METaJ00PYyXTy, MPOBEACHHS paAialliiHOrO MOHITOPUHTY,
HAIMPUKJIAJ] BU3HAYATH TYCTUHY paiallifHOrO 3a0pyJHEHHS MOBEPXHI TPYHT Ta
IHIIIMX TTOBEPXOHbB; MPUJIa] BHKOPUCTOBYBABCS JIJIS POBEACHHS BUMIPIOBaHb Y 30H1
BiquyxeHHss YUAEC, nepeBipeHuii y pealbHUX yMOBax Ta MOCTaBiICHUN 10 SAmoHii
s BUKopucTaHHs micis aBapii Ha AEC y mpedektypi @ykymuma. Metoauku
BUKOHAHHS BHUMIPIOBaHb 3aTBEP)KEHI Yy BCTAaHOBJIEHOMY mopsaky. llpu
nigkmoueHHi A0 [IK BuKOHyeThcs aBTOMaTH4YHA OOpOOKA CHEKTPIB TaMMma-
BUMNPOMIHIOBAaHHS 3 BU3HAYEHHSIM HAsABHUX PAJAIOHYKIIAIB Ta iX aKTUBHOCTI MpHU
BUKOPHUCTAHHI Y PEKUMI BUMIPIOBAHHS TYCTHHU TTOBEPXHEBOTO 3a0pyJHEHHS a0o B
SKOCTI MOJBOBOTO CIIEKTPOMETPY J1JIsi BU3HAUEHUX F€OMETPIN 3pa3KiB.
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— CuvHTHUIALIMHUN  cnekTpoMeTp Tramma-BunpomiHioBanHs CEI'-001m
«AKII-C» «JlicoBuk» mnpuU3HAYEHUW [JIs1 MPOBEIECHHS EKCIPEC-KOHTPOJII Ha
HETIEPEBUILCHHS TMPUIYCTUMHUX PIBHIB 3a0pyIHEHHS CUIHLCHKOTOCTIOAApYOi
npoAyKiii Ta rpubiB, Aroa Ta iH., MO po3dacoBaHl y MEPBUHHY Tapy (SIIUKH).
Pesynbrat  BUMIpIOBaHb  OOpOOJIAIOTBCA  CHEIiaJbHUM  MPOTPAMHUM
3a0e3MevYeHHsAM Ta JOKYMEHTYIOThbCcs. Yac BUMIpIOBaHHS [Jii OJHOTO SIIIMKA
Macow y 16 Kr He mepeBUIIY€E 5 XBHIIMH.

— Cnexktpometpu BunpomiHoBanHs moanan « CUY-AKID» npuzHadeni ais
BU3HAYEHHS BMICTY PaJiOaKTHUBHUX T'aMMa-BHIPOMIHIOIOUHUX PATIOHYKIIAIB Y
Tl moauHu. [lpu3HadeHi A8 ONEPaTUBHOIO 1HAWBIAYaJbHOTO KOHTPOJIIO
nepcoHaly Ta HaceleHHsA. MeToauka BUKOHAHHS BUMIPIOBaHb 3aTBEpJKEHA y
BCTAHOBJICHOMY MOPSAKY. Yac KOHTPOIIO OJHOT JIIOAUHU — AEKUJIbKA XBUJIUH.

— CnektpomeTrp ramma-unpominioBandsi CEI-001m  «AKII-C»-TPO
NpU3HAUYECHUM J/JIsi BU3HAYEHHS 130TOMHOrO CKJIaJy Ta aKTUBHOCTI TraMma-
BUIIPOMIHIOIOUMX PaAloHYKIIB y TBepaux PAB mepmioi Tta apyroi rpynu 6e3
B1100py Mpo6 6e3nmocepeIHbo Y MakyHKax pi3Hoi ¢popmu. Bin BrpoBamkeHuit Ha
Bcix AEC VkpaiHu Ta MOXK€ 3aCTOCOBYBATHCS IS MOAIOHMX pOOIT Mija 4ac
JIKBijaIii HaCJiIKiB aBapii.

* P03po0KH, 10 BUKOPUCTOBYIOThCA Ha Aitounx AEC:

— CucteMH KOHTPOJIO AKTHBHOCTI TEIJIOHOCIS TEpPIIOr0 KOHTYpYy Ta
KOHTPOJII0 MUTOMO1 aKTUBHOCTI pigkux PAB, mo BcraHoBieHI Ha Maiike BCiX
JIOYHMX peakTopax, pe3yibTaTh poOOTH UX MPHUIIAJIB MOXKYTh IaTH BUX1HI JJaHi
ISl OL[IHKY 3aIacy aKTUBHOCTI P1JIMH.

— Metoau KOHTPOJIO TNIMOMHM BUTOpaHHS SAEPHOTO MalMBa, L0 TAKOX
MOXYTh OyTH BUKOpPUCTaHI JJIs IUIAHYBAHHS MOXJIMBHX pOOIT MO JIIKBlAAIIi
aBapiil Ha eHeproOoKax ado CXOBHUINAX BIAMPAIbOBAHOTO SAECPHOTO MAIHUBA.

Bci BkazaHi mpuiagd BUKOPUCTOBYIOTH aBTOMAaTHYHY OOpOOKY JaHUX
criektpomeTpii 3a momomoroto [IBM. Ilporpamui 3acobu mpounuim HE0OXiaHY
Baiijaiio Ta Bepudikaiio. MeToaquku BUKOHAHHS BUMIPIOBaHb 3aTBEPKEHI Y
BCTAHOBJICHOMY MOPSIIKY.

[Ipo Taki Ta iHmI po3poOku m00pe o6i3HaHi npenctaBuuku AEC, ane
plLIEHHS MPO iX BUKOPUCTAHHS MOKE MPHUHMATHCS JIMILIE MEPCOHAIOM, L0 Ma€
peanbHy 1H(OpMaIiI0 PO XapakTep apapii, 1m0 BiAOyIacs BHACIIAOK 0OCTpLIY
a0o0 1HIIIOTO BTPYYaHHS Y HOPMaJIbHY POOOTY YCTaHOBOK.

CnucoKk BUKOPHCTAHUX JIKepeJ

1. Generic procedures for monitoring in a nuclearor radiological emergency,
(IAEA-TECDOC-1092);

2. Generic Assessment Procedures for Determining Protective Actions During
a Reactor Accident (IAEA-TECDOC-955).
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IHCTPYMEHTH CTPATEI'TYHOI'O INTAHYBAHHSI JJI51
BITHOBJIEHHSI TEPUTOPIH, HOCTPAKIAJTAX BHAC/ILAOK
BONOBUX AIN

Kosanenxo Anopiu, Caxanv Okcana

JlepxaBHa yctaHOBa «[HCTUTYT €KOHOMIKH IPUPOIOKOPUCTYBAHHS TA CTAJIOTO
po3BuTKy HamionanbHO1 akagemii Hayk YKpaiHu»
[HcTuTyT 3emniekopuctyBanHs HarionanbHoT akaieMii arpapHuX HayK YKpaiHu,
Kwuis
komisar@bigmir.net, o_sakal@ukr.net

The paper highlights modern instruments of strategic planning for the
restoration of areas affected by hostilities in Ukraine. A description of the destruction
and damage to housing, social and transport infrastructure of territories and
settlements, industrial and agricultural sectors, as well as threats to the lives of
citizens from the remnants of explosives are submitted. It was emphasized that in
addition to urgent action to eliminate the threat and assess the consequences, it is
necessity to develop programs for rehabilitation and sustainable development of
affected territories using strategic planning instruments. The role and place of the
newly created National Council for Reconstruction of Ukraine from the effects of
war, the main tasks of which are to develop an action plan for postwar reconstruction
and development of Ukraine, identify and develop proposals for priority reforms and
preparation of relevant strategic initiatives and draft of normative legal acts, are
analyzed. The latest legal decisions on improving the instruments of strategic
planning for the reconstruction and development of territories and communities are
studied. The problem of military wastes and the need to take it into account in
solution of international approaches to the formation of a closed-loop economy and
sustainable development are characterized.

Bracnimok 60M0oBUX il pEerioHW Ta HACENCeHI MyHKTH YKpaiHu (30Kpema, i
3HAaYHA YaCTUHA YOPHOOMIIBCHKHUX TEPUTOPIi) 3a3HAIM ICTOTHUX YIIKOKCHB. Tak,
3a moBimomieHHsIMU y 3MI Ta Ha odimiiHUX BeO-caliTax periOHAIBHUX OpPTaHiB
neprkaBHOI Biiaau, y KuiBebkiit o6macti 3aranom 3aikcoBaHO pyHHYBaHHS Y TIOHA]
25 700 OyxaiBenb Ta COPY, CEpel AKX — KUTIIOBI OYJIMHKH Ta COIllalibHI 00’ €KTH:
HaBYAJIbHI  3aKJaJM, JUTAYl CaJKH, JIKapHI, IHIIN OO0’€KTH KPUTHYHOI
iHGpacTpykTypu. Ha HamioHanbHOMY pIBHI CTBOPIOETHCA JIEP)KaBHUM PEECTP
MOIIKO/[>KEHOTO/BTPau€HOr0 MaliHa.

Okpim OynaiBenb, uepe3 BIMHY 3HAYHO TOCTpaxKJaaja TpaHCIOpPTHA
iHDpacTpykTypa YKpainu: nomkomkeHo 23 573 km gopir, 6 300 kM 3aii3HUIIb,
289 aBTomMOoO1ITPHMX 1 41 3ami3Huyduii  mict. Pobotu 3 1i  BIOIHOBJIEHHS
noTpeOyBaTUMYTh OJTHOTO-IBOX POKIB, a IEPIIIOYEPTOBO BOHU IPOBOJATHCS B MEKAX
HACEJICHUX MYHKTIB. 30Kpema, Ha TepuTopii IBaHKIBCHKOI TEPUTOPiaIbHOT rpoMaau
Oyno momkomkeHo 12 mocti. 3arasom y KwuiBchkiii 00macti BX€ BiTHOBIICHO
npoi3a 22 MTYYHUMH CIopyaaMu 3 24, 1110 OyJy TOIIKOKEH] 1] 9ac 00HOBUX i
Ha aBTOMOOUTEHUX JIOPOTax 3araibHOTO KOPUCTYBAHHS.

47



[Toctpaxknana iHdpacTpyKTypa TNPOMHUCIOBUX O0’€KTIB, KIIOYOBUX JJIs
3a0€3MeUYeHHs] PEerioHaNbHOI 3aMHATOCTI Ta MICBKOTO TOCIOAApCTBa — 30KpEMa,
YopuooOunscbkoi AEC, YepHniriBcbkoro acanbTHOrO 3aBOJy, SKMM MOCTayvaB
acanpTo0eTOHHY cyMiml Juisi micta CnaBytud. Uepe3 MiHHY HeOe3neKy 3HA4YHO
YCKJIaJTHEHE ITPOBECHHS ClIIbChKOTOCIIOAapChKUX poOiT. [Ticis okymarii HaceIeHuX
NYHKTIB 3aJUIIAETHCS 3arpo3a )KUTTIO TPOMasSH 3 OOKY 3aMINKIB OOENMpHUIIaciB Ta
BUOYXOHEOE3MEUHUX MTPEIMETIB.

Yce BuIe3a3HauCHE, OKPIM HEBIIKIAIHUX 1N 11010 YCYHEHHS HeOe3MeKu Ta
OLIIHKM HACIIJKIB, POOUTh HaraJbHUM pO3pOOJICHHS NpOrpaM BIAHOBICHHS Ta
CTAJIOTO PO3BUTKY MOCTPAKIAIUX TEPUTOPIM 3 BUKOPUCTAHHSIM 1HCTPYMEHTIB
CTpPATEriuHOTO IIaHyBaHHS.

[Ipesunentom Ykpainu y kBiTHI 2022 p. yrBOopeHo HamioHanbHy pany 3
BIJIHOBJICHHSI YKpaiHM BiJ HACIHIJIKIB BiifHM, OCHOBHUMH 3aBJaHHSIMHU SIKOI €
PO3pO0JIEHHS IUIaHy 3aXOAIB 3 MICISIBOEHHOTO BITHOBJICHHS Ta PO3BUTKY YKpaiHH,
BU3HAYCHHS 1 HAaIpaIOBaHHS MPOMO3UIIA W00 MpIOPUTETHUX pedopMm Ta
I1ICOTOBKA BIMIOBITHUX CTPATETIYHUX 1HIIIATHB 1 MPOEKTIB HOPMATUBHO-TIPABOBUX
aktiB. Pagma Bkitouae 23 poOoui rpynH, 30KpeMa, 3 MUTaHb: ayJIUTy 30UTKIB,
MMOHECEHUX BHACIIOK Bii{HU; BIIHOBJICHHS Ta PO3BUTKY €KOHOMIKH; B1JIHOBJICHHS Ta
po30y10BHU 1IHPPACTPYKTYpH; OYIIBHUIITBA, MICTOOYAyBaHHS, MOJICpHI3allii MICT Ta
perioHiB; ekosioriyHoi Oe3meku [1]. Po3poOnenuii mix erigoro Pamu  Takwmii
CTpaTeriuHO-TJIAHOBHM JOKYMEHT, SIK IporpaMa BiTHOBJICHHs Y KpaiHU, MOKEe CTaTh
OCHOBHMM 1HCTPYMEHTOM MIATPUMKHA MIXKHAPOJHOK CIIUJIBHOTOK — IPOLECY
PEKOHCTPYKIIii IUIIXOM MO€EJHAHHS TPAHTIB 1 MO3UK. 32 YMOBH BKJIIOUYEHHS TaKOi
nporpamu A0 Oromxety €C MOXIMBO 3a0€3MEUUTH MPO30PICTh, MiJ3BITHICTh Ta
HaJlliHE OopraHi3aliiiHO-(piHaHCOBE YIIPaBIIHHS UM JOKYMEHTOM.

CTpiMKHUI pO3BUTOK CUTYAIlli BOEHHOTO CTaHy B YKpaiHi Ta YMCJICHHI OB’ s13aH1
3 UM pYHHYBaHHS 3yMOBWJIM BIAMNOBIJIHI MPABOBI PIIEHHS MO0 BJIOCKOHAJIEHHS
IHCTPYMEHTIB CTPATET14YHOTO IUIAHYBAaHHSA JJI BIIOYIOBU Ta PO3BUTKY TEPUTOPIH 1
rpoman. Tak, Ypsgom 3atBepmkeno [lopsimok BUKOHAHHS HEBIAKIAAHUX POOIT
1010 JIKBiAAIll HACHIKIB 30poiiHO1 arpecii Pociiicbkoi denepartii, moB’a3aHux 13
MONIKOPKEHHAM Oy 1iBenh Ta criopy/l [2] Ta [lopsiiok BUKOHAHHS pOOIT 3 IEMOHTAXKY
00’€KTIB, MOMIKOKEHUX a00 3pyHMHOBAHWX BHACIIIOK HAA3BUYAWHUX CUTYaIlli,
BOEHHUX ]I a00 TEPOPUCTUYHUX aKTiB [3].

OcTaHHIMU 3MIHaMH1 /10 3aKOHOJIAaBCTBA, 1[0 HAOpaiu YMHHOCTI B 4epBHi 2022
p., 3 METOIO CIPHUSHHS BIJHOBJICHHIO TEPUTOPIM 1 BIOCKOHAJIEHHS CTPATErI1YHOIrO
MJIAHYBaHHS iX PO3BUTKY BH3HAUEHO MPABOBI Ta OpraHizailiiiHi 3acaaud BiJ0y10BU
3pyHHOBAaHUX TEPUTOPIid, CIPOIEHO MPOLEAYPH PO3MIIICHHS TUMYACOBUX CIIOPY
JUTSI IPO’KUBAHHS BHYTPILIIHBO MEPEMILIEHUX OC10 Ta 3MIHU LIIbOBOTO MPU3HAYEHHS
3eMEJIbHUX  JIJISTHOK, BpEryJIbOBAaHO TMUTAaHHA PO3MIIIEHHS BUPOOHUYUX
MNOTYHOCTEH PETOKOBAHUX MIANPHUEMCTB, a TaKOX YBEICHO TaKe MOHATTH, SIK
porpaMa KOMILJIEKCHOTO B1THOBJICHHS 00J1aCT1, TEPUTOPIT TEPUTOPIaIbHOT pOMaan
(i wactuHM) — oOnacHa abo MicleBa mporpama BiJHOBJICHHS TEPUTOPIH, sKa
BH3HAYa€ OCHOBHI MPOCTOPOBI, MICTOOY/I1BHI Ta COLIAIbHO-€KOHOMIYHI MP1OPUTETH
IMOJITUKA BIJHOBJIEHHS 1 BKIIOYAac KOMIUIEKC 3ax0miB Ui 3a0e3medeHHs
BIJTHOBJICHHSI TEPUTOPIi BIAMOBIIHOI 00J1aCT1, TEPUTOPIi TepUTOpiaIbHOi rpomanu (ii
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YaCTHHHU), AKa MOCTpaXaajia BHACIIIOK 30pOiHOI arpecii mpotu YKpainu ado B sKii
CKOHIICHTPOBaH1 COIliaJIbHO-€KOHOMIYHI, 1H(QPACTPYKTYpHI, €KOJIOT1YHI YM 1HIII
KpU30BI1 sBUIIA [4].

Ob6macHa mporpama po3poOJSETHCS BIAMOBIIHOIO OO0JIACHOIO JIEPKABHOIO
aAMIHICTpAIlIE}0 CaMOCTIHHO ab0 13 3allydeHHSM BIAMOBITHUX  (paxiBIiB
MIPUEMCTB, YCTAaHOB, OpraHi3allli Ta 3aTBEP/KYETHCSA BIAMOBITHOI O00JACHOIO
paznoto. [TonoxeHHs 3aTBEPIKEHOI MPOTPaMU KOMILIEKCHOTO BiIHOBJIEHHS 00J1aCTi
€ CKJIQIOBUMH BHXITHUX JaHUX JJII PO3POOJICHHS TMporpaM KOMIIJIEKCHOTO
BIJIHOBJICHHSI HACEJIECHUX IYHKTIB (TepUTOpiH). AHAJIOTIYHO PO3POOISETHCI Ta
3aTBEP/KYETHCS] BIAMOBIMHOIO PAI0I0 TIporpamMa KOMIUIEKCHOTO BiJTHOBJICHHS
TEPUTOPIi TEPUTOPIaIbHOI rpoMaau (ii YaCTUHHM).

OpraHamMu Jep>KaBHOI BJIAJM ONEPATUBHO 3M1MCHIOETHCA pPO3poOKa Ta
MPUHHATTS HU3KH METOAUYHHIX 1HCTPYMEHTIB, 110 JAIOTh 3MOTY IPUMATH PIllIEHHS
II0JI0 OLIHKM IMOUIKOJKEHb 00’€KTIB, BTPAT 1 30MTKIB JJIs1 IPUPOJHHUX PECYPCIB,
aTMOC(EpHOro MOBITPS Ta PO3POOJICHHS MpOTrpaM BITHOBJIEHHS 1 pO3BUTKY. Tak,
MiHiCTepCTBOM pO3BUTKY TpoOMaj Ta TEpUTOpPi YKpaiHM HJiE BUKOPUCTAHHS
oOcTeKyBayamMH, a TaKOXX BJIACHUKAMHU YM YIPaBUTEISIMHU 00’ €KTIB, CUIbCHKUMU,
CCIUIITHUMHU, MICBKHMH pajaMy, MICIEBUMU a00 BIMCHKOBHUMH aJMiHICTpaIisiMU
3aTBep/KeHO MeToauKy oOcTexeHHsT OyIiBelb Ta CIOPYJ, MOIIKOHKEHUX
BHACJIIOK HAJ3BUYANHUX CUTYaIliil, 00MOBHUX JIii Ta TEPOPUCTUYHHUX AKTIB, KA A€
3MOTy MTPOBOJUTH OOCTEKEHHS 3 METOIO OOTPYHTYBaHHS PIIIEHb IIOAO MOJAJBIIO
eKCIUTyaTalii MOIIKO/KEHUX 00’€KTiB. MIHICTEpCTBOM 3axXUCTy JMAOBKLUIS Ta
NPUPOAHUX  pecypciB  YKpaiHMm  3aTBeppKeHO  METOauKy  pO3paxyHKY
HEOPraH130BaHUX BUKHUAIB 3a0pYyIHIOIOYMX PEUYOBHUH 200 CyMIlIl TaKUX PEYOBUH B
atMoc(epHe MOBITPSI BHACTIJOK BUHUKHEHHS HAJ3BUYAWHUX CUTYyalll Ta/abo mij
yac Jii BOEHHOIO CTaHy Ta BHU3HAYEHHS PO3MIPIB 3aBAaHOI IIKOAM, a TaKOX
MeTonuKy BU3HAUYEHHS pO3MIpYy LIKOAM, 3aBJIaHOI 3€MJll, IPyHTaM BHACIIJIOK
HaJ3BUYAHUX CHUTYyalllil Ta/abo 30poiHOi arpecii Ta OoioBuX Ail mig yac mii
BOEHHOT'O CTaHy.

VY pesynbTaTi 60MOBUX A1l HA TEPUTOPIAX 1 B HACETEHUX MYHKTaX YTBOPHIIACS
3HaYHA KIJIBKICTh «BIJIXOMIB BIMHW» — 3aJIMIIKIB 030POE€HB 1 BIHCHKOBOI TEXHIKH,
peIITOK BiJ 3pyHHOBaHMX OyxiBenb Tomo. [Ipm 1bOMY BHHHMKAIOTH HOTPEOU:
BPETYJIIOBaHHS MEPEPOOKH METaIo0pYyXTy, YTBOPEHOTO BHACIIIOK OOHOBUX Iiii;
BUKOPUCTAHHA BIIXO/IB 3HOCY 1 IEMOHTaXXy OyaAiBesb, KOOPAUHALII 1M YYaCHHUKIB
npoliecy MOBOJKEHHS 3 HHUMH; BpaxyBaHHS EKOJIOTIYHMX AacCIeKTIB yTHIII3alli
030pO€EHHS Ta BINCHKOBOT TexXHIKU. OueBUAHO, crieiudiuHi TpoOIeMH TOBOIKEHHS
3 BIAXOJaMHU BIMHU MAarOTh BUPIIIYBATHUCA B PYCIHl €BPONEUCHKUX 1 MIKHAPOIHUX
NIIX0IB 10 (pOpMyBaHHSI €KOHOMIKM 3aMKHEHOTO LIMKIY Ta CTaJIOTO PO3BUTKY, a
TaKOXK BPaxOBYBaTHUCA IMPHU JIOOMpPALIOBAaHHI 3aKOHOMNpPOeKTy «lIpo ympaBiiHHS
B1IXOJIaMU», 1110 TepeOyBa€e Ha PO3TJIsAl B TapJIaMEeHTI.
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COPBUIMHE OYUIIEHHS PAJIOAKTABHO 3ABPYIHEHUX BOJI
KHCJIOTHO- TA MEXAHOAKTUBOBAHUM MOHTMOPWJIOHITOM

Kosanvuyx 1. A2 Cnacvonosa JI. M7, 3axymescokuil O. 1!

HacturyT copbuii Ta mpodiaem engoexonorii HAH Vkpainn,
’HarioHansHuii TeXHiYHUN yHiBepeuTeT YKpainu “KuiBChKuii MOTiTeXHIUHMMA
iHcTUTYT IMeHi Iropsa Cikopeskoro”, Kuis, kowalchukiryna@gmail.com

The most common technology used for contaminated water purification from
trace amount of toxicants is adsorption because its efficiency, flexibility in design
and cost effectiveness. The peculiarities of using acid and mechanochemical
activation methods to increase the sorption capacity of clay mineral -
montmorillonite in relation to heavy metals and radionuclides are considered. Both
acid activation and mechanoactivity treatment result in the changes in surface
properties of the clay minerals, such as, porosity, meso- and micro structure and
distribution of active sites. The adsorption of radionuclides (cesium, strontium,
uranium) of both on the acid activated and mechanoactivity montmorillonite is
increasing. There is a significant increase in the selectivity of the sorbent for the all
radionuclides. Thus, both acid and mechanochemical activation are effective
processes to increase the adsorption capacity of clay minerals against heavy metal
ions and radionuclides.

B texHomorisx ouuleHHs 3a0pyJIHEHUX BOJ COPOIIMHUM METOJ OYHIICHHS
BUKOPHUCTOBYIOTH JIJIsl BUJIAJICHHSI CI1I0BUX KUIBKOCTEN TOKCUKAHTIB. 3aCTOCYBaHHS
OPUPOJHUX TJIMHUCTHX MIHEpATIB TMOB’si3aHE 3 I1X JOCTYIHICTIO Ta HHU3BKOIO
BapTicTiO. J[y1s1 miABHILIEHHS! COPOIIIHOI 31aTHOCTI TIMHUCTUX MIHEpaTiB IIUPOKO
BUKOPHUCTOBYIOTh METOAU (PI3UYHOTO Ta XIMIYHOTO MOAM(IKYBaHHS IOBEPXHI.
KucnorHa akTuBaiis 13 3aCTOCYBaHHSM JCIIEBUX MiHEpaIbHUX KUCIOT [1], TOHKE
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JUCTIEPTyBaHHA 13 3aCTOCYBAaHHSIM EHEPrOHAINPYXEHUX arperariB [2] crnpusitoTh
MIJBUIIICHHIO TMOBEPXHEBOI AaKTHUBHOCTI TJWHUCTHX MIHEpPaTiB 1, BIJMOBIIHO,
30UJIBIIICHHIO iX COPOLIMHUX XapaKTEPUCTHK.

Jnst gocnmipkKeHHsT BUKOPUCTOBYBAIM TVIMHHCTHM MiHepan Yepkacbkoro
ponoBuIlla YKpaiHu - MOHTMOPHUIIOHIT. KHCIIOTHO-aKTUBOBaHI 3pa3Ku OJEPKyBalu
00OpOOKOI0 MOHTMOPWJIOHITY PpPO3YMHAMU a30THOI Ta COJSHOI KHUCIOT MpHU
HarpiBaHHi. MeXaHOXIMIYHY aKTHBAIll0 MOHTMOPHWJIOHITY MPOBOJIWIN 3
BUKOPHUCTAHHSAM IUJIAHETapHOTO MJIMHA BIPOJIOBXK 1 - 8 TOAMH.

B pe3ynbpTaTi KUCIOTHOT 00pOOKH MOHTMOPHIIOHITY 3MIHIOETHCS IOTO ME30- Ta
MIKpPOTIOPHUCTA CTPYKTYpa. ¥ KUCIOTHO-aKTHBOBAHOTO MOHTMOPHJIOHITY BHACIIIOK
YaCTKOBOT'O PO3YMHEHHS MOT0 OKCUIHOI CTPYKTYPH 3HAYHO 3MIHIOETHCS TOPUCTICTH,
B1J1I0yBA€THCS 301IbIICHHS OLIbIIE HIK BJIBIYl TUTOMOI TOBEPXHI, @ TAKOK KUIBKOCTI
Me30- 1 4YacTkoBO Mikponop. JloBrorpuBasa oOpoOKa MOHTMOPHIIOHITY
KOHLIEHTPOBAaHUMU PO3YMHAMH HEOPTraHIYHUX KUCIOT IPH MIABUIIEHIN TeMIiepaTypl
IPU3BOIUTH JI0 3aMILIICHHS MIKITIAPOBUX KaTiOHIB MOHTMOPHIIOHITY Ha IpoToHn H.
B mopanemomy BiIOyBa€eThCS CTPYKTYpHA JErpajailis 1 BUWIYTOBYBaHHSI KaTIOHIB
Mg** Ta, B Menmiii mipi, AI** i Fe*" i3 okraempuunux citox minepany. Kucnorna
aKTHBAIlisl MOHTMOPUJIOHITY MPUBOJMUTH JI0 301IBIIIEHHS HOTO COPOIIHOT 31aTHOCTI
II0JI0 KATIOHIB I1€3110, CTPOHINIO Ta ypaHy. [lpu 1mpomy BiIOyBa€eThCcsl 3HAUHE
3pOCTaHHS CEJIEKTUBHOCTI COPOEHTY /IS BCIX paJioHyKIiA1B. Bennunuu copOrii Ha
KHCJIOTHO-aKTUBOBAHOMY MOHTMOPHJIOHITI 3pocTaroTh st uesito Big 0,05 mo 1
MMOJIb/T, cTpoHiito Big 0,07 no 0,5 mmous/T, ypany Big 0,05 1o 0,1 MmoJib/T.

JInsi MOHTMOPWJIOHITY TpPH TOPIBHSHO HEBEIUKIM 3a €HEpPri€l0 BIUIMBY 1
TPUBAJIOCTI MEXAaHOXIMIUHIN 00poOIi BIAOYBAIOTHCA 3MIHM MUTOMOI MOBEPXHI Ta
MOPUCTOI CTPYKTYPH, IO NPOSBIAIOTECA y AedopmMallisix caMux TETpaeaApUYHUX 1
OKTaeJApPUYHUX CITOK €JIEMEHTAPHUX ATIOMOCHIIKATHUX MakKeTiB. [{uTpuronanbHi
JYHKH KPEMHEKHMCHEBHMX CITOK Ha MOBEPXHI TNIMHUCTUX MIHEpaJiB MPONOPLIHHI 3
po3MipaMu BENUKHUX KaTiOHIB JIyKHUX MeTaniB. Lleil ¢dakTop € BU3HAYAIBHUM Y
MIJBUIICHIA CEJICKTUBHOCTI MOHTMOPIJIOHITY 10 10HIB 1e3it0. Ilpm ToHKOMY
JUCTIEPTYBaHHI BiIOYBA€ThCSI (POPMYBAHHS «PO3MYIICHUX» O1YHUX Tpaneu. [lpu
IIbOMY 3pOCTa€ IUIOIA JIErKOJOCTYIHHUX Ui ioHiB '*’Cs IiNsSHOK MOBEPXHi y
MDKIIIAPOBOMY TPOCTOP1 MiHEpaNiB MOOJM3Yy OIYHWUX TpaHEW, IO MPUBOAUTH JIO
30UTBIIIEHHST BeTMauH copOItii [2]. EdexkTuBHICTh OUUIICHHS 3a0pyJHEHUX BOJ Bij
ioniB 3’Cs s3pocrae Big 52 % mo 99 %, Bim ioniB *°Sr Bim 80 mo 86% mHa
MEXaHOXIMIYHO aKTUBOBAHOMY IPOTATOM | TOJ MOHTMOPHUJIOHITI.

TakuMm 4YMHOM, SIK KMCJIOTHA, TaK 1 MEXaHOXIMIYHA aKTUBalld € e(PEeKTUBHUMU
nporiecaMu Jijisi 30UIbIIeHHS aACOpPOIIMHOT 3JaTHOCTI TIMHUCTUX MiHEpasiB 1100
10HIB Ba)KKUX METAaJIIB Ta PaJIlOHYKJI1IIB.
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Annotation. The article presents the results of the continuation of the previous
work [1, 2] using the NSC hydraulic state model developed by the Institute of Technical
Thermal Physics of the National Academy of Sciences of Ukraine to analyze the low
air outlet outside the NSC and in the section of the casing of the ventilation shaft of the
auxiliary systems of the reactor compartment (ASRC). The application of the NSC
hydraulic state model based on operational data for 2020-2022 made it possible to verify
the leakage areas and obtain the dynamics of changes in the unorganized release of air
with radioactive aerosols (low release) from the main volume of the NSC into the
environment at an arbitrary wind direction and velocity. According to the obtained
scenarios of climatic data, flow rates of ventilation units and RA concentrations in the
main volume (MV) of the NSC (Bg/m?®), the model of the NSC hydraulic state was
applied to estimate high release through the NSC ventilation stack and low release under
the western, eastern walls of the NSC and at the site outer skin of the ASRC ventilation
shaft into the environment. The results show that the low release of air with radioactive
aerosols for all scenarios is below the limit values for the monthly release of radioactive
aerosols from the NSC (MBg/month). A high release is within the permissible limits of
the monthly release of radioactive aerosols from the NSC, with the possibility of further
reducing it by reducing the consumption of exhaust air ventilation units from the MV of
the NSC by 10%.

Jlns 3a0e3nedeHHs O€3MEKHM TMEPCOHANly, HACEJICHHS Ta HAaBKOJUIIHBOTO
cepenoBuiia Hosuit besneunnit Kondaitnment (HBK) Yopuoounbcbkoi AEC mae
30BHIIIHIO 1 BHYTPIIIHIO OOOJIOHKH, SIKI HE € aOCOJIIOTHO repMeTHYHHMHU. He
a0COJIFOTHO TE€PMETUYHHMMU € TaKOXK MICIlS YIIUIbHEHHS 1] 3aX1IHOI0 Ta CX1JHOIO
crinamu HBK 1 moBepxHsiMu OyiBeTbHUX KOHCTPYKIIM, a TaKOXK cami OyaiBeIbHI
KOHCTPYKIIi M IMMU CTiHAaMU. BUTpaTu opraHi3oBaHUX MOTOKIB MOBITPs (BUCOKI
BUKHUJM) BUMIPIOIOTECS, (DUIBTPYIOTBCA 1 PETYNIOIOTHCA, B TOM dac SK
HEOpPraHi30BaHI MOTOKMA (HU3bKI BUKHAM), SKI CTAHOBJIATh HEOE3MeKy s
OTOYYIOYOTO CEpPEJOBHINA, HE BHUMIPIOIOTHCA, HE (UIBTPYIOThCA 1 ci1abo
perymoroTthcsi. B HBK € psan mpunaniB BUMiprOBaHHS TepenajiB THUCKY MIiX
BHYTPIIIHIMU 00’€MaMH 1 OTOUYIOYMM CEPEAOBUIIEM JAJISi KOHTPOIO 1 MIATPUMKHU
HEO0OX1THUX THUCKIB B KiibiieBoMy mpocTopi (KII) 1 ocHoBHOMY 00’eMmi (OO) HBK,
ajie HeMae MPUJIaAiB ISl KOHTPOJIKO HU3BKOTO BUKHUIY MOBITPS Kpi3b 3aximaHi (33) 1
cxigni (C3) 3a3opu 3a mexi HBK B otouytoue cepenosuiie (OC) (puc.1).
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MeTtow pod0TH € 3aCTOCYBaHHS PO3POOJEHOT MOJEII TiAPABIIYHOTO CTaHY
HBK nns ananizy 3HauYeHb HU3BKOTO BHUKHAY TMOBITPS 3 PalilOAKTUBHUMU
aepo3ossimu (PA) 3a mexxi HBK Ta Ha auistHIil oOMIMBKYA BEHTINAXTHAOMOMIXKHOL
cucremu peakrtopHoro BiaaineHus (JJCPB) Il uepru ronosnoro kopnycy YHAEC.

OcHoBy KOMIT'IOT€pHOI Mojeni TigpasiiuHoro crany HBK cknamae piBHSHHS
bepnysii, sike BUIO3MIHEHE i MOTpeOM po3paxyHKy TiapasiiuHoro crany HBK i
onucaHa B po6oTi [1,2], sika 3a TOMOMOT0I0 €KCIUTyaTallliHUX BUMIPIOBaHb MepenaiiB
TUCKY 1 BUTpAT BEHTWIALIIMHUX YCTAHOBOK JI03BOJIsIE O€3MepepBHO BU3HAYATH BUTPATH
MIOBITPS SIK B CepeAnHy, Tak 1 3a Mexi1 HBK npu A0BUTbHUX HampsMKax 1 MIBUIAKOCTSIX
noBiTps, sike ooTikae HBK. Bona Bkmouae B cebe 06’emu KIT 1 OO, 3 30BHIIHIX
3B’s13ku KII-OC 1 2 30BHImHIX 38’513k OO-OC, OO-JICPB Ta 1 BHYTpiIIHIi 3B’ 30K
Mk 00’emamu KIT 1 OO. 3 ypaxyBaHHAM reomerpii 00’€KTy Ta BIIIMIHHOCTEH IpH
oOTiKaHH1 MOBITpAM okpeMux ckianoBux HBK, 30BHIIIHI 3B’s3kM OyiM MOALIEHI
3T1IHO MOBEPXHSM, Ha AKUX 3HAXOAATHCS MICLSA IPOTIYOK MOBITPSL.

CXIIHA 1
CTIHA HBK

I ; ;;

Puc. 1 — Po3ranryBanHs Miclib NPOTIYOK MOBITPs 3 PA B 0TOUyIOUE cepeloBHILE
(>xoBTuii kouip) Ha (hoto HBK Ha cxianiii (a) croponi HBK, a Takox Micus
pO3TalIyBaHHs NPOTIYOK HA 30BHIMIHIN IUIsiHI oOmmBKY BeHTaxTu JJCPB (6)

Jlst mepeBipku TOYHICTH Mojeni TiapaBiaiyHoro ctany HBK OGyno mpoeneno
BepHU(QiKalilo MOJENi, M 4Yac AKOi po3B’s3yBajucs oOepHEeHi 3agadi Ta Oynu
pospaxoBani 3HaueHHs mwiont npotivok 00-33 0,95 m?, O0-C3 3,58 m? ta KI1-OO
7,09 M? B MicUSX OPOTIYOK OCHOBHOrO 00’emy mix crinamu HBK Ta Ha minsnuoi
o6mmBku Bentmaxtu JICPB. Ilnoma npotivok OO-ICPB i3 ocHOBHOrO 00’emy
HBK B orouytoue cepemoBuiie Ha IuisHII oOmmBku BeHTmaxtu JJCPB, ne He
3a0e3MeYeHo KPUTEPilil repMeTH3allii €mey=0,001 M*/M, tipuitnsita 0,349 m? [3].

TakuM 4YMHOM [UIsi MOJICTIOBAHHS 1 BHUKOHAHHS OLIHKA HEOPraHi30BaHOTO
(HU3BKOTO) BUKHAY Ta OpPraHi3oBaHOrO (BHCOKOIO) BUKHAY TOBITps 3a Mexi HBK
BITPOJIOBXK MICSIISL TIPH PI3HUX PEKAMax poOOOTH CHCTEM BEHTWIALI, BH3HAYEHUX
cuenapisimu JICIT YAEC (muB. cuenapii 1, la 1 160 Hmxk4de) mig 4ac HOPMaIbHOL
excrutyarailii cucreM BeHTWIAIT OO HBK wa munstHin oOmmBky Bentmaxta JICPB
poh17IbOBAHUM JIUCTOM, OYJIM BUKOPHCTaH1 HAUTIPIII 3 TOUKU 30PY «HU3BKOT0» BUKUTY
HAIpsSIMU Ta CEPeTHHOPIUHI IIBUAKOCTI BITPY 3 BUKOPUCTAHHIM JAHUX CEPEIHBOPIYHOL
po3u BITpiB,- 1yt 28 mHiB 4,2 M/c Ta 2 aui 0 M/c (trmub). Hanpsimok Bitpy asist 30 mHIB
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3a/1aBaBCs BIATMOBIIHO JO MMOBIPHOI BIPOTIAHOCTI 3a pik [4], 3araipHa BUTpara 3-x
OCYIITyBJIbHUX YCTAaHOBOK 11 HarHiTanHs B KIT 75000 M/ron, a i 2-x - 50000 m>/rog.
Edexrusnicts ounctku PA HEPA dutbtpamu y ButsbkHii cuctemi HBK uist criienapiiB
la, 16 cranoBUTH 99,99%, a st cueHapito 1 (6e3 pubTpiB) — 0%.

Cuenapin 1. pexxum HOpMaJbHOI eKcITyaTalii cuctemu BeHTW ST OO 0e3
HEPA oinsTpi, BY mnpamtorors npotsirom 7 roauH Ha 100y aepo30JIbHOTO
3a6pyaHenHs < 40 bx/M> 1o B-BUIIPOMIHIOIOUNM PagioOHYKIiqaM

Cuenapin_la: pexxuM HOpMaITLHOI eKcrutyatarlii cucteM BeHTW DT OO 3 7-ma
HEPA ¢instpamu, B KII B poboti 3 ocymryBanbHi ycTaHOBKH, BCi BY mpaitioroth
npoTAroM 7 TOAWH Ha 100y, BUKOHAHHS Oy1BEILHUX POOIT 3 IEMOHTaXy HECTaOUTbHUX
KOHCTPYKIiK 00’exkty ykpurtsi (OY), BHUKOHAHHS JAEMOHTKHUX POOIT MpHU
aeposonsHOMY 3abpymmenHi <210 Bbrx/M’, BY mnpummsHOi BenTmmauii OO
BIJKJIFOYAIOTHCS, & CHCTEMHU BUTSKHOI BEHTUIIAILIT IEPEBOJSATHCS B ABaPIHUI PEKUM.

Cuenapiu 16: pexxuM HOpMaJIbHOI eKcIUTyaTalii cucteM BeHTwisii OO 3 7-ma
HEPA ¢inerpamu, B KII B poGoti 2 ocylryBajibHI YCTaHOBKH, ae€pO30JIbHE
3abpynHeHHs mig 4ac geMoHTaxyOV <210 Bx/M® no B-BUIpOMiHIOOUMM
pamionykiigam, BY npummsHOi BeHTHIIANIT OO 1 CHCTEMU BUTSI)KHOI BEHTHJIALIT
TakKi X, AK B clieHapii 1a.

B pesynbrati 3actocyBanHs mojeni rigpasiniunoro ctany HbK nis cyenapiro
1 orpumaHo Bucokuit BUkuj 3848,3 Mbk/mic., HU3bKU BUKU/I, BKJIIOYAIOUN BUKHU/T
yepe3 oOmuBKy BeHTaxtu JACPB -31,93 Mbrx/mic. [Ina cuyenapito la orpumano
BUCOKUM BUkua 2,01 MBx/mic., HU3bKU BUKUI, BKIIOYAIOUU BUKU] YEPE3 OOIINUBKY
BeHTIIaxTH JICPB - 166,84 Mbr/mic./Ins cuenapito 16 oTpuMaHO BUCOKUN BUKHU]
2,01 Mbx/mic., HU3bKUI BUKHUJ BKJIIOYAIOUM BUKHUJ Yepe3 OOIIMBKY BEHTIIAXTH
JNCPB -11,25 Mbx/mic.

BucnoBku: 1. Po3pobneno mozgens rigpasiiudoro crany HBK pis anamsy i
MPOTHO3YBaHHSI HeopraHizoBaHoro mnoBiTpooOMiHy HBK 3  HaBkomumiHiM
CepeloBHUINEM B MicIax mpoTikanHsa min ctinamu HBK 1 Ha mimsHIN oOmMBKH
BeHTmaxTt JJCPB npu 10BUIbHOMY HanpsIMKY 1 IIBUAKOCTI BITPY.

2.3acrocyBaHHS MojeNi 3a ekciutyaTariinumu nganumua HBK  mgo3Bosmso
BH3HAUMUTH IUIONI TPOTIYOK sK mmijx crinamu HBK, Tak 1 Ha AiasgHI OOIIMBKH
BeHtmaxTu JICPB, a Takoxx mpoBecTr aHami3 TUHAMIKK 3MIHU BUTPAT IIPH 3aJaHUX
CIieHapisiX poOOTH BEHTWIALIMHUX YCTAHOBOK 1 pajiallifHOTO 3a0pyaHEHHS
ocHoBHOro 00’emy HBK.

3. AHani3 po3MISIHYTUX CLEHapiiB IMOKa3aB, IO BUKUAM TOBITPS 3 PA He
MIEPEBUIIYIOTh 03HAYCHUX JOMYCTUMHX MEX JIJIST BHCOKOTO 1 HU3bKOTO BHKH/IIB.

Cnucok BUKOPHCTAHUX JIKepeJ

1. Kpykoscobkuii 1. I', Cxnapenko . I, Hsamromko €. B., Kongparenko C. O.
AHaJi3 HeopraHizoBaHoro nopiTpooominy Hosoro besneunoro KondaiinmeHnty 3
OTOYYIOUHUM  CEpEOBHILEM (nonepenHi pe3yibTaTH  MOJCNIIOBaHHS  3a
eKCHHyaTaI_III/IHI/IMI/I gaHuMH) // V MDKHapoaHA KOH(bepeHum «[Ipobnemu 3HATTA 3
eKCIUTyaTalii 0O0'e€KTIB sIIEPHOI CHEepreTHKH 1 BIJHOBJICHHA HAaBKOJHUIIHbOTO
cepenosuima» INUDECO, 27-29 ksiths, 2020 p., M. CnaByTHnu, Ykpaina. — ¢.109-
117.
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2. Kpykoscwkuii I1. I'., Cxnspenxo /. 1., Hsnromxo €. B., Konnparenko C. O.,
Ky3emenko B. I'. Anami3 1 kepyBaHHS HHM3bKHM BHKHJOM TOBITPS 13 HOBOTO
Oe3neyHOro KoH(pailHMeHTa B OTOYyloue cepenoBulle. 30ipHUK MarepiaiiB
VI Mixunapoanoi koHpepeHItii B pexxumi oHnaitH «[Ipodiemu 3HATTSA 3 eKcIuTyaTarii
00'€KTIB sIEPHOI EHEPreTUKH 1 BIJHOBJIEHHS HABKOJMIIHBOTO CEPEIOBUIIAY,
INUDECO 2021, 27-29 xBitasa 2021 p., m. CnaByTnu, Ykpaina, ¢. 137-140.

3. AHanM3 TEPMETUYHOCTH OCHOBHOTO 3ammrtHOoro coopyxenuss HBK Ha
COOTBETCTBHUE TPEOOBAHUSIM MPOEKTHOU AOKyMeHTanuu. [losicHuTenbHas 3amucka. 37c.

4. Otuer mo aHanmu3zy Oe3omacHocTH 3Kciuryatanuukomiuiekca "HBK-OVY"
[Ipunoxenne Al  Xapakrepuctuku npomiuiomagkukomiuiekca HBK-OVY.
[Tpunoxenue Al. Xapakrepuctuku npomMiomaakukomiuiekca HBK-OV: (Otuer) /
JNA3B  Vkpainm JEPXABHE CIIEHIAJII3OBAHE TIIIITPUEMCTBO
"YOPHOBUJIbCHKA AEC",- 2020,- 21 c.

MOJAEJIOBAHHSA EKOJIOTI'TYHOTI'O CTAHY TEPI./.ITOPIi 3A
TOYKAMU-ITKEPEJAMHU IHOOPMAIIII

Kpsorcuu Onvea

[HCTUTYT TenexkoMyHiKalii 1 robansHOro iHpopmariitHoro npoctopy HAH
VYkpainu,
M. KuiB, Ykpaina,
CX1qHOYKpaiHChbKMI HAlllOHAIBHUM YHIBepcUTeT IMeH1 Bomoaumupa lans,
M. CeBepoIOHEIIBK, YKpaiHa,
economconsult@gmail.com

[Ipu po3pobIi crocoOy JOCHIIKEHHSI €KOJIOTIYHOTO CTaHy TEpUTOpli mpu
TEXHOT€HHOMY 3a0pyaHEHHI Ta arpo0baliii mporpaMHoi peasizarlii (Ha 1o OTpUMaHo
naTeHT YKpainu [1] Ta CBIONUTBO MPO aBTOPCHKE MPABO HA MPOTPAMHUNA MPOIYKT
[2]) 3 camoro modatky poOOTH BEJIHCS 3a JIBOMA HaMpsSMKaMH — JOCIIKCHHS
MIrparii pa/iioi30TOMy BOJHIO TPUTIIO Ta PO3MOBCIOKCHHS XIMIYHUX PEUYOBHUH Ha
MOBEPXHI IPYHTY TEXHOTEHHO HABAHTAXXCHHUX TEPHUTOpPidA. 3a 0OOMa HampsMKamMu
OJIHIEIO 13 3aJ1a4 JOCJIIPKCHHS BUCTYIIAJIO MUTAHHS MiHIMI3allii TOUOK 3a00py mpoo,
HEOOX1THUX I OTPUMAaHHS JJaHUX 11010 3a0pyAHEHHS TEPUTOPIi, MPH MiABUIIICHHI
TOYHOCTI OMIUCY TEPUTOPIi MPOrpaMHUM 3aCOO0M.

Meta po0oTH: HOCTIIUTH MOXIIMBICTb MOJICIIOBAHHSI PO3BUTKY HEOE3NMEUHUX
CUTYallll 32 OKPEMHMH TOYKaMH 3 JOCTOBIPHOIO 1H(OpMAIli€l0 Ha MEBHUI MOMEHT
yacy.

Hocmimkyroun y 2013-2015 pokax HaWOUIbII TEXHONEHHO HaBaHTaXKEHI
tepuropii Jlyrancekoi 1 JloHenpkoi oOnacteit VYkpainu, OyJ0 MNpOBENEHO
MOJEIIOBaHHs [3] PO3BUTKY MOMKJIMBUX BHOYXOMOXXEKHUX CHUTYyalllll BEIHKUX
HOIANPUEMCTB  XIMIYHOT  MPOMHUCIOBOCTI. MojentoBaHHsI  IPOBOAMIIOCS 32
JIOTIOMOTO10 TpOrpaMHOro BupoOy «IIporHo3yBanHs Ta OIliHKa HAC1AKIB KaTacTpod
3 XIMIYHOIO PEUYOBHHOIO Ha 00’ €KTax 30porHUX cuil YKpainwy». J{onaTkoBi 3MiHH 710
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MoOJeNieil BBOOWIMCA 32 YMOB HEBH3HAUEHOCTI, fKI BHHHUKIMA Yepe3 MOYaTOK
30poiHOro KOH(IIKTY Ha TEPUTOPIi 3a3HaAUYEHUX 00JIacTeH.

Hanpuxknan, na teputopii JloHenpkoi o6acti 3 00Ky pi3HOMaHITHUX TPyIl
OOMOBUKIB-TEPOPUCTIB JIYHAJIW BUMOTHU BiABecTH Biiickka HarioHanbHOi rBapii
VYkpainu, ab0 BOHM MiAipBYTh HasiBHUM Ha ['OpJIIBCHKOMY Ka3eHHOMY XIMIYHOMY
3aBOJIl TPOTHJI, IO MPHU3BEAE 0 3HAYHMX pyHHAIIM 3a MeXaMu MiANPUEMCTBA,
3okpema — Ha [TAT «Konuepn «Ctupoiy, 10 CIpUYMHUTH MacIITa0HY €KOJIOTTYHY
KaracTpody He JINIIe y PETioHi, a i 3a ioro Mexxamu. HaBesieHa cuTyartis € 9iTKuM
NPUKIAIOM TPEICTaBICHHA 1H(pOpMAaIii 3a YMOB HEBHM3HAUYE€HOCTI — € JaHi
MOTIEPETHIX POKIB Mpo HasiBHICTH Ta KUTbKICTh 3/]JOP Ha [TAT «Konnepn «Ctupom»
Ta [OpJIBCBKOMY Ka3eHHOMY XIMIYHOMY 3aBOAl, CYNYTHHKOBa 1H(QOpMaLis
MOTOJHUX YMOB B PET10HI, Ta ONKC CUTYyallli 3acodaMu MacoBoi iHdopmarii. Mozaenb
PO3BUTKY 3a3Ha4€HOT CUTYyaIlii Oyja moOyoBaHa Ha OCHOBI iH(OpMaIlii 3 BIAKPUTUX
JoKEepesl BIIHOCHO aBapiHUX CUTYallli, 10 BUHUKAJIA Ha BKa3aHUX 00’€KTax Ta 3a
MIJCYMKaMHU MOJIbOBUX JOCIIDKEeHb, 0 Oyyu mpoBeaeni 20-22 kBitHs 2012 p. 3a
pe3yibTaTaMu MOJICIIOBAHHS TIPEJACTABJICHA Bi3yallizallisi, Ha SKii CEKTOpOM
BH3Hau€Ha 30Ha po3noBcrokeHHs xmMapu CIIOP.

CydacHe CbOTOJECHHS J0JAa€ CBOi KOPEKTUBU B PO3YMIHHS aKTyaJbHOCTI
3a3Ha4Y€HOI TEMU: MU HE 3HAEMO, 1110 BIIOYBA€ETHCS, ajl€ MOKEMO MIPOTHO3YBAaTH Ha
OCHOBI TOrO, IIIO €.

JUist AOCATHEHHS MOCTaBJIEHOT METH Mpu 300pi Ta 0OpoOIl JaHUX CIijl
3a0€3Me4YnTH TOBHOTY, HECYNEepEewIMBICTh 1 CBOEYACHICTH 1H(OpMAILii, IO
BUKOPUCTOBYETHCS TPU MOJENIOBaHHI, W0 Yy Ppa3l MporpaMHOi peami3amii
3a0€3Me4nTh )KUBYUICTh 1H(POPMALIIHHOT CUCTEMU B Haci.

XKupyuicTe 1H(pOpMALIAHOT CUCTEMHM MOXHA BU3HAYUTU 4Yepe3 KaTeropiro
peneBaHTHOCTI 1HGOpMaIlli, sSiKa HAJAAEThCS, ajie HE MPOCTO SAK 11 BIJAMOBIAHOCTI
notpedaM KOpPUCTyBaya, a SIK MOXIIMBICTh MPEACTABUTH MOBHY Ta HECYNEpPEUHY
1H(pOopMaIlito B MEeKax 3MIHU MMOJIi1 HA YaCOBOMY BiJIpi3Ky. BpaxyBaHHS BUKIaJI€HOTO
JI03BOJISIE JTOCHITHUKY TOOYyBaTH BIACHUM NUIAX JOCTIIKCHHS, SIKUW OUIBII
IIIXOUTH IS pealti3allii MoCTaBICHUX 3a/1a4.

Buxoasun 3 po3yMiHHS HaIIAHOCTI CKJIaJIHOT CHCTEMH, MOXHA BUBECTH
PO3yMIHHS )KHBYUYO1 CHCTEMHU SIK BIPOT1THOCTI, 1[0 CUCTEMA BUKOHAE CBOIO (DYHKITIFO
3aJI0BUTbHO (YCHIIIHO) Ha BIJIPI3KYy Yacy ¢ + At, 3 BpaXyBaHHAM MOXKJIUBUX 3MiH
BIUIMBY P13HOMaHITHUX (akTopiB 3a yac At. JIjist moOy0BU MOJE KUTTE3AATHOL
CUCTEMHU B Yacl CJiJ PO3IJISHYTH BIUIUB KOMIIOHEHTIB CUCTEMU 32 KPUTEPIEM «yCIIX
— BiAMOBa (HeBAauda)». [HAMKATOp ycHiXy JUisl JESKOTO KOMIIOHEHTY — JBOICTa
BUIMAJKOBA 3MIHHA X, fIka BKa3y€ CTaTyC KOMIIOHEHTA, 10 JOCIIIKY€EThCs. X; = [
nependadae KOMIIOHEHT CHUCTEMH, SKWW Tpalfoe ycmimHo, X; = ( Bka3dye Ha
KOMITOHEHT CHUCTEMH, KM CTaB MPUYMHOIO BIIMOBHU. BekTop crarycy cucremu —
BEKTOP CKJIAJ0BHUX 1HIUKATOPIB CTATYyCy, IKU MOXKHA OOYAyBaTH, SIK:

X: ()(1, Xg, veey Xn)

[cHy€ 2, MOKIIMBOCTI peajizallii IbOro BEKTOPY B Yaci AJIsl OMHUCY KUTTE3AaTHOT
MOJIEJIl CHCTEMH Yepe3 CTaTyC yCmixy ado BiIMOBH (HEBIaYl).
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OCKUTBKY KUTTE3AATHICTH CHCTEMHU MOXE Oy TH MPECTaBIeHA K (QYHKIIISI 9acy
(1 1iHdopmarrii, ska HAXOAWTh 3a IIEW Yac), TO poOOTYy Takoi CHCTEMH MIOIIIBHO
MPEACTaBUTH K 3a7a4y MOJICIIOBAHHS BIPOTIAHOCTI PO3BUTKY JESIKOI CUTYyallli B
yaci.

VY SKOCTI BHCHOBKY MOKHA 3a3HAYMTH, 10 HAWOUIBII MPHUPOJIHIM 3aC000M
3BY>KE€HHS HEBU3HAYEHOCTI 4YaCOBOT'O IHTEPBAIY € MOJLT HOro Ha IeKUIbKa YacTHH 3
HACTYITHUM OOYHUCJICHHSM 3HA4Y€Hb IITLOBOT (DYHKIIIT y By3J1aX CITKH.

[Ipote, 3po3ymijio, 10 CUCTEMA Ji€ HE JIUIIE Ha SKOMYCh BIIPI3KY Yacy, a 1 Ha
MIEBHIN BifICTaHi, BiApi3Ky. OCOOIMBO 11€ CTOCYEThCS CUTYaIliid, KO 00pOOISETHCS
iHpOpMaIlis €KOJIOTIYHOTO MpHU3HAUYCHHS. MOJENIOIUN €KOCHCTEMY, BPaXxOBYIOTh
K 4ac, TaK 1 IpOCTIp, /e PO3BUBAETHCS Ta UM 1HILA OIS, 3BUYANHO, 10 HE 3aBXKIH
B 3a3HAUYEHIM TOYLl CHUCTEMA PYyXaTHUMEThCS JIHIKHO 1 PIBHOMIPHO, SIKI BIJICTaHI
MOBUHHI 1ICHYBAaTH MK AaTdyukamu (mxepenamu iHpopmanii) S;, mo0 iHGopMmarisd
PO CHCTEMY HaIXOWJa TIOBHOIO, CBOEYACHOIO, aKTyallbHOIO, III0 BUMarae BBECTU
JI0 PO3IIISLy KpUTEPIii BiJCTaHI.

Cnucoxk BUKOPHUCTAHOI JiTepaTypu

1. [Tarenr VYkpainn Ha kopucHy Mozenb 113110. Cmoci6 mociimkeHHs
€KOJIOTIYHOTO CTaHy TEepUTOpIi npu TexHoreHHomy 3a0pyaeHHHI / O. O. Kpsixuy,
O. B. KoBanenko // 3apeecTpoBaHO B JEp>KaBHOMY PEECTPI MATCHTIB YKpaiHU Ha
kopucHi mozeni 10.01.2017.

2. CBIIOLTBO TMpO pEeCTpallilo aBTOpchbKoro mnpaBa Ha TBIp Ne 67750
«Komm’rotepHa mporpama 3 peanizaiii cnocoOy omucy 3a0pyJHEHOi TepHuTopii
«BunagkoBa touka» («BunagkoBa Touka (Random point)»). ABtropu: Kpsoxuu
0. O., KoBanienko O. B. [lata 3asBku: 12.07.2016. Jlara peectparii: 12.09.2016.

3. 'eomopeni B 3aBAaHHAX €KOJIOT0-€KOHOMIUHUX OI[IHOK 3eMenb: MoHorpadis
/ C. O. Hosruii, I'. . Kpacoscekuii, B. B. Paguyk, O. M. Tpodpumuyk Ta iH. // 3a
pen. C. O. Hosroro. — K. TOB "Bunasuuirso "FOcton". —2018. — 256 c.

MODELING THE ECOLOGICAL SITUATION OF THE TERRITORY BY
POINTS OF INFORMATION SOURCE

O. Kryazhych

When developing a method for studying the ecological state of the territory in
case of technogenic pollution and testing the program implementation, from the very
beginning, work was carried out in two areas — the study of migration of tritium
hydrogen radioisotope and the distribution of chemicals on the soil surface of
technogenically loaded territories. In both directions, one of the tasks of the study
was to minimize the sampling points required to obtain data on contamination of the
territory, while improving the accuracy of the territory description by software.

The model of the development of the situation was built on the basis of
information from open sources regarding emergency situations. Based on the results
of modeling, a visualization is presented on which the sector defined the zone of
distribution of a cloud of hazardous substances. Now this is gaining more relevance.
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As a result of the active phase of military aggression on the part of Russia, high-risk
objects are destroyed.

Dynamic development of the system will require an increase in information
sources, and accordingly, information will not only increase statically, but also be
checked by comparison from different sources. The most natural way to narrow the
uncertainty of a time interval is to divide it into several parts and then calculate the
values of the objective function in the grid nodes.

TEXHOJIOI'TA HEPEBOAY PAAIOAKTUBHO 3ABPY/IHEHOI'O
METAJIY B EKOJIOTTYHO BE3INEYHUI CTAH 3 BAKOPUCTAHHSM
BJACTHUBOCTI IPUPOIU 1O CAMO3AXHUCTY

Mawunicmos Bikmop, banakun Banepuu

[HCTUTYT TPOMUCIIOBUX Ta O13HEC TEXHOJIOTH YKpaiHCchkoro JlepkaBHOTO
YHIBEPCUTETY HAyKH 1 TeXHOJIOT11, mpocnekT ["arapina 4, 49600, m. J{ninpo,
nmetau.edu.ua

Anortanisi: [Tokazana npyUHIIMIIOBA MOXKJIUBICTD MEPEBOAY Pai0AKTUBHO
3a0pyJHEHOTO METaJIy B €KOJIOT1YHO O€3MeyHuid cTaH. 3a3HayeHa mpobiiema
BUPIIIYETHCS MIJITXOM BUKOPHUCTAHHS BIACTUBOCTI MPUPOJHU A0 MPOTUPATIALIAHOTO
CaMO03axHUCTy, OCKITbKH 3aKOHH, SIKUM BOHA MiAMOPSAIKOBY€ETHCS, YCYBaIOTh BILJIUB
Ha JIIOJIMHY Takoro HeOe3neyHoro (akTopa, K 10H13yr4a paaiarlis

o6 P3M craB pamianiiiHo Oe3reyHUM, MPOTOHYETHCS WOTr0 po3IiaBUTU. B
Mpolieci TIaBICHHs paJioHyKIau 3 moBepxHi P3M nepexonsate B 00'eM po3IUIaBy.
B pe3ynbTati yTBOPIOETHCS TBEPAE 3aAKPUTE JIKEPENO 10HI3YI0UO1 pajiallii, B SKOMY
3Ha4yHa 11 YaCTUHA IMOTJIMHAETHCA.

PamiamiitHo-ekosoriyHa ~ Oe3meka  3MUTKY — 3a0€3MedyeThes  IUIIXOM
pEryJItOBaHHS KUTIBKOCTI raMma-BUIIPOMIHIOIOUUX-PATIOHYKITIIB, 10
3aBaHTAXYIOTHCS B TUIABUIIBHY ITiY.

Kpim TOro, mpakTUYHO [JOJATKOBO HE 3a0pYyJIHIOETHCS HABKOJUIITHE
CepeIOoBHIIE, a TEPUTOPIi i 00'ekTH, HA sSKKUX 30epiraBcs P3M, cTatoTh €KOJOTIYHO
OE3MEeUYHNMU.

Knrwuoegi crosa: pagioakTUBHO-3a0py THEHU N MeTaJl, TaMMa-BUIIPOMIHIOBaHHS,
30BHIIIIHE OPOMIHEHHS.

Beryn.

Ha cborojiHi 10CTaTHHO rOCTPO CTOITh MPOOIEMA IOBOKEHHS 3 PallOaKTUBHO
3a0pyaHeHuM MmetanioMm (P3M), o Hakonmu4yeThCsl IPU €KCIUTyaTallii pajiaiiitHo-
ANEepHUX O0'€KTIB, aBapii Ha HUX, @ TAKOX Y 3B'SI3KYy 3 iX JEMOHTaXEeM IMICIA
BUPOOJICHHS CBOTO PECYpCy.

[lepeBuILieHHsI MOKA3HUKIB 3a0pyAHEHOCT] MaTepiaiiB BIHOCHO JIOIYCTUMOTO
piBHSA pOOJATH HEMOXJIMBUM 1 iX TOJajbllle BUKOPUCTAHHSI MO TMPIMOMY
npu3HaueHH0. OTxe, i 00'€KTH TMOBHHHI BHBOJWTHCA 3 €KCIUTyaTarlii, Imo B
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noJajibllioMy TOTpeOye BHpIIIEHHS psAy MNHUTaHb BIAHOCHO 1X yTHJII3alii,
30epexkeHHsT Ta 3axopoHeHHA. [Ipy 1bOMy Ha BCiX eTanax MOBOJKEHHS 3 HUMU
HE0OX1THO 3abe3reuyBaTh padialliifHy Oe3MeKy HaceJICHHsS Ta MEPCOHATy 00'€KTIB,
HEJIOMYIIEHHS!  JOJATKOBOTO  PaJiOaKTUBHOTO  3a0pyJIHEHHS  MPUPOJIHOTO
cepelloBUIlla B MICUAX iX 3HaxomkeHHA. [Ipu 1mpomy, sik mokaszana arpecis Pocii
npoTH YKpaiHu, HEOOXIJHO CTBOPIOBATH YMOBH, 00 siAepHI MaTepiaau Oyiu
HAJIHHO 3axXuIlleH] (PI3UYHO 3 METOI0 HEIOMYIICHHS X BUKOPUCTAHHS VIS IEPHOTO
TEPOPU3MY.

Y BIANOBITHOCTI 3 ICHYIOUOIO Ha CHOTOJIHI MPAKTUKOIO, 3aa4a 3a0e3MeUeHHS
panianiiHoi Oe3neKu paJlloaKTUBHO 3a0pyJHEHHX OO0'€KTIB BUPIIIYETHCSA IUITXOM
JIe3aKTUBAIll TOBEPXOHb, HA AKUX 3HAXOIATHCS PaJlIOHYKIIIIN.

SKI110 3HU3UTHU paIl0aKTUBHICTh MaTepialiiB A0 O€3MEYHOro PiBHI HEMOXKIIUBO,
TO BOHU MEPEBOSITLCA B PaIIOAKTUBHI BIIX0/1U. BBaxkaeThCs, 1110 € AMHUM KIHIIEBUM
BUPIIICHHSM TNPOOJEMU BIIXOMIB SIBISETHCS TOBHUM MNPUPOAHUN  po3maj
paal0aKTUBHUX MIPOAYKTIB, IO MICTATHCS B HUX.

Husbka eQeKkTUBHICT BIJIOMHUX METOIB 3HE3apa)KEHHS 3a0pyJHEHUX
PaIOHYKIIIIaMU MaTepiajiB MoTpedye MOIIyKy HOBUX MIISXIB O BUPIMICHHS II€1
npoOiemMu. Y maHii CTaTTi IPEICTaBICHO PO3POOIICHHMI 1i CITiBABTOpAMH MIX11 10
BUPIIIEHHS 3a3HAa4eHOi NpoOJjemMu, sIKUM Oa3zyeTbcsl Ha 3JaTHOCTI MPUPOAU O
CaMO03axMCTy, KOJM ii 3aKOHU YCYBalOTh HEOE3MEYHI YMHHUKHU BIUITMBY Ha KUTTS
010JIOTTYHUX OO0'€KTIB.

OcHoBHuii MaTepiaJj. [IpegmeTom 1aHOro JOCIIIKEHHS € OKpeMi ()parMeHTH
TBEPIUX METAJIEBUX BUPOOIB, TOBEPXHS SKUX 3a0pyIHEHA paaiOHYKIIiIaMHu.
KoxHuit Takuii pparmMeHT Mae cBoro Gopmy, FreOMETPUYHI po3Mipu, Macy. CTBOpeHe
IUMH PaliOHYKJIi]aMU TaMMa-BUIIPOMIHIOBAHHS TOIINPIOETHCS B HABKOJIUIIIHEOMY
CEepeNOBUIIl 1 € JOJAaTKOBUM JO MPHUPOTHOTO paialifiHOTO (QOHY IKEepesioM
ONPOMIHEHHS JIIOJIEH.

lonizyroua paniailiss HEBIJ'€MHOIO CKJIaJIOBOIO ICHYBAHHS >KUTTSI Ha HAIIH
raHeTi. PamioHykmiaM nOpeacTaBisiioTh COOOK €JIEeMEHTAapHI JIKepena TaMma-
BUINIPOMIHIOBaHHS. BOHU NpUCYTHI B KOXH1{ TOUIll HABKOJUIIHBOTO IPOCTOPY, SIKE,
B pe3yJibTaTi, MpeAcTaBisie co000 o00'€eMHE JKEpesno 10HI3YHYOi pajialii.
BiamoBinHO, y KOXHINM TOYII CepelOBUIA MPOXUBAHHS JIIOJUHUA ICHY€ CyMapHE
SJICKTPOMArHITHE TOJIE, IKe (POPMYETHCS raMMa-BUIIPOMIHIOBAHHSIM, 1110 HAJIXO/IUTh
70 Hei 3 yciX HanmpsMKiB. OCHOBHOIO KUJIBKICHOIO OIIIHKOIO IIKIJJUBOTO BIUIUBY
10H13ytouoro BunpomiHtoBaHHs (IB) Ha moauHy € iHAMBITyabHA piuyHA e(DeKTUBHA
71032 30BHIIIHBOrO omnpoMiHeHHs. Ll no3za ¢opmyerbcs IB TuX pamgioHyKIiIiB,
€Heprii SKuUX JOCTATHIO JIJIi TOTO, 100 BOHO MPOHHUKJIO B OPTaHi3M JIIOJUHU Ta
10HI3yBaJIO HOTO aTOMU 1 MOJIEKYJIH. Bkian y mormuHyTy 103y 1HAUBIYYMOM, IO
3HAXOAMUTHCS B JICSIKIA TOYIl HA MOBEPXHI 3€MJIi, BHOCATh Ti1 PAalIOHYKIIAM, SKi
3HaXOJATHCS Ha BIJCTaHI B/ HEi He O1NIblIe IEKIIBKOX COTEHb METPIB B aTMOCdeEDi,
a B 3emmi 0,3-0,4 m. Ile o3Hauae, 1m0 HEe BCl PaTIOHYKIIAH, 10 3HAXOISATHCS B
CepeZIOBHILIl MPOKMUBAHHA JIIOJWHU, BHOCSATH CBIMl BKJIAag B J03Y ONpPOMIHEHHS
OKpeMOi KOHKPETHOi 0COOH, a TUIbKM TUIBKH Ta iX YacTHHA, SKa 3HAXOJHUTHCS B
oe3nocepenHid OaM3bKOCTI Bif Hei. [losSCHIOETBCS 1€ TUM, IO CEPEelOBUIIE 3
00'€eMHUM PO3MOALIOM PATIOHYKIIIIB € 3 OJHOro OOKy JKEepesioM TramMMa-
BUIIPOMIHIOBaHHS, a 3 1HIIOTO - 1I€ CEpEJOBUIIE MOTJIMHAE BUIPOMIHIOBAHHS, 10
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NOIIMUPIOETECA B HBbOMY. 3aBISKM 11 HOro BIACTUBOCTI HE CTBOPIOIOTHCS
HENPUWHATHO BEJIMKI 1HAWBIYalbHI 03U pajialii, M0 AIF0Th Ha JIOAUHY.

Takum 4rHOM, IPUPOAA MA€ BIACTUBOCTI BHYTPIIIHHOTO MPOTHUPATIAIIITHOTO
CaMO03axMCTy, OCKUTbKH 3aKOHHU, SIKUM I IOPSIKOBYIOThCS 11 ICHYBaHHS, YCYBaIOTh
BIUTMB Ha JIIOJIUHY TaKOTO HeOe3meyHoro pakTopy, K 10HI3yr09a pajialris.

Haounoro imrocTparii€ro 37aTHOCTI MPUPOIU JI0 CaMO3aXUCTy € caM (akT
ICHYBaHHS KUTTA Ha 3eMJ, B ycix cdepax sikoi (Jitocdepi, rimpocdepi, armochepi
1 6iocdepi MICTUTHCS BEJIMKa KIJTBKICTh pallOHYKIAIB. SkOu He OyJ0 MorIMHaHHS
raMMa-BUIIPOMIHIOBAHHSI B IXHIH pPEYOBHHI, TO Mif J1€10 KPUTUUYHO BUCOKOTO PiBHS
pamiartii, CTBOPEHOTO BCiMa ITUMHU €JIEMEHTApHUMHU BUTIPOMIHIOBaYaMU, JIFOJTMHA, 110
3HAaXOJIMTHCS Ha 3€MHIil MOBEPXHI, HE 3MOTJIa O BUKHTH.

JIronuHa BUHMKIIA, €BOJIOLIIHO PO3BUBAINCH, aJaNTyBalach 1 )KUBE 3aBISIKU
CBOIM BJIACTUBOCTSIM IPUCTOCOBYBATHCH 0 YMOB, B SKMX BOHA 3HAXOJIUTHCS Ha
MPOTSI31 TPUBAJIOrO 4acy. 30KpeMa, Ha JIOACTBA MOCTiHE Ail pajiauiiHuii QoH,
PIBEHB SIKOTO HE 3AIMIIAETHCS CTPOTO MOCTIHHUM. 3aJIeKHO BiJ] PET10HIB TPUPOTHUI
pamiamiiauii  ¢GoH Moke BUIPI3HATHCH 10 10 pas3iB  BIIHOCHO CBOTO
cepenHbocBiToBOro 3HaueHHs 0,48 mM3B/pik. TUM He MEHIIe, 3arajJbHOBIJOMO, IO
ONPOMIHEHHS 3a pPaxyHOK pajiaiiiHoro (oHy HaBiTh B MICIIEBOCTAX, 1€ BIH
MIJBUILEHUN, HE IPUBOJUTH 10 OyIb-SIKUX CIIEUU(PIYHUX POMEHEBUX YPAKEHB [1].

OTxe, 1HAMBIAyaJlbHAa J103a ONPOMIHEHHS, SKa (POPMYETHCS MPUPOTHUM
PaAloaKTUBHUM (DOHOM, € HAHOUIBII COPUSITIMBOIO JUIsl 3A0POB'S JIFOAWMHU, OCKIIIBKH
JIOJICHKUI OpraHi3M MPUCTOCYBABCS J0 HEl B MPOIIECl CBOET €BOJIOII. € T0CTaTHHO
MEPEeKOHJIUB] JIaHi, Kl CBIIYUTH, IO SK 3MCHIICHHS, TaK 1 30UIBIICHHS JI03M
OMPOMIHEHHS JIIOJJMHU TTPU3BOJIUTH J0 MOTIPIICHHS 11 310pOB's. 3BIJCH BUILIUBAE,
0 MPUPOJHMM pajiamiiHui (HOH MOXKE BHUKOPHUCTOBYBATUCH SIK KPHUTEPIii
pamiariiHoi Oe3MeKh AaHTPONMOTCHHUX JDKEpeN 10HI3YI0UOTO BUIPOMIHIOBAHHS.
3okpema, JUisi TOro, MO0 MpU MPaKTUYHIA [AISUIBHOCTI, $Ka TMOB's3aHa 3
BUKOPUCTAHHAM PAJIOHYKIIJIB MPUPOJHOTO ab0 MITYYHOTO MOXOJKEHHS,
npoTupamialiiauil 3axuct OyB 3a0e3nedyeHui, 103a J0JATKOBOTO OIMPOMIHEHHS
OyJia criiBCTaBlIeHa 3 paglaliiHuM (POHOM.

Sxmo posrmsgatu P3M sk mxepeno 10HI3yr04oi pamialiii, To He0OXiJHO MaTh Ha
yBa3i, M0 11e TBepAUN 00'€KT, TOBEPXHS SKOTO 3a0pyIHEHHS paionykiiaaMu. TooTo
I BIJAKPUTE JHKEPENIO 10HI3YIOYOTO BHUIPOMIHIOBAHHS, SIKE MOXE CIPHUMHSTH SK
30BHIIIIHE, TaK 1 BHYTPILTHE OMTPOMIHEHHSI JTIFOIMHU. J[7151 TOTO, 11100 TBEpIuii 00'€KT OYyB
paniaiiiiHo Oe3Me4YHruM 1 Moro Mo)KHa BUKOPHCTOBYBATH 0€3 OyJlib-SIKHUX OOMEXKEHb,
HeoOX1HO, 11100 1HIUBIyaTbHa piyHa e(PEeKTUBHA /1032 OTIPOMIHEHHS 3 MOT0 TOBEPXHI
HE TMepEeBUIIyBaJIa JIIMITa JJ03M, BCTAHOBJICHOT'O 3aKOHOIaBCTBOM [2,3.4].

VY 3araipHOMY BUTIQAKY O€3TCUHE TOBOKEHHS 3 OYIb-IKUMH JpKepenamu 1B
3a0€3Me"y€eThCS SIK MIITXOM 3MEHIIICHHS KUTbKOCT1 BUTTPOMIHIOIOUHX PAIIOHYKIIIIIB,
TaK 1 3MIHOI YMOB MOIIUPEHHS CTBOPEHOTO HUMU BHUIIPOMIHIOBAHHS IO TOYKHU, Y
SK1W 3HAXOAUTHCS 200 MOXKe repedyBaT IHAUBIAYYM.

Came 11 HanpsAMKH 3a0e3MeYeHHsI paalaliiiHo] Oe3MeKH MeTaly peani3yrThCs
B TeXHoJorii mo Oa3yeTbcs Ha 1iaBieHi P3M [5,6]. ¥V mporeci miaBieHHs
PaAIOHYKIIIIM TIEPEXOATH 3 MOBEPXHI METATY B PO3ILIAB, 1€ aKTUBHO 3MIIIYIOThCS.
VY pesyabTati pagioHyKI1Id PIBHOMIPHO PO3MOAUISETHCS B HOT0o 00'eMi.

Taxum e 3anuniaeTses IX po3no/aii 1 B BUIUIABICHOMY 3IMUTKY. OTXKe BIIKPUTE
mxepeno B skum 6yB P3M, nepeTBoproeThCs B 3aKpUTE 00'€MHE JHKEPEIIO, 3 IKOTO
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pPalioOHYKIIIM HE MOXXYTh BUHTH B HABKOJMILIHE CEPEAOBUIIEC 1 MOTPAIIUTH B
OpraHi3M JIIOJMHU. 3a MeXl1 3JUTKa MOXXE BHUXOAUTH TaMMa-BUIIPOMIHIOBAHHS
TUIBKH THUX PaJIOHYKIIAIB, SKI 3HAXOJATHCSI B IIOBEPXHEBOMY Iapi MeETaly
TOBIIMHOIO B KUJIbKa CaHTHUMETpPIB. ['aMMa-BUNPOMIHIOBaHHS BCIX 1HIIUX
PaIIOHYKJIIIIB MOTJIMHAETHCS B METAJIl ITIOBHICTIO, a alib(a- 1 0eTa-BUIIPOMIHIOBAHHS
B3arajii He 37aTHEe BUNTHU 3a MEX1 METaJeBOTO 3JIMTKA. SIK HACIIIOK, pIB€Hb T'aMMa-
BUIIPOMIHIOBaHHS 3 TOBEPXHI BUIUIABJICHOIO METAITY CTa€ 0araTOKpaTHO HUXKYE TOTO
3HAYCHHS, sKe OyJI0 Ha MOBEPXHI 3aBaHTAXEHOTO B TUTABWIIBHY 114 P3M.

HeoOxiaHuit piBeHb pajiamiiiHoi Oe3MeKd OTPUMAHUX 3JIMTKIB 3a0€3MeuyeThCs
IUTSIXOM PETYJIOBAHHS KUIBKOCTI TaMMa- BUIPOMIHIOIOUHMX PaJlOHYKIIL, 10 OyJH
3aBaHTaXX€H1 B IJIaBWIbHY Mi4. [Togasbliie moBoKeHHS 3 BUpOOaMH 13 BUILIABIICHOTO
METaly He MIBHMILYBaTUME PIBE€Hb iXHBOI pajialiidHOi HeOe3neKku sl O10J0TIUHUX
00'€KTIB, TOMY 110 00'€MHA aKTHBHICTh B METaJIl 3AJIMIIAETHCS HE3MIHHOK. [Ipnuomy
Oe3neyHi piBHI raMMa-BUIIPOMIHIOBAHHS 3 TIOBEPXHI TOTOBOI MPOIYKIIT JOCATAIOTHCA
NPU HACTUIBKU HU3BKUX KOHIEHTPAISIX PAIOHYKII/IIB Y BUIUIABICHOMY METali, 1110
BOHM HE BIUTMBAIOTH HA HOTO (h13WYHI Ta XIMIUHI BIACTUBOCTI. TaKuM YMHOM, TPOIIEC
IUIABJIEHHS CTBOPIOE YMOBH JUI oTpuMaHHs 13 P3M mertanonpotykuii, mpuiaTHOT s
MOJIANTBIIIOTO BUKOPUCTAHHS 0€3 Oy Ib-sIKUX 00MEKEHb.

OTxe, mocrasiieHa 3afayda nepeseaeHHs P3M B ekonoriuHo Oe3neuHuil cTaH
BUPILIYIOTHCS 3aBJIIKM BUKOPUCTAHHIO TAKUX MPUPOJHUX BIACTUBOCTEH MeTamly, sIK
MOro 3[aTHICTh 0 IUIABJICHHS 1 MOMVIMHAHHS HUM paniauii. B pe3ynbrari P3M sk
JUKEpENI0 3 TMOBEPXHEBHM 3a0pyAHEHHSM pAIlOHYKJIIJaMU TEPETBOPIOETHCS B
JUKEpeNo 3 O00'€eMHUM pO3MNOJIIOM €JIEMEHTAapHUX BUIIPOMIHIOBAUIB, SIKOMY
npUTaMaHHI TPUPOAHI BJIACTUBOCTI MpoTUpaniamiiiHoro 3axucty. [lonmepenHi
OLIIHKY MOKAa3yI0Th, 1110 TIpolec miasieHHss P3M 3MeHnye noTykHICTh €peKTUBHOI
no3u 3 noBepxHi P3M y necsitku pasis [6].

HeoOxiqHO MIAKPECTUTH, 0 IPH BUKOPUCTAHHI 3allPOTIOHOBAHOIO CIOCO0Y
OTPUMaHHA 13 3a0pyJHEHOTO PATIOHYKIIAaMH METaly pajialiifHO Oe3MedYHOro
IPAKTUYHO HE BUHMKA€E JOJATKOBOIO 3a0pyAHEHHS HaBKOJMIIHHOTO CEPEeJOBHILA
TUMH PaIIOHYKITIIaMH, SIKi IEPEBOIATHCS 3 IOBEPXHI METAITy B ioro 00'eM B Tipoiieci
raBieHds. [Ipu mpomy Teputopii 1 00'extH, Ha sxux 30epiraBcs P3M, takox
CTaHOBJISITHCS €KOJIOTTYHO OE3MEYHUMHU, 30KpeMa 3a paXyHOK CyTTEBOTO 3MEHIIICHHS
00'eMiB pajJli0aKTUBHO 3a0pyTHEHUX MaTepialiB.

Sk BkazaHo B [4], MOHITOpPMHI JIOBKUJUII Ha WOro 3a0pyaHEHICTh
PafioaKTUBHUMH PEYOBHHAMU MPOBOAMUTHCS MUISIXOM BUMIPIOBAHHS MOTYKHOCTEH
J103 BUMIPOMIHIOBaHHS a00 KOHIIEHTpallii paJlOHYKJIIJIIB B 00'€KTaX HABKOJHUIIIHbOTO
cepenouia. OCKUTbKH BUIUIABICHUH 3JIMTOK METalIy € TBEPJOI PEUOBHUHOIO, TO
3TiIH0 3 BU3HAUCHHSIM, HaJaHUM B [4], BIH SBIAETHCS 3aKPUTHUM JIKEPEIOM
BUIIPOMIHIOBaHHS.

B upoMy BuUIagKy AO3UMETPAMH KOHTPOJIIOETHCS JIMILE MOTY>KHICTD
IHAMBIAYaIbHOI 03U BUIIPOMIHIOBAHHS 3 MOBEPXHI 3MUTKY. 3riAHO 3 [4], SKIIO0
3aKpUTE JHKEPEIO HE CIIPUUMHSE MEPEBUIICHHS MOTYKHOCTI 1034 B 1 MK3B/ron Ha
Biactani 0,1M Big Oyab-sAKOi HAMOIMKYOI TOBEPXHI, TO BOHA HE PO3IIIAJAETHCS Ha
npeaIMeT OTPUMAaHHS JT03BOJIY Ta 3BUIBHEHHS BiJl PEryIr0l04oro KOHTpouo. Takox
CaHITapHUMH TpaBwiaMu [7] BCTAHOBJICHO, IO TBEPJI MaTepiaid 3 HEBIIOMUM
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PAIOHYKIIITHAM CKJIQJ0M 1 HEBIIOMOIO MHUTOMOIO AKTHUBHICTIO HE HAJIEKHUTH IO
PaTiOaKTUBHUX BIAXOIB, SKIIO TOTYXHICTH IOTJIMHEHOI JIO3M, III0 BU3HAYEHA Ha
Bijcradi 0,1M Bij iX MOBEpxHI, HE MepeBuIye 3HaueHHs 1Mkl p/ros.

BucnoBku. IlpencraBiieHa TEXHOJIOTIS MOBEPHEHHS B TOCIOJAPCHKUN 00Ir
BEJIMKUX 00'eMIB paJllOaKTUBHO 3a0pyJHEHUMX MeETajiB, III0 OCHOBaHa Ha iX
miaBjaeHHi. [Ipouec TuIaBiaeHHS NPU3BOAUTH JIO0 pajialiifHol  Oe3MeYHOCTI
OTPUMAHOTO MeTajly, SKHH Yy IMOAAIBIIOMY MOXE BHKOPHUCTOBYBATHCS 0€3 Oyb-
SAKUX OOMEXeHb. TakoX MPaKTUYHO JOJATKOBO HE 3a0pyHAHIOETHCS HABKOJMWIITHE
CepeoBHUIIE, a TEPUTOPIi 1 00'€KTH, Ha AKUX 30epiraeThcss P3M cTatoTh €KOJIOTIYHO
0e3neyHrMHU. 3arpolOHOBAHUN TMIJAXIJT XapaKTEPU3ye€TbCSs BHUCOKUMHU TEXHIKO-
€KOHOMIYHHMMH MOKa3HUKaAMHU.
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Annotation:

The fundamental possibility of converting radioactively contaminated metal
into an environmentally safe state is shown. This problem is solved by using the
properties of nature to radiation self-defense, because the laws to which it is subject,
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eliminate the impact on humans of such a dangerous factor as ionizing radiation

To make the REM radiation safe, it is proposed to melt it. In the process of
melting, radionuclides from the surface of the REM pass into the volume of the melt.
As a result, a solid closed source of ionizing radiation is formed, in which a
significant part of it is absorbed.

Radiation and environmental safety of the ingot is ensured by regulating the
amount of gamma-emitting radionuclides loaded into the melting furnace.

In addition, the environment is practically not additionally polluted, and the
territories and objects where REM was stored become ecologically safe.

Key words: radioactively contaminated metal, gamma radiation, external
irradiation.
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ypany i pagionykmigis *°Sr, 37Cs, *Eu, 2*Pu, 24Py, ' Am u >**Cm B monnnx
Biakinaganusax (B) B npumimennsx 001/3 ta 012/7 o6'ekty "Ykpurtsa" (OV).

OcCHOBHA KUIBKICTh BOJHHUX TMOTOKIB B OO0 €KTI «YKPUTTS» 30UPAEThCI B
niBHiyHIA 4vactuHi OY B npumimieHi 001/3 JoMOMIKHUX CHCTEM PEaAKTOPHOTO
BigmineHuss (JCPB) wa mosznaumi — 2,60 m. B mpumimeni 001/3 mocTiiiHo
3HAXO/ISTHCS HEOPTaHI30BaH1 CKyTYeHHS paJioakTUBHO 3a0pyaHeHoi Boau (P3B), ix
00’eM 10 pisHMM ouiHkam cknagae g0 270 m°. B pesymbraTi (pisuko-XiMidHHX
MPOIIECIB KOATYJIAIIT, OCA/PKEHHS TUCTIEPCHOT a3y BaXKKO PO3UMHHUX COJICH B IIUX
CKYITYEHHSAX BOAU YTBOPIOIOTHCA JIB, sKi MicTaTh ypad i pamionykmiau *°Sr, 37Cs,
4Ry, 2¥py, 2972490py, 2'Am u 2**Cm. ITix mapoM Bogu B npumimeni 001/3
sHaxoaaThesa JIB B Burmami myny. O6’eM LMX BifIKJIaleHb OILIHIOETHCS B 65 M.
Cknan 1B B ocHOBHOMY (DOPMYETHCS B HACIIIIOK HACTYTHUX MPOIIECIB:

- IECTPYKILis MIacTU(IKOBAHOTO 1 KOHCTPYKUIMHOTO OETOHY;

- KOpO31sl METAJIEBUX KOHCTPYKIIIH;

- OCaKEHHS KOJIOITHUX (POPM 1 POZUMHHMX MPOIYKTIB IECTPYKIi Ta KOPO3ii;

- OCa/PKCHHS OPTaHIYHUX CIIOJIYYEHb.

B muctomani 2016 p. «Apka» HBK Oyna BcTaHOBIIEHa B TPOCKTHE TOJIOKEHHS
Haja 00'ekToM «YkputTsi». BeranoBinenns HBK B mpoekTHe monokeHHsT pU3BEIo
70 3MIH peXHMY HaIXOPKEHHSA BOJIM B MIANOKpiBensHUM mpoctip OY. B mepury
yepry OyJi0 TMPUMUHEHO HAAXOKEHHS aTMOCHEpPHUX OMajiB. 3MIHWJIACS YMOBH
BeHTW ST puMmimieHs OY Ta TeMrnepaTypHO-BOJIOTOro pekuMy B HboMy. Y 2018
pomi ckymyeHdss P3B nokamizoBani B miBAeHHINW wyacTuHl npumimeHb 012/5 — 8
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OaceitHy - 6apboTepa moBHICTIO Bucoxym. B pe3ynbrari Bucuxands P3B Ha minmo3i
npuMimenb 012/5 — 8 yrBopunuca BucokoaktuBHl JIB. IHdopmaris mpo
JTUCIIEPCHUM CKJIaJ, BMICTY ypaHy 1 MUTOMOI aKTUBHOCTI pajioHykmiaiB y JB, ski
YTBOPUITUCS Y IPUMIIICHHIX HA HIDKHIX TO3HAYKAX 00'€KTY « YKPUTTS, IPAKTUYHO
BIJICYTHI.

Busnauenns ¢izuko-xiMiyHUX (HOPM 3HAXOJDKCHHS ypaHy 1 PaJloOHYKIIIIB Yy
JIB, siki yTBOPIOIOThCA B HAcCHAOK BUcuXaHHs P3B Ha HMKHIX Mo3Haukax 00’ €KTa
«YKpUTTS», JO3BOJUTH BHU3HAUMTH MITPaliifHI XapaKTePUCTUKH ypaHy 1
panionykmiaiB. JlaHHI PO CTyMiHb po3uyuHHOCTI J[B HE0OX1aH1 /17151 MPOTHO3Y 100
MePEpO3NOALTY YpaHy 1 pamioHYKIiIIB y BUNAAKy Haaxomkenas Boau y HBK -
00’ €KT «YKPUTTS».

Mera paHoi poOOTHM moJsArana y BHU3HA4eHI (Pi3UKO-XiMIYHUX (opm
3HAXO/)KEHHsI YpaHy 1 paJlOHyKJIIIB B JOHHUX BiAKIaAeHHAX npuMimeHHs 001/3 1
JOHHMX BIJIKJIAJICHHAX SIKI YTBOPHWJIKCS B PE3yJIbTaTlI BUCUXAHHS HEOPraHI30BAHHUX
ckymyeHb P3B y npumimennsax 012/5 — 8 06’ exkty « YKpUTTS».

[Ipoou JIB B mnpumimenni 001/3 Bigbupaim y 2015 — 2017 pp.
poOOBITOIPHUKOM Yepe3 CBEPJIOBUHY, sika MpoOypeHa B MII031 MPUMIIICHHS,
01/3 na mo3naui + 1,25 M. [Ipo6u 7OHHKX BiAKIaAEHD (MYJTy) IPEICTABIISIN COO0I0
Macy TEMHOI'O KOJIbOPY 3 XapaKTEpHHMM 3allaxoM 1 BOJIOTICTIO 65 %, BTpaTH Ipu
nposxaprosansi npu 600 °C — 25 %.

[Ipoou B B mnpumimeni 012/7 Bigbupamu 12.06.2018 p. 3 mianoru
npumMinieHHs. J{oHH1 B1IKIaIeHHS IPEICTABIISIN COOOI0 MICOK XapaKTEPHOIO )KOBTE
— Oyporo KoJbopy.

BuznaueHHs1 BOAOPO3YMHHUX, OOMIHHUX, CIIEHU(IYHO COPOOBAHUX, PYXOMHUX
Ta KMCIOTO PO3YMHHUX (opMm ypany i pamionykmigis *°Sr, 3’Cs, '*Eu, 2*®Pu,
2391240py, 24 Am i 2*Cm y JIB npumimennsx 001/3 i 012/7 BUKOHYBaIKCS METOIOM
MOCIJOBHUX eKcTpakiii. CxeMa nmociiioBHUX 00po0iTOoK HaBaxkok JIB Binmosimae
3araJIbHOMPUMHATHM METOIMKAM 13 ASIKUMHU 3MiHAMHU, sIK1 TIOB’ s13aH1 13 eI (diKor0
00’ €KTY JOCIIKEHHS Ta OOMEKEHHSIMH PAIIOXIMIYHUX METO/I1B BU3HAYEHHS BMICTY
pamioHykiiiB. MirpariiiHa 37aTHICTh PaJiOHYKIIIIB acOIIHOBAaHUX 3 JOHHUMH
BIIKJIAJICHHSIMH BU3HAYAETHCS KUIBKICTIO BOJIOPO3YNHHMUX, OOMIHHUX, KApOOHATHUX
1 pyXxoMux (PO3UMHHHX B p030aBIeHUX KUCIOTaX) popM. [[71s BU3BHAUEHHS KITBKOCTI
BOJIOPO3YMHHUX, OOMIHHUX, fKI TIOB’si3aHl 13 KkKapOoHaTaMu Ta CHEU(pIIHO
copOOBaHUX 1 KUCIOTO PO3YMHHUX (POPM ypaHy 1 paJiOHYKIIi/11B HABAKKH MTOBITPSHE
cyxux 3pas3kiB J[B mocnigoBHO 00poOJsian po3unHaMu pi3HUX peareHTiB. Cxema
BU3HAYECHHS XIMIYHMX (OpM ypaHy 1 pagionykiiais y JIB HaBenena B taou. 1.

Tabnuysa 1 CxemMa IOCHIJOBHUX €KCTPAKIIIH

dopma 3HaAXOKEHHS Pearent

1 Bomo po3unHHa JluctunwroBana Boaa (H,O)

2 OOMiHHa 1 mone/n1 CH3COONH4 pH 7,0

3 KapbonatHa Ta cnernudiyHo copboBaHa 1 moas/n1 CH3COONH4 pH 4,8

4 Pyxoma 1 mons/n1 HCI

5 Kucnoro po3unnHa 9 moaw/n HCI

6 He po3unHHuil 3a1M110K HNO; + HF, micns o3onenns npu 600 °C
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ButyroByBaHHS ypaHy 1 paAiOHyKJIi/1IB BUKOHYBAJIMCSA B CTATUYHUX YMOBaxX MpU
KIMHATHIA TeMIieparypi Ha mpoTs3i 24 TOAWH IPHU MEPIOIUIHOMY IEepeMillyBaHHI.
O06pobOky HaBaxoK /|B KO)KHUM PeakTHBOM BUKOHYBAJIH MOCTiIOBHO.

VY BCiX BHIYTOBYIOUHX PO3YMHAX Ta HEPO3UMHHOMY 3aIHIIKY BU3HAYAIA BMICT
ypaHy i pamioHyKIigiB. AKTMBHICTH raMMa BUIIPOMIHIOIOYMX pamioHykiigis *’Cs,
4By, 2*'Am Bu3HAYamM Y-CIIEKTPOMETPMYHMMM BHMIDIOBAaHHAMHM Ha TIaMMa-
CHEKTPOMETPUYHOMY KOMIUIEKCI Y CKJIaJll HaIiBIPOBITHUKOBOTO eTekTtopa GL2020R
13 Hamguucroro repmaniio CANBERRA 1 16000-kaHanbHOTO —aMILITyIHOTO
anamizaropa immyibsciB CANBERRA. OGpo0ka amapatypHHX CIIEKTpiB BUKOHYBajIacs
B iporpamMaoMy cepenosumti GENIE-2000. Bumict ypany, *°Sr, 2%Pu, 2%"24Py, 2! Am i
2Cm BusHauanacs i3 omHOI HPOOM BHJIYTOBYIOUMX PO3YMHIB IO i0HOOOMiHHIM
METONLI, SIKa JO3BOJISIE TOCIITOBHO BUALIATH O3 Hocis *'Sr, 2342381, 238Py u 237240Py,
"Am 1 **Cm. AxruBnicTs *°Sr Bu3HAa4amM [-pamioMeTpMUYHMMU BUMIpaMu ITCIIs
pailoXIMIYHOTO BUAUIEHHS IO OCA/KyBaHOI METOJMKH Ha HU3bKO (OHOBOMY OeTa
pamiomerpi YM®-1500. Axrushicts 2Pu, 24Py, *'Am i **Cm Busnavamm o-
CIIEKTPOMETPUYHUMH BuMipamu mkepen 2°Pu + 2%240Py 1a 2'Am + **Cm micns
pamioxiMiyHOTO BHJIUIEHHS Ha aib(a crnekrpomerpi Alpha Duo ¢ipmu ORTEC.
[3oTomHMii ckIam  ypaHy pO3paxoByBaJd Ha MIJICTaBl  O-CIIEKTPOMETPUUYHUX
BUMiproBanb aktuBHOCTI 24U, 2¥U, 2°°U 1 U micng pamioXiMiuHOro BHIIICHHS
dpakuii ypany. [ToxuOka Bu3HAueHHS KOHIICHTpaIllli ypaHy 1 00’€MHOI aKTUBHOCTI
paaioHyKIi11B He niepeBuiryBaia 10 — 15 %.

[lutoma aktuBHICTH (BK/Kr) pamioHyKIIAiB B MOBITpsiHE cyxux mpoOax /1B
npumMiiiers 001/3 1 012/7 00’ exkty « YKpUTTs» HaBeJeHa B TaOJ. 2.

Tabnuya 2. lluToMa aKkTUBHICTh JOHHUX BIAKJIaJeHb, BK/KT

Tpumimmenns 990Gy 137Cg 546y, 238py, 239+240py, 2WTAm 2440m
001/3 7,4-10% | 8,1-10% | 9,8-10° | 5,1-10° 1,1 -10° 7,3-10° | 2,4-10°
012/7 5,7-10° | 6,3-10° | 4,6-10°]28-10°| 6,1-10° 3,9-10" | 9,8-10°

BMict ypany B JocmigHMX 3paskax JOHHMX BigkianeHb npumimeHas 001/3
cranosuB 2,2 — 3,1 r/kr, ipu BMicTi 2°U 0,026 — 0,033 r/kr. MacoBi 10i1i i30TOmiB ypaHy
cknanarots: 24U — 0,00016, 2°U — 0,0104, 2°U — 0,0019 u 28U — 0,988. BmicT ypany B
JIOCTTIKEHHX 3pa3Kax JIOHHUX BikiIaieHb npumimeHHs 012/7 cknamae 1,02 £ 0,26 r/kr.
Macosi gomi i30TomiB ypany cknanarote:>*U — 0,000159, 2°U - 0,0109, 2°U — 0,00192
i 28U — 0,987. [30Tonnumii ckan ypady y JIB B 1ijoMy BiIoBizae i30TOMHOMY CKJIamy
ypany, ornpoMiHeHoro naimsa 4-ro 010xky YAEC 13 cepeiHiM BUTOPSHHSIM.

Ha puc. 1 nokazano posnoxin pagionykiais *°Sr i *’Cs mo pisaum dpakmism
BUJIYTOBYBAIOUUX PO3uuHiB y npobax JIB. Bogoposzuunni popmu ¥’Cs cknanarors
2,229 %. Mons oomiraux popm 2’Cs cknanac 46 — 58 %, 10 CBiTYNTEH PO 3HAYHI
mirpaiiiini 3mi6nocti *’Cs. Pyxmusi (po3umni B 1 mons/n HCl) dopmu *’Cs
3HAaXOIAThCA B Mexkax Bix 20 10 26 %. Kucnoro pozuunni gpopmu *’Cs cknagarots
5 — 9%. Hepo3uuHHui, Imicis BCiX MOCTIIOBHUX €KCTpakiii, 3amumok *’Cs He
nepesumtye 8%. Ciig BimmiTuTy, 1m0 g0 MinHo dikcosanoro P’Cs y rpyHTax 301
BimuyxeHHs 1 JIB Bogoitmu oxonomxyBaua YAEC ckimanae 35 — 45 %. ®dikcaris
37Cs BimOyBacThcs 3a PAaxyHOK BXO/UKEHHS IE3iF0 B KPHUCTANi4HY PELITKY
TJIMHUCTUX MIHEpaJiB, K1 MPUCYTHI B IPyHTI Ta /B BIAKpUTHX BOIONM.
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Bonoposuunni popmu *°Sr y JIB npumimenni 001/3 ne nepesuinyrors 2,5 %.
Kinbkicts 00Minnux Gopm *°Sr 3HaxoauThcs B Mexkax 18 —28 %. OcHOBHA KilIbKICTh
OSr o 66 % 3HAXOAUTHCA y BUIIIAAI KapOoHaTHUX crnojydeHb SrCOs;, siki co-
OCAJIKYIOThCA 3 BAXKKOPO3UMHHUMHU COJIsIMU MakpokoMiioHeHTiB CaCOs 1 MgCO:s.

Ha puc. 2 nokasani Gpopmu 3Hax0ukeHHs y JIB pagionykminis 238Pu, 227240Py,
21 Am, 2*Cm i *Eu. Posnoain ¢popm 3Haxomkenns 2>8Pu i 29240Py 3 ypaxysanasam
NOXMOKM BH3HAYCHHS MPAKTUYHO OjHakoBe. CymapHa dYacTka BOJOPO3YMHHUX 1
oOMiHHKX (opm 23¥239249Py y TIB He Benmuka i cknagae 0,5 — 2%. V cnabo kuciomy
cepenoBuii mpu pH 4,8 (1 mons/n NH4AC) y po3unaHMi cTad nepexoauts 20 - 25
% 238239290py, Cnig Bigmiturn, mo moyrtonii y JIB mpumimens 001/3 i 012/3
3HAXOAUTHCS B OCHOBHOMY Y BUIJISIAIL CIIOTy4YeHb 100pe po3unHHUX y 1 Mons/n HCI,
yacTka akux cknagae 50 — 55 %. @opmu 3naxomkenns “Y'Am, >*Cm i **Euy JIB 3
ypaxyBaHHSM TIOXMOKM BHU3HA4YeHHA ojaHakoBl (AuB. puc. 2). KinabkicTh
Bonopo3unHHuX Gopm **'Am, 2*Cm i "*Eu ckmamae 0,15 — 0,33 %. O6minHi popmu
2Am, *"Cm i Bu ckmamarote 2 — 4%. TiIpookcuam TphOX BaJEHTHHX
2 AM(OH);, *Cm(OH); i *Eu(OH); B c1nabo KHCIOMYy CEPENOBHILI Kpamie
po3unHstoThes, HiX Pu(OH)4 ToMy nipu pozuuneni JIB npumimennst 001/31012/7 B
1 mons/n NHyAc i3 pH 4,8 B posuun nepexoauts 40 — 50 % **'Am, ***Cm i >*Eu.
Yactka pyxomux popm ' Am, ?**Cm i *Eu B npumimenni 001/3 ckianae nopsaka
40 %, a B mpumitieHHi 012/7- 30%.

[N Cs-137

604 I Sr-90 I Sr-90

B Cs-137

H0  IMNH4Ac7.0 IMNH4Ac4S  IMHCI 9M HCI Residua H20 NHACPH 7.0 NH4AcpH48 | MHCI 9MHC

a 0
Puc. 1 ®opmu 3aaxomxenns 2'Cs i *°Sr y JOHHMX BifKIaIeHHIX:
a - npuminienus 001/3, 6 — npumitenus 012/7

H20 IMNH4Ac 7.0 IMNH4Ac48  IMHCI 9M HCI Residua H20 NH4Ac pH 7,0 NH4Ac pH 4,8 1 M HCI 9 M HCI

a §
Puc. 2 ®opmu 3HaXOMKEHHS PATIOHYKIIIIB Y TOHHUX BIJKJIQICHHSX:
a - npuminienus 001/3, 6 — npumitenns 012/7
Posnonin ¢opm 3HaxomkeHHs 130TomiB ypany y JB mpumimennasx 001/3 1
012/7 mokazano Ha puc. 3-a Ta 3-0, BignoBigHOo. Y [JIB mpumimeni 001/3 06’ekra
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«YKpUTTS» ypaH 3HAXOAUTHCA Yy BUIIISAL pI3HUX (opM. 3 ypaxyBaHHSM MOXUOKU
BU3HAUYEHHS (QopMu HaaxomkeHHs 24U, 25U, 26U 1 28U npaktnuno oxHakosi. Sk
BUJTHO Ha pUC. 3-a KUTBKICTh BOJOPO3YMHHUX CIIOJYYE€Hb YpaHy He nepeBuirye 1,5
%. Yactka oOMiHHUX (popMm ypaHy cknanae 6 — 8%. AHaJOrIYHO TUIYTOHIIO Ta
amepuliito ypan y JIB 3HaxoguThcs y BHUIJSAI TiIPOOKCHAIB, SIKI J00pe
PO3UYUHSIIOTHCS Y PO30aBICHUX KUCIOTaX, YACTKa pyXoMux opM ypaHy ckiagae 58
— 64 %. e cBimuuTh Mpo HU3bKY CTyMiHb iIMMOOLTI3alii ypany y /[IB 1 3nauHOIO
HMOBIPHOCTI IEPEHOCY YpaHy 3 BOAHHMHU MOTOKAMHU MPU 3MiHI XIMIYHOTO CKJIaTy
BoM 00’ eKkTa « YKpUTTs». Kucnoto pozuunHi popmu ypany y /IB He nmepeBuinyotsb
15 %. YacTka BaXXKO PO3UMHHHX CIOJYK YpaHy 3HAXOJUTHCI B MeXax Bif 5 10 12
%. Po3nonut ¢popM 3HaxokeHb 130TomiB ypaHy y B npumimenss 012/7 00’ekty
«YKpUTTs» TOKazaHo Ha puc. 3-6. Y JIB nmpumimennas 012/7 ypaH 3HaXOIUTHCS Yy
BUMIISIAL Pi3HUX QopM. KinbKicTh BOZOPO3UMHHUX CHOJYK YpaHy ckiagae 2,5 — 3,2
%. Yactka oOMiHHUX (opM ypaHy He Benuka 1,2 — 1,5%.

804

H20  IMNH4Ac70 IMNH4AC4S  IMHCI 9M HCI Residua H20 NH4Ac pH 7,0 NH4Ac pH 4,8 1 M HCI 9 M HCI

a 0
Puc. 3 ®opmu 3HaX0KEHHS 130TOMIB ypaHy Yy TOHHUX BiIKJIaICHHSX:
a - npuMitenHsa 001/3, 6 — npumimenns 012/7

[Tpu 06po61i [IB po3unnom 1mons/n NH4Ac npu pH 4,8 y po3unH nepexoauThb
35-37 % ypany. Ypan y JIB 3HaX01UThCs y BUTJISAII T1IAPOKCUIIB T0OPE PO3ZUMHHHIX
y PO30aBICHUX KHUCJIOTaxX, 4YacTKa pyxomux ¢opm ypany ckiagae 28 — 32 %. Ile
CBIIYUTH NIPO HU3BKY CTYMHiHb IMMOOUTI3aLii ypany y /IB Ta Benuky AMOBIPHICTH
NEPEHOCY ypaHy 13 BOJAHUMU MMOTOKAMHU MPHU 3MiHI XIMIYHOTO CKJIaay BOAHU 00’ €KTY
«Yxpurtsi». B consniil kucnoTi 9 monb/n pozuuHserbes 30 + 4% ypaHy Bin
cymapHoro BMicTy y /IB. I3 nanux, siki npuBeneHi Ha puc. 2-6 1 3-0 BuaHo, mo y /1B
npuminieHHst 012/7 ypan 1 TpaHCypaHOB1 €J€MEHTH 3HAXOASThCS, B OCHOBHOMY, Y
BUTJISIAI TIAPOOKUCH PI3HOT CTYNEHI «CTapiHHsS», SKI 100pe pO3YMHSIOTHCS B
KHUCJIOMY cepenoBuii nmoynHatouu Bij pH 4,8 1 MeHiie. BiiMiHHICTh 3HAXOKEHHS
ypany 1 pamionykiiais B JIB npumimenns 012/7 Bin JIB npumimienns 001/3 B Tomy
110 Hepo3uuHHIN 3anuiok [IB npumimenss 012/7 micnsa Bcix 0OpoOOK MPaKTUYHO
HE BMIIIy€e ypaHy 1 pagionykiiaiB. Ha BimMiHy Bia paiioHyKIiAiB y r’pyHTax Ta [IB
BOJIOMM 30HU BIIUY>KCHHS PaJIOHYKIIIM acoliroBaHHi 3 JIB mpumimiens 00’ €Kty
«YKpUTTS» MalOTh 3HAYHO OUIBIIY MITrpariiiHy 3/1aTHICTb.
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SPECIATION OF URANIUM AND RADIONUCLIDES IN THE BOTTOM
SEDIMENTS OF ROOMS 001/3 AND 012/7 OF THE NSC - SHELTER
OBJECT

Odintsov Oleksii, Palamar Larisa

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

After installation of the Arch of New Safe Confinement (NSC) into design
position, precipitations intake in the under roof space of the Shelter object ceased,
and water evaporation began from the unorganized accumulations of radioactively
contaminated water. As a result of physical and chemical processes of coagulation
and deposition of sparingly soluble salts, bottom sediments, containing uranium and
radionuclides, formed. The aim of the work is to determine speciation forms of
uranium and radionuclides in the bottom sediments in room 001/3 under the layer of
water and room 012/7, which formed due to the drying out of unorganized
accumulations of radioactively contaminated water of the NSC - Shelter object.
Results of the experimental determination of speciation forms of uranium and
radionuclides *°Sr, *’Cs, *Eu, 3%Pu, °"?*Pu, ' Am and ***Cm in the bottom
sediments of rooms 001/3 and 012/7 of the NSC - Shelter object are presented.

An amount of water-soluble, exchangeable and acid-soluble uranium forms,
fission products and transuranium elements in the bottom sediments of rooms 001/3
and 012/7 of the NSC - Shelter object was determined by the method of sequential
extractions. Activity of '3’Cs was determined by gamma spectrometric
measurements. Content of uranium, *>*Pu, %Py, **! Am and °*'Cm in the leaching
solutions and insoluble residue was determined by the ion-exchange method. *°Sr
activity was determined by beta-radiometric measurements. Activity of 3423>2362381)
238py, 239720py - 2 gm  and ***Cm was determined by alpha-spectrometric
measurements of uranium, plutonium and americium sources.

The concentration of uranium in the bottom sediments of room 001/3 makes a 3,1
+ 0,5 g/kg. Specific activity *°Sr, 1’Cs in the bottom sediments is within the limits of 7 -
10° - 1 - 10° Bg/of kg, and *******Pu and **' Am within the limits of 6 - 10° - 8 - 10° Bq/kg.
Radionuclides *°Sr, 3’ Cs, "*Eu, 23Pu, >t Pu, **' Am, ***Cm in the bottom sediments
are in different chemical forms that will define their different potential mobility.
Uranium and *’Cs in the bottom sediments of premises 001/3 mainly are in exchange
forms. The amount of water-soluble forms of uranium and cesium makes 1 - 3%. Basic
amount *’Sr, more than 50 % is as carbonate soluble in a weak-acid at pH 4,8. More
than 60 % of **Pu and ?*****’Pu in the bottom sediments are in acid-soluble forms.

The concentration of uranium in the bottom sediments of room 012/7 was 1.02
+ 0.26 mg/g. Abundance content of uranium isotopes is **U - 0.0159, %°U - 1.09,
P00 - 0.192 and 33U - 98.71%. Isotope content of uranium in the bottom sediments,
on the whole, corresponds to the isotope content of uranium in the irradiated fuel of
the Chornobyl NPP 4th unit with an average burnup. The specific activity of *’Sr and
I37Cs in the bottom sediments of room 012/7 is in the range of 6 - 10° — 1 - 10° Bq/kg.
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2394240 Py. and ** Am specific activity in the bottom sediments is in the range of 5 - 10°
- 9 - 10° Bg/kg. °°Sr, 137Cs, °Eu, 38Pu, %°*%Py, **' Am and ***Cm radionuclides in
the bottom sediments are in different physical and chemical forms, which determine
their potential mobility. Mainly uranium and '%’Cs in the bottom sediments of room
012/7 are in the exchangeable forms. An amount of water-soluble forms of uranium
and ¥’Cs is about 1.5 - 3%. The main amount of *’Sr, more than 60% is in the
carbonate forms, which are very soluble

in weak acid medium, when pH is 4.8. More than 65% of ***Pu and ?*****’Pu in
the bottom sediments of room 012/7 are in the acid-soluble forms. Potential mobility
of **'Am in the bottom sediments is notably higher than of plutonium in the soluble
state, when pH 4.8, transfer more than 40% of **’Am. Relations of activities of
radionuclides 3’ Cs/’Sr 'Sr/?*"20Pu, 21 Am/*** 2 Pu and ***Cm/>°*?*'Pu in the
bottom sediments of rooms 001/3 and 012/7 differ significantly from the similar
relations in the fuel containing materials of the Shelter object.

PIAKI PAJIOAKTHUBHI BIIXO/AU B OB’EKTI «YKPUTTS» - IPATH
POKIB IIICJIAA BCTAHOBJIEHHS1 HOBOI'O BE3IEYHOI'O
KOH®AUHMEHTY

Ooinyos O. O., Xan B. E.

IncturyT nmpobnem 6e3neku AEC HAH VYkpainu, Byn. Kiposa, 36- a, YHopHoOuUIIb,
07270, Yxpaina, ooodin@ukr.net

[IpencraBiieni HOB1 JaHHI IO A0 CKYMUYEHb PIAKUX PaAlOaKTUBHUX BIAXO/IIB
(PPB) Ha HuxkHIX mo3Haykax 00'ekTy "Ykputta" (OVY) micis 1’ sTi pOKiB 110 MUHYJIH
MICII BCTaHOBJEHHA HOBoro OesmeyHoro koHpaitamenty (HBK) B mpoekthe
nojokeHHs. JlocmikeHa NUHaMiKa 3MEHIIEHHS 00’€MIB Ta 3MIHHM KOHIIEHTpaIlli
MaKpPOKOMIIOHEHTIB, ypaHy i 00’ e€MHOI akTUBHOCTI pamionykminis *°Sr, 1¥’Cs, »*%Pu,
239+240py 12 2! Am y PPB HBK-OV.

B muctomani 2016 p. apka HBK Oyna BcTaHOBJIEHA B IPOSKTHE MTOJIOKEHHS HAJl
o0'ektoM «Ykputtsi». BeranoBnennss HBK B mpoekTHe mosiokeHHsI MPU3BENO 10
3MiH BOJIOTOCTI 1 TeMrepaTypHoro pexumy B cepeauni OY. B nepiry uepry Oyio
NPUNUHEHO HAIXOJKEHHS aTMOC(EepHUX OmnajiB. 3MIHUIUCA YMOBU BEHTHJISILII
npuminieHs OVY. Lle nmpu3Beno 10 3HaYHUX 3MIH YMOB yTBOPEHb HEOPraHI30BaAHUX
ckyrmuenb PPB B mpumimennsx OY. [lo Bcranornennss HBK B mpumiiiieHHsIX 00'€KTy
«YKpUTTS» Ha MO3HAYKaX HUKYE + 12,5 M MOCTIMHO 3HAXOUIIOCH, B 3AJIKHOCTI Bijl
ce3ony, 330 — 350 m®> PPB. OcHoBHa kinbkicts PPB npu6mmsno 270 m* nokanizoBana
y npumimerHi 001/3 momoMixxaux cucteM peaktopHoro BimauieHHs ([ICPB) na
no3Hautl — 2,60 M. B mpumimenusx 6aceiina — 6apootepa (bb) Ha mo3naukax — 0,65
M i+2,20 M noctuitHo 3Haxoamnocs 40 — 50 m* P3B.

omicsunnii MOHITOpUHT cKynmueHb PPB Ha npoTs3i nucronany 2016 - rpynus
2021 pp. moka3aB 3HayHe 3MEHIIeHHs 00eMiB Boau B mpumimenusax 009/4, 012/5 —
8, 012/13 — 16, 013/2, 014/2, 017/2, 061/2 1 210/5 — 7. O6’emu ckymuenbr PPB
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PETYIIOIOTHCS TIPOIIECAaMH BUIIAPIOBaHHS Ta KOHJeHcallli. B miBHIUHIN dYacTuHI
npuMimieHb 012/14 — 16 Ha mo3Hauke + 2,20 M Ta MiBJASHHIN YaCTUHI TPUMIIIEHHS
012/13 — 16 B 2020 p. Boma BiAcyTHs. Bucuxanns ckymuenb PPB BigOymocs 3a
paxyHOK BuIaproBaHHs Boau. KoHaeHcaT, SKui YyTBOPIOETHCS B JIITHI MicsIll, HE
KOMIIEHCY€ 00’ €MU BOJIM, III0 BUMIAPIOETHCS Y 3MMOBHIA yac.

B tabnuii HaBeneHi pe3ysibTaTH BU3HadeHHsA 00’emiB PPB B mpumilieHHsX
HBK - OV B auctonani 2016 p. i rpyani 2021 p. Ouinoyna kinbkicte PPB Ha HIOKHIX
nosnaukax OV 10 scranosnenns HBK cknanana npi6mausao 340 M°. 3a n’ath pokiB
excruryatanii HBK kinbkicts P3B 3Husnnace 1o 265 m°.

Ha puc. 1 HaBeneno po3rainryBaHHs Millb ckymueHHs P3B Ha mani npumimieHb
OV na Bigmitku 0,00 cranom Ha uctonan 2021 poky. Sk BuninuBae 3 puc. 1 oCHOBHI
ckymueHHs1 P3B 3naxonarees B mpuminieHHsx 001/3 ta B npumimennsx 012/6 — 8
(miBHIYHA YacCTUHM) Yy MpUsMKax Ha BiAMITKH MiHyc 0,95 (puc. 2). B x0BTHI —
JUCTONA1 Ha Mij1031 TpuMiiieHs 012/6 — 8 B HaC/I110K YTBOPEHHS KOHEHCAIIHOT
Bojioru 3’ siBrincs PPB. I'muGuHa cix ckymueHns He 3HayHa 1 ckiagae 0,2 — 0,5 cm. B
MPUMIIIEHHSAX Apyroro momepxy Oaceitna — Oap6orepa 012/13 — 16 cranom Ha
mucronan 2021 p. PPB BiacyTHi.
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Puc. 1. I1nan po3ramyBanns ckynuenb P3B B npumimiennsx HBK - OV na
Biamitii 0.00.

0
Puc.2 Cxynuenns P3B B npumimennsx a - 001/316 - 012/6
(TiBHIYHA YaCTHHA)
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Ha puc. 3 Hagano auHamiky npuToky Boau 1o npumimenss 001/3 3 BizyanbHO
KOHTPOJIbOBAHUX JpKepen — 3 mapopo3noauibHoro kopuaopy (ITPK) B mpumiienus
01/3 Touka cnoctepexenus 20. B moromy 2021 p. Haaxomxenns P3B 3 Tpyou B
npuMimierdi 01/3 (t.c. 20) mpUNUHWIOCS, MOXJIMBO BHACIIIOK BHUIIAPOBYBaHHS
Boau. [lounHatouu 3 ceprHs crnocTepiraiocs: HaaXoMKEeHHs BOJIU B KubKkocTi 0,15 —
0,3 nom’. Haagxomkenus PPB 3 TpyOH TOB’si3aHE 3 YTBOPEHHSAM KOHJEHCAIINHOT
BOJIOTH BHACHIIOK pi3HMI TemmepaTyp 30BHI HBK — OV 1 B mpumimieHHsIX Ha
HIKHIX To3Haukax OY. Tak y mumai 2021 p cepenHs Temmeparypa 30BHIITHEOTO
nositps ckiagana 23,5 °C, a temneparypa B npumimiennsx 012/15 ta 210/7
cranosuna 15 °C.

Crik, M . 0. 20 —0— Onagn Onagu, Mm
1 O 180

Bcranosnenns "Apku" HBK OY
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Puc. 3 Jlunamika HagxomkeHHs Boau B npuMimienHs 001/3 3 tpy6wu 3 [IPK B
nepion 3 ciunsa 2016 no aucromnan 2021 pp.

Tabnui. O6’eMu OCHOBHUX BOJHUX CKymueHb B mpuMilieHHsXx HBK - OY

; 3
[TpuminieHHs ITo3nauka Bics Psan 5 0?66 ;M BOH;I (32Ml o
012/5 -8 -0,65 45-49 I'-X 17,0 0
012/5-8 -0,65 45-49 II-T 9,5 5,5
009/4 -0,65 49 - 50 K- 3,2 0
012/13-16 2,20 45 -49 I'-XK 25,0 0
012/13 -16 2,20 45 -49 II-T 3,1 0
01372 0,00 44 - 45 I'-E 1,2 0
014/2 0,00 44 - 45 K-HU 0,2 0
017/2 0,00 43 - 44 I'-E 5.4 0
018/2 0,00 42 -43 -u 0,1 0
061/2 6,00 41 -42 E-X 3,6 0
001/3 - 2,60 41 -52 Y-V, 275 262
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Jlunamika 3MiHM TJIMOMH BOJHMX CKymueHb B mpumimenHsx 009/4, 012/6
(mpusiMku Ha mto3Haui - 0,95), 012/8, 017/2, 012/13 1 012/16 micis BCTaHOBIICHHS
«Apxu» HBK B mpoekTHe mosio)keHHsI Toka3aHa Ha puc. 4. B npumimennsax 009/4,
012/8, 017/2 1 012/16 cnoctepiraerbcsi 3MEHIIIEHHS 00’ €MIB BOJHUX CKYIMYEHb 10
MMOBHOTO BUCHXaHHSI.

I'mubuna, cm
30

. 009/4
.012/6
.012/8
.017/2
.012/13
.012/16

01.02.20 -
01.05.20
01.08.2
01.11.2
01.02.21 -
01.05.21
01.08.21
01.11.21 -

01.11.17 -
01.02.18
01.05.18 1
01.08.18
01.02.19
01.05.19 1
01.08.19

01.11.16
01.02.17
01.05.17 1
01.08.17

Puc.4 I'nubuna BonHux ckynuens B npumiiieHHsx HBK — OY

Ha puc. 5 naBenena auHamika 3MiH KOHUEHTpallii ypany B PPB y nmpuminienHi
001/3 3a mepiox 2016 — 2021 pp. Ilicas Bcranosnenuss HBK y npoekthe
MOJIOKEHHS KoHIeHTpallist ypany B PPB npumimenss 001/3 3au3umnace 3 10 1o 6
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Puc. 5 Konnentparis ypany B P3B npumimenns 001/3

SIk BumHO Ha puc. 6, 00’emua aktuBHicth *’Cs B PPB mpumimens 001/3
IPAKTHUYHO HE 3MIHIOETBCSA 1 3HAX0MUThes Ha piBHi 7 - 10°— 1,1 - 10'° Bx/m*. 06’ emui
aktuBHOCTI *'Sr, 2"24Py i 2 Am y Boai npumimenus 001/3 3 nmoyarky ciuns 2017
P. MarOTh MOCTIAHMI TPEH I 10 3MEHIIEHHS i B )0BTHI 2021 p. cranosum: *Sr — 1,7
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- 10° Br/m?, 2297249%Py — 3.3 - 10° Br/m? 1 *'Am — 4,8 - 10° bx/M>. 3HmKeHHs 00’ eMHOT
akTUBHOCTI *’ST MOXJIMBO 3a PaxXyHOK YTBOPEHHS Ba)KKOPO3YMHHHX KapOOHATiB
SrCO; 1 cmiB ocamxkeHHs iX 3 kapOboHaTtamu Kaibiito CaCOs B yMOBax CHIJIBHO
Jy’>)KHOTO cepenoBuina B ymoBax pH 9,2 1 xoHueHTparii COs* 160-190 mr/mm>.
3umkenHs 06’emuoi aktuBHocTi 27*24Pu i 2'Am iimoBipHO BinmOyBaeThcs 3a
paxyHoK koaryisuii rigpokcuaiB miyTtoHito Pu(OH), ta Am(OH)s 1 ocamkeHHs
cnibHO 3 rigpokcuaamu 3amiza Fe(OH)s. MoxiuBe TakoX HaaXOMKEHHS BOAH 3

BucokuM BMicToM *’Cs 1 HU3bKMM BMicTOM 'Sr, 237*240Py § 2! Am.

Br/M

——Cs-137 B Sr-90 —&— Pu-239+240 —O— Am - 241
1,0E+11

1,0E+10

1,0E+09

1,0E+08

1,0E+07 2

1,0E+06

1,0E+05

01.04.16

01.01.16

01.01.17
01.04.17
01.07.17 A
01.10.17
01.01.18
01.04.18
01.01.19 A

Puc. 6 O6’emHa aktuBHicTb °Sr, 1¥'Cs, 2397240Py i

241 Am B PPB npuMimmeHns
001/3

BceranoBnenns apku HBK B mpoekTHe mOJI0KEHHS TMOBHICTIO BHKJIIOYHUIIA

MOXKJIMBICTh HAQJXO/DKCHHS aTMOoc(epHUX OmMajiB B MPUMIIMICHHS 00 €KTY

«YKpuTTs». 3a I1’ATh POKiB 3 MOMeHTY BcTaHoBiieHHs HBK B mpumimennsx 013/2,

014/2, 017/2, 009/4, 012/5 — 8 1 012/13 — 16 HeopranizoBaHi ckymdeHHs PPB

noBHiCTIO BucoxyM. CymapHuii 06’em P3B Ha HWXKHIX MO3HAYkax o0 €KTY
«YKPUTTS» 3MEHIIUBCS TPUOIM3HO Ha 75 M°.

Y TBOpeHHS KOHJICHCAIIMHOI BOJIOTH B JIITHIN TMEp10j] ICTOTHO HE BIUJIMBAE HA
00’emu ckynmuens P3B.

[Ipu BumnaproBaHHi Boau BigOyBaeTbes 3HauHe (10 — 20 kpaTHe) 301IbILIEHHS
KOHIIEHTpALIii ypaHy, MaKpOKOMITOHEHTIB 1 06’ €MHOi aKTHBHOCTI paioHyKIimiB *'Sr,
B37Cs, 238py, 297240py i 2! Am B ckynuennsax PPB.

B mpumimenssax 001/3 1 012/6 — 8 (mpusmku Ha mo3Haywi — 0,95) KiIbKICTh

PPB 3a nepiog 2017 — 2021 pp. 3MeHIIMIOCS HE 3HAYHO, MPU [IbOMY KOHIIEHTpaLlis
ypaHy Ta IMTOMa akTUBHIiCTH *°Sr, 2*%Pu, 24Py i ! Am B ckynuennsx PPB Tex
3MEHIIITUCS.
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LIQUID RADIOACTIVE WASTE IN THE “SHELTER” OBJECT 5 YEARS
AFTER INSTALLATION OF NEW SAFE CONFINEMENT

Odintsov Oleksii, Khan Valeriy

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 volumes and radiation
characteristics of liquid radioactive waste (LRW) at the lower marks of the “Shelter”
Object 5 years after the installation of the new safe confinement (NSC) in the design
position are presented. In the period 2016 - 2021 in the premises 017/2, 012/5 — 8,
012/13 — 16, 009/4, 013/2, 014/2 and 210/5 - 7 the water has dried completely. A
decrease in the amount of LRW occurs due to the evaporation of water in the autumn
- winter seasons and is not compensated by the formation of condensation moisture
in the summer. In December 2021 five years after the installation of the NSC in the
design position the LRW were only in the premises 012/6 — 8 and 001/3. As a result
of water evaporation, the concentrations of macro components and uranium, as well
as the volumetric activities of radionuclides 90Sr, 137Cs, 154,155Eu,
238,239,240Pu, 241Am and 244Cm in the LRW increased significantly. The
volumetric activities of radionuclides are 90Sr -n - 109, 137Cs -n - 1010, 154Eu - n
106, 239 + 240Pu - n - 106, 2414Am - n - 107, 244Cm - n - 105 Bq / m3. As a result
of drying out accumulations of radioactively contaminated water, highly active
deposits are formed, which are a source of radioactive aerosols in the premises of
the Shelter Object.

XAPAKTEPCTUKA PAJIIAIIIMHOI OBCTAHOBKH Y 30HAX
BUKOHAHHS POBIT 1O JEMOHTAKY HECTABLJIBHUX
KOHCTPYKIIA OB’EKTA «YKPUTTS»

llasnoscovkuii JI. 1., €2opos B. B., Xomenko /{. O.

[actutyT mpobaem 6e3neku AEC HAH VYkpainu, Byn. Kiposa, 36a,
YopuoOuns, 07270, Ykpaina

Y 2021 poui moyaBcsi MpoLEC MPOEKTYBAaHHS 3aXOMdiB IO JIEMOHTAaXY
HeCTaOUTPHUX KOHCTPYKIIN 00’exkty «Ykputts» (OY). Ha mnepmomy etamy
NPOEKTYBaHHS OylM BUKOHAHI TEPEANPOEKTHI JOCITIKEHHS, XapaKTePUCTHK
pajiaiiitHoi 00CTaHOBKHU y 30HaX BUKOHAHHS OY1BEJIbHO-IEMOHTKHUX POOIT.

IIpu mpoBeneHHI JOCHTIKEHb 3aCTOCOBYBAIMUCS PI3HOMAHITHI METOAM 1
CIOCOOM JTO3UMETPUYHHUX BUMIPIB, K1 MO3BOJUIN BUKOHATH POOOTH Y PAKTUYHO
HEJOCTYIMHUX MICISX 1 Y 30HaX Jie BeMMunHa nmoTyxHocTi 103U (I1J]) nepeBuiyBana
30m3B/ron. Bumipu 3aivicaroBasiucs daxieigvu 116 AEC HAHY 3a gonmomororo
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YHIKaJIbHOTO JTO3UMETPUYHOTO OOJNafHAHHS 1 MPUCTPOIB, sAKi Oynu mpuadaHi, abo
BUTOTOBJICHI Ha 0a3l IHCTUTYTY.

VY pesynbTaTi AOCIIKEHb OTPUMaH1 XapaKTepUCTUKHU palialliiHoi 00CTaHOBKH
Ha poOOYMX MICIAX MalOyTHROI MISJIBHOCTI 1O JAEMOHTaXy HECTaOUIbHHUX
KOHCTpyKIii OY.

OOcsr OTpUMaHUX JIaHUX € JOCTaTHIM JUIsl pO3POOKH MPOEKTHUX PYIIECHb 10
«PaHHBOMY» JIEMOHTaXy HECTAaOLIbHUX KOHCTPYKIIN Y mpolect MpOoeKTYyBaHHS
MOKJIUBO 3 SBHUTHCS HEOOXIIHICTh YTOYHEHHS ACIKUX TMOKA3HUKIB pajliamiifHOl
OOCTaHOBKH.

Pamiariitni BUMipioBaHHA BUKOHaH1 y mepiona 3 BepecHs 2021 p. mo rpyneHb
2021 p.

KmouoBi caoBa: pocmymkenns, IIIb AEC, nemoHTaxx, HecTaOUILHI
KOHCTPYKIIi, BEJIMYMHH TMOTYKHOCTI  JO3M, KYyTOBHM pO3MOAUI Trama-
BUIIPOMIHIOBaHHS, TIIOBEPXHEBE paJl0aKTUBHE 3a0pyJHEHHs, KOHLIEHTpauis
pagioaKkTUBHUX aepo3odiB, koMmiuiekc HBK-OVY.

CranoM Ha nmovyaTok 2022 poky 3aBepILEHO APYTUi eTal epeTBOPEHHs 00’ €KTa
«YKpUTTS» B €KOJOTrIYHO Oe3leuHy cucreMy, ToOTO OyB 3alpOeKTOBaHM,
30yfoBaHuil Ta 3maHuii B ekcruryatamio komrmuiekc HBK-OVY. VYV pesynbrati
MPOBEJCHUX pOOIT PHU3UK pajiallifHOI Ta EKOJOTiYHOi HeOe3NmeKu 00’ €KTy
Ykputtsa», a Takox komiuiekcy HBK-OVY y niniomy, 3Ha4HO 3MEHILUBCS, MPOTE BiH
e 3aJMIIMBCA 1 € JAOCUTh 3HAYHUM. [IpH4MHOI0 IBOTO, € ICHYIOYl HECTaOlIbHI
koHCTpyKUii OV, sxi1 Oynu 3MoHTOBaH1 y 1986 poui. TepMin iX ekcrutyartarii micis
BUKOHAHHS 3aX0/IiB IO iX cTadimizaii 3akinuyeTbes y 2025 poii. ToOTo, yxe 3apas
ICHYIOTh 1 OyJlyTh HIABUILYBATHCS PU3MKUA OOBaJICHHS HECTAOUTbHUX KOHCTPYKIIIH
OV, mo npuBene 10 3HAYHOTO pajdialliiHOro 3a0pyIHEHHS MOBEPXOHb BCEPEIUHI
KOHCTPYKIIiT ApKU Ta 30UIbIICHHS BUKU/IIB PallOAKTUBHUX a€p030JiiB y aTMochepy.

Y 2021 poui moyaBcsi TpPOIEC TMPOEKTYBAHHS 3aXOIB MO JEMOHTaxXy
HECTAOUThHUX KOHCTPYKIiM 00’ekty «Ykputts» (OY). Ilepem mnouaTkom
MPOEKTYBaHHS Oy BUKOHAHI TEPEANPOEKTHI JOCTIIKEHHS, XapaKTePUCTHUK
pamiariiitHoi 0OCTaHOBKHM y 30HaX BUKOHAHHS Oy/iBETHHO-IEMOHTAXHUX POOIT.
Panmiamiitai qocnimxenHs Oymu nposeneHi ¢axisisivu [[1b AEC y epion 13 BepecHs
o rpyaeHb 2021 poky.

PesynbraTty paniauiiHuX AOCHIIHKeHb OyAyTh BHUKOPUCTaHI TpPHU pO3poOLl
TEXHOJIOTTYHUX MPOEKTHUX PIILICHb.

OCHOBHOIO METOIO iX TPOBENEHHS OyJIO0 OTPUMAHHS JOCTATHBOI KUIBKOCTI
BUXIJIHUX JAaHUX JJIsl MPOCKTYBaHHS OYya1BEIbHO-IEMOHTAXHO1 A1SUTBHOCTI B 30HAX
BUKOHaHHS poOiT (3BP).

[Ipu poBeeH1 paialiiftHuX BUMIPIB JOCIIIKYBaIUCS TaKl TapaMeTpu:

*  BEIWYWHHU NOTYXHOCTI 1031 (I1]]) raMMa-BUIIpOMiHIOBAHHSI B 3aJI€KHOCTI
BiJl KOHKPETHUX YMOB.

*  KyTOBI pO3MOJUICHHS TaMMa-BUIIPOMIHIOBAHHS B 3aJIeKHOCTI BiJ
KOHKPETHHX YMOB;

*  XapaKTEepUCTHKH IMOBEpPXHEBOro 3a0pyaneHHs 3BP;

*  00’eMHa aKTHBHICTb paAlOHYKIiAIB y oBiTpi 3BP.
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Paniariitai qocaiakeHHs 3A1MCHIOBAIOCS Y CKIAIHUX padiamiiiaux ymosax. [1o
111 MpUYKHI OYB NPUUHATUHN P IPUHIUITIATIBHUX MOJI0XKEHb, K1 3 OJJHOT CTOPOHU
3a0e3neumnsii BUKOHaHHS 00cAry BUMIPIOBaHb, HEOOX1HOTO JIJIsi MPOCKTYBAHHS, a 3
JPYToi — MiHIMI3yBaJId JIO3U IEPCOHATY.

[To oTpuManuM pe3yiibTaTaM Mo0y/1I0BaHI KapTOrpaMu PO3MOJILITY MOTYKHOCTI
703U Ha 3arajibHOMY BUJ1 00'€eKkTa « YKPUTTS» 13 PI3HUX CTOPIH 3 MPUB’SI3KOIO 0
koHcTpykiit HBK-OV.

[To koXxHIN 30HI, J€ po3TalIoBaHa HECTaOlIbHA KOHCTPYKIIiSl, TPOBEICHUIA
anami3 BenuauH [1]] Ta xapakTepucTrka iX po3moainy.

Pesynpratu BuMipiB BemmuuH [1J] y 3BP noka3yroTs 3MeHIIEHHS 3HAYEHb T10
BCIM POOOYHM MICLISIM, 1€ 00YCIIOBJIEHE YCTAHOBKOIO APKH Y POEKTHE MOJIOKEHHS,
TOOTO €KpaHyBaHHS OOOJIOHKOIO apK{ pO3CISTHOTO y MIapl TMOBITpS Tamma-
BUNpOMiHIOBaHHA. Po3noainenns BenuuuH [1/] mo mocnimkenuM 3oHaM pizHe. Tak,
U AeIKUX 30H po3noaiieHHs 1] € mpakTHIHO OAHOPIAHKM, a TIO APYTUM 30HAM
HeoaHopiaHe (BemuuuHu [1]] Bimpi3HsAOTECA Ha MOpsiAoK 1 Ounbine). HaitOinbir
BenuuuHu [1]] 3adikcoBani B 3BP «Haxkar 13 Tpy6» y paiioni 61oky «CoOaubs
Oynka» nmonana 48 m3B/rox Ta Ha 3aBanax Hax JIE monazn 35 mM3B/ros.

Pesynbrati mOCHIKEHb KYTOBUX PO3MOJUIEHb TaMMa-BUIIPOMIHIOBAHHS
JI03BOJISIIOTh  3pOOMTH BUCHOBOK, TIPO BIJICYTHICTH CYTTEBUX 3MIH PO3MOJLITY
1HTEHCUBHOCTI TaMMa-ButipoMiHioBaHHs B 3BP. [losicHeHHSIM BiJICyTHOCTI 3MiH € Ta
oOcraBuHa, mo 3a nepiog 13 2003 poky mo 2021 pik mepeMillleHHS MacHUBHHUX
KOHCTPYKIIH, SIKI MatOTh €KpaHyl04l BJIaCTUBOCTI, BcepenuHi OY He BiI0yBanucs.

Pesynbratu pocmijkxens [13 BkazyroTh Ha 3HayHEe 30UIBLICHHS 3alWJICHHS
30BHIIIHIX MOBepXoHb NOKpiBIl OY. Tak, Maca nwity Ha NokpiBisiX OY CTaHOBUTH
~ 15 r/M?, a #ioro akTuBHIicTh ckianae Big 440 no 580 kBK/Kr a-akTUBHUX, 200 Bif
16150 no 19300 kbk/kr 6eTa- i raMMa-aKTUBHUX HYKJI1J1B. 32 MUTOMOIO aKTHUBHICTIO,
takuil nui Bianosinae kputepisim (OCITY-2005) nepmoi 1 Tperboi TIpynu
cepeaaboakTuBHUX PAB. Coin Bia3HAUMTH, i 9ac JOCTIHKEHb MOBEPXHEBOIO
3a0pyJHEHHS 4YacTKa, IO JIETKO 3HIMaeTbcsl 3 TOBepxHI, gocsarae 90 % Bixg
3aranbHOro 3a0pyaHeHHsA. lle nmae 3Mory pexkomMeHayBaTH Mepes IMOYaTKOM
JEMOHTaXHHUX pOOIT 000B’3KOBE 3aCTOCYBAHHSI POMUCIOBHUX MHJIOCOCIB.

Pesynbrati BUMIpIB pPIBHOBKHOI KOHIICHTpAIl PaJiOaKTHBHUX aepO30JIiB
MOKa3yI0Th, 110 3a0pyAHEHHS TOBITPs y BCix 3BP He mepeBwuiye Takux BEIUYUH:
IS . - aKTUBHHEX - 6,2 Bx/M>, 0,12 Bk/M? - 11 B - akTMBHMX HYKIIiAiB. BuHATKOM €
3BP y npumimenni mamsany 1'438/4, ne noBITpsiHE CEPEIOBUILIE XapaKTEPU3Y€EThCS
3HAYHUM 3aIIMJICHHAM MOBITPS, a CAME: MO o - aKTUBHHX - 4,5E+02 Bx/M°, 9 Br/m? -
1o B - akTuBHUM HykiAaM. Lle nosicHioeTbes, o y npuminieHHi 1'438/4 € nocriiini
MOBITPSIHI TOTOKH (MOJIMBO KOHBEKIIIS), K1 TPOBOKYIOTh MIAHOM paioaKTUBHOTO
nuiay y moBiTps npuminieHHs [438/4 Ta B3arajai y MOBITPSHE CEpPEIOBUILE
MaIlIMHHOTO 3ty Mik ocsimu A-b, 39-65. J{ns 3HM»KEHHS 00’€MHOi aKTUBHOCTI
pamioHyKIiIIB B TOBITpi mnpumimeHHs [-438/4 HEOOXiMHO TPOBECTH CEaHCH
MICII€BOTO MUJIOTIPUTHIUEHHSI.

Buxonsaum 13 pe3ynbTaTiB  JAOCHIDKEHb pajiallifHUX yMOB, MOJXKHa
KOHCTaTyBaTH, 1110 00CAT OTPUMAHMUX JAHUX € JOCTaTHIM JJIs1 PO3POOKH MPOESKTHUX
pYLIEHb MO «PAaHHbOMY» JEMOHTA)XXy HECTaOUIbHUX KOHCTPYKLIA Y mpoieci
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MIPOEKTYBAHHS MOXJIMBO 3’SIBUTHCS HEOOXITHICTh YTOYHEHHS JNESIKUX TMOKA3HUKIB
pajiaiiitHoi 00CTaHOBKH.

CHARACTERISTICS OF THE RADIATION SITUATION IN THE AREAS OF
DISMANTLING UNSTABLE STRUCTURES OF THE FACILITY
«SHELTER»

Paviovsky L. I., Khomenko D. O., Yehorov V. V.

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

As of the beginning of 2022, the first stage of transformation of the «Sheltery
facility into an environmentally safe system has been completed, ie the NSC-SO
Complex has been designed, built and put into operation. As a result of the work
carried out, the risk of radiation and environmental safety of the «Sheltery facility,
as well as the NSC-SO Complex.complex as a whole, has significantly decreased, but
it still remains and is quite significant. The reason for this is the existing unstable
structures of the SO, which were installed in 1986.

In 2021, the process of designing measures to dismantle unstable structures of
the «Sheltery (SO) began. At the first stage of design, pre-design studies,
characteristics of the radiation situation in the areas of construction and dismantling
works were performed. The results of radiation research will be used in the
development of technological design solutions.

Various methods and techniques of dosimetric measurements were used in the
research, which allowed to perform work in virtually inaccessible places and in
areas where the dose rate (DR) exceeded 30 mSv / h. Measurements were carried
out by specialists of the ISP NPP NAS of Ukraine using unique dosimetric equipment
and devices that were purchased or manufactured on the basis of the institute.

As a result of researches the characteristics of a radiation situation on
workplaces of the future activity on dismantle of unstable designs of SO are received.

The amount of data obtained is sufficient to develop design guidelines for
"early" dismantling of unstable structures. In the design process, it may be necessary
to clarify some indicators of the radiation situation.

Radiation measurements were performed in the period from September 2021 to

December 2021.

Key words: research, ISP NPP, dismantling, unstable structures, dose rate
values, angular distribution of gamma radiation, surface radioactive contamination,
concentration of radioactive aerosols, NSC-SO complex.
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INTERPRETATION OF RADIATION-ECOLOGICAL INDICATORS
OBTAINED BY USING OF THE “NUVIA” INTEGRATED AUTOMATIC
SYSTEM FOR ENVIRONMENTAL RADIATION MONITORING AND ITS
CORRELATION WITH DATA PROVIDED BY THE UKRAINIAN
HYDROMETEOROLOGICAL CENTRAL AUDIENCE SERVICE OF
UKRAINE FOR EMERGENCY SITUATIONS

Polyakova Iryna Oleksandrivna’ (Ph.D.), Stratilat Dmytro Petrovych?, Maidannyk
Tetyana Petrivna’, Budnyk Oksana Petrivna (Ph.D.)*

"Deputy Director for Production Affairs of SSE "Radon Association", Kyiv,
e-mail: polyakova_ira@ukr.net
’Leading Engineer of the Department of Radioactive Waste Management and
Research of SSE "Radon Association", Kyiv, e-mail: reactor 104@ukr.net
3Head of the Information Preparation Sector of the Ukrainian Hydrometeorological
Center of the SES of Ukraine, e-mail: office@meteo.gov.ua
4*Junior Researcher of the International ”SES” laboratory of the Institute of Physics
of the National Academy of Sciences of Ukraine,
e- mail: fortune567@gmail.com

Annotation.The correlation of data obtained from the posts of the “Nuvia”
Integrated Automatic System for Environmental Radiation Monitoring (IASERM)
of the State Specialized Enterprise "Radon Association" (SSE "Radon Association")
and meteorological stations of the Ukrainian Hydrometeorological Center of the
State Emergency Service of Ukraine is shown.

The information on the shortcomings revealed during the trial operation of
“Nuvia” IASERM located at the radioactive waste storage facilities of SSE "Radon
Association" at the Central Manufacturing Area (CMA) (Kyiv), Dnipro interregional
branch, Odessa interregional branch, Lviv interregional branch and Kharkiv
interregional branch.

The informational data of y-radiation dose rate and values of volume a-activity,
volume B-activity of «NUVIA» IASERM in the period from 25.02.2022 to
15.04.2022 and y-radiation dose rate values from UkrHMC meteorological stations
are given.

The possibility of using meteorological stations UkrHMC and «NUVIA»
IASERM SSE "Radon Association" as a reserve in relation to each other, in case of
failure of any posts of radiation - environmental control (application of the principle
of interchangeability) has been shown.

Introduction. As a result of armed actions in Ukraine, interregional branches
and the Central Manufacturing Area of the State Specialized Enterprise "Radon
Association" (SSE "Radon Association") have suspended licensing activities related
to the processing of radioactive waste (PRW) and transportation of radioactive
materials, in addition to monitoring the status of radwaste and the environment, as
well as the elimination of radiation accidents and their consequences in Ukraine.

78


mailto:polyakova_ira@ukr.net
mailto:reactor_104@ukr.net
mailto:office@meteo.gov.ua
mailto:fortune567@gmail.com

Invasion of the aggressor into the territory of the Exclusion Zone and the zone of
unconditional (compulsory) resettlement, including the Chornobyl NPP and
Zaporizhzhya NPP (NNEGC "ENERGOATOM"), as well as the shelling of the nuclear
installation “Neutron source” based on subcritical assembly controlled by an electron
accelerator of the National Science Centre "Kharkiv Institute of Physics and Technology"
of the National Academy of Sciences of Ukraine, created a risk of spreading radionuclides
outside the facilities and their sanitary protection zones and observation zones.

To obtain operational information and control the radiation situation (dose rate of
y-radiation, values of volumetric a - activity, volumetric B - activity in the air) and
meteorological data at radioactive waste storage facilities (RWSF) of the Central
Manufacturing Area (Kyiv), Dnipro interregional branch (Dnipro and region), Odessa
interregional branch (Odesa and region), Lviv interregional branch (Lviv and region)
and Kharkiv interregional branch (Kharkiv and region) of SSE "Radon Association"
connection is carried out with the help of the "Nuvia" Integrated Automatic System for
Environmental Radiation Monitoring (IASERM) as it is impossible to get to the
facilities for specialists to perform routine work on RWSF in martial law.

MONITORING OBSERVATIONS AND DATA CORRELATION
ANALYSIS

Starting from February 25, 2022, operational control over the radiation
parameters of the conditionally "dirty" zone at the RWSF of the Dnipro Interregional
Branch (DIB), Lviv Interregional Branch (LIB), Odessa Interregional Branch (OIB),
Kharkiv Interregional Branch (KIB) and the the Central Manufacturing Area (CMA)
of the SSE "Radon Association" is performed by using the «NUVIA» IASERM.

Figure 1 shows the interface of information data coming from the «NUVIA»
IASERM.

Overview ® Stations type 2

7 @ Gamma probe (BRO1) & Gamma probe (BR02) @ Gamma probe (BR03)
[ stiolype 2 @ H(10) 0.3 psvh | @ He(10) 0.15 psv/h | @ H¥(10) 0.11 pSv/h
W Station type 3 (UB02) @ Gamma probe (BR04) © Gamma probe (BRO05)

® H*(10) 0.11 pSv/h | H*(10) 0.11 pSv/h

W Station type 3 (UB03)

® Station type 3 (UB02) @ Station type 3 (UB04) ® Station type 3 (UB03)

Station type 3 (UB04) © Aerosol monitor (BRO1) & Aerosol monitor (BRO1) W« Aerosol monitor (BRO1)
W Station type 4 (UB01)
Log w Air sampler (BR02) Air sampler (BR02) W Alr sampler (BR02)
@ Flow 15 m?/h Fow 0.0 m¥h | @ Flow 15 m*h
Login @ Air Volume 3940 m? Air Volume om? @ Air Volume 16906 m?

W Control system W Control system W Control system

@ Inner Temperature 14,5 °C @ Inner Temperature 19.0 °C @ Inner Temperature 14.4 °C
@ Inner Humidity 27 % @ Inner Humidity 19 % @ Inner Humidity 26 %
@ State of Battery Charge 100 % @ State of Battery Charge 100 % @ State of Battery Charge 99 %
@ Main supply OK @ Main supply oK @ Main supply OK

® Station type 4 (UB01) ® DC/PD Unit (UHO3)

W Weather Station ® PC
@ Temperature 4.2:9C ® Cu 9 %
@ Humidity 66 % @ Disc Free Capacity 440.5 GB
@ Air Pressure 1012.0 hPa | Free RAM 1.8 GB
@ Rainfalls 0.0 mm/h| @ State of Battery Charge 100 %
@ Solar Radiation Intensity <128 W/m? | @ Main supply 0K

@ Wind Direction 10m/35m 3159

@ Wind Speed 10m/35m 4.2 m/s
@ Wind Direction 2m 322 ©

@ Wind Speed 2m 3.6 m/s

Figure 1. Example of informational data of y-radiation dose rate, values of volume o -
activity, volume [ - activity in air and meteorological data from IASRM "Nuvia".
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Fixed range of values radiation background in the territory of conditionally
"dirty" zones of RWR are within:

-CMA -0.09 - 0.20 £ 15% uSv / year

-DIB-0.10-0.12 + 15% pSv / year

-OIB-0.09-0.21 £ 15% puSv / year

-LIB-0.10-0.13 £ 15% puSv / year

-KIB-0.09 - 0.14 £+ 15% puSv / year

Values of volume alpha activity <0.05 Bq/ m?, volume beta activity <0.5 Bq /
m?. These values do not exceed the levels that were fixed before the start of
hostilities.

There were no local points with background values exceeded for the period from
February 25, 2022 to April 15, 2022. The release of radionuclides from radwaste
storage facilities into the environment does not occur. The state of radiation -
ecological situation at DIB, LIB, OIB, KIB and CMA is satisfactory and controlled.

Reporting materials on the state of the radiation situation at the CMA, DIB, LIB,
OIB, and KIB of the SSE "Radon Association" are periodically published on the
official website of the National Commission for Radiation Protection of the
Population of Ukraine [1], and transferred to the SNRCU, the State Exclusion Zone
Management Agency of Ukraine and the Ministry of Environmental Protection and
Natural Resources of Ukraine.

Given the fact that access of personnel to the RWSF of the to enterprise SSE
"Radon Association" is limited and sometimes impossible during military
aggression, there is a need for uninterrupted and stable operation of the radiation
control and monitoring system and secure transmission of information data.
Approximately in accordance with the abovementioned requirements, the system
installed on the RWSF of the enterprises of SSE "Radon Association" is IASERM
"Nuvia", which has critically dangerous deficiencies that were identified during the
trial operation.

It was found that when the control posts were de-energized IASERM "Nuvia",
the normal operation of radiation monitoring devices and meteorological stations will
be provided by power plants for less than 2 hours, after which the work of control
posts will be suspended until the power supply is restored and equipment is restarted
(in the presence of staff). It is not possible to transmit information data via mobile
communication periodically and for a long time, also, there are a number of other
shortcomings in the work that were identified during the experimental operation of
this equipment.

Having experience in the occupation of the Chornobyl Exclusion Zone and the
territory of the Chornobyl NPP, due to the power outage of the Automated Radiation
Control System (ARCS), in fact, from March 25, 2022, control over the radiation
situation was lost [2].

In order to prevent the loss of control over the radiation situation and
meteorological data on the RWSF of the CMA, DIB, OIB, LIB, and KIB of the SSE
"Radon Association", as well as for the secure transmission of information and use
of alternative radiation monitoring systems, specialists of the SSE "Radon
Association", together with specialists of the Ukrainian Hydrometeorological Center
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of the State Emergency Service of Ukraine (UkrHMC) conducted an analytical study,
namely -analysis of information data on dose rate y - radiation for the period from
25.02.2022 to 15.04.2022 and established correlation between them for the purpose
of use meteorological stations UkrHMC and TASERM "Nuvia" as a reserve in
relation to each other, in case of failure of any posts of radiation - environmental
control (the principle of interchangeability).

The study analyzed data obtained by using of the IASERM "Nuvia", located at
the CMA of SSE "Radon Association" in Kyiv (Holosiivskyi district), as well as data
provided by UkrHMC in Kyiv (Holosiivskyi district).

Places of independent observation of the radiation situation and meteorological
data are given in Figure 2.
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Figure 2. Places of indpndent servation in the Holosiivskyi district of Kyiv in
the period from February 24, 2022, to April 15, 2022

In Figure 2, number 1 indicates the location of the independent location of
radiation control and monitoring posts by using «NUVIA» TASERM, the number 2
indicates the location of the meteorological station UkrHMC.

Figure 3 provides information data from the UkrHMC meteorological station in
tabular form, indicating the date of measurements, precipitation (mm), and radiation
background (1R / h). Systematic and random errors during measurements are 20%.
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Rainfall Radiation Rainfall Radiation
Date (mm) background Date (mm) background
(UR /h) (1R /h)
25.02.22 - 14 22.03.22 - 14
26.02 - 15 23.03 - 12
27.02 0,2 17 24.03 1 14
28.02 - 15 25.03 0,9 15
01.03.22 1,1 16 26.03 0,7 17
02.03 1,0 14 27.03 0,0 15
03.03 0,3 13 28.03 - 15
04.03 0,1 15 29.03 1 13
05.03 - 13 30.03 0,3 15
06.03 0,6 16 31.03 0,7 14
07.03 0,0 15 01.04.22 7 12
08.03 1 16 02.04 4 17
09.03 9 15 03.04 1 13
10.03 0,7 15 04.04 0,0 15
11.03 - 14 05.04 0,3 15
12.03 0,0 15 06.04 - 14
13.03 0.3 16 07.04 - 12
14.03 - 15 08.04 3 10
15.03 - 15 09.04 1 16
16.03 - 16 10.04 0,8 13
17.03 - 14 11.04 0 12
18.03 - 15 12.04 - 13
19.03 - 15 13.04 0,0 13
20.03 - 13 14.04, - 15
21.03 - 13 15.04 - 16

Figure 3. Information data from the meteorological station of UkrHMC
(Holosiivskyi district of Kyiv) for the period from 02.25.2022 to 04.15.2022 [3].
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Figure 4. Dose rate y - radiation obtained with the help of TASRM "Nuvia" and
UkrHMC from 25.02.2022 to 15.04.2022
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Based on the information data of the radiation control and monitoring posts of
the «NUVIA» IASERM, the CMA of the SSE "Radon Association", and the
information data of the UkrHMC meteorological station, a graph of y-radiation dose
rate values for the abovementioned period was constructed, as shown in Figure 4.

Figure 4 on the abscissa shows the date of measurements (for example, 25.2 -
25 February 2022, 4.3 - 4 March 2022, 11.3 - 11 March 2022, etc.), on the ordinate
axis dose rate y - radiation (uSv / year).

The red line indicates the dose rates of y - radiation provided by the «NUVIA»
IASERM, and the blue line - the dose rates of y - radiation provided from the
metrological station UkrHMC.

The obtained data correlate with each other.

Conclusions. During martial law to obtain operational information and control the
radiation situation (y-radiation dose rate, values of volumetric a - activity, volumetric f3 -
activity in the air) and meteorological data at radioactive waste storage facilities (RWSF)
of the Central Manufacturing Area (Kyiv), Dnipro interregional branch (Dnipro and
region), Odessa interregional branch (Odesa and region), Lviv interregional branch (Lviv
and region) and Kharkiv interregional branch (Kharkiv and region) SSE "Radon
Association" needs to modernize and upgrade the Nuvia Integrated Automated Radiation
Monitoring System.

It is necessary to modernize and upgrade the the “Nuvia” Integrated Automatic
System for Environmental Radiation Monitoring.

Available data indicate that in the period from 25.02.2022 to 15.04.2020 no
anomalous increase in the dose rate of y-radiation was recorded in the south-west of Kyiv.

There are no local points with background values exceeded for the period from
February 25, 2022 to April 15, 2022. The release of radionuclides from radwaste
storage facilities into the environment does not occur. The state of radiation -
ecological situation at DIB, LIB, OIB, KIB and CMA is satisfactory and controlled.

To monitor the radiation situation in Kyiv in case of refusals and inability to obtain
data from other government agencies, the system "Nuvia" IASERM located on the
territory of the CMA of the SSE "Radon Association", can be used as a backup. This
function can also be performed by similar systems located on other areas of the SSE
"Radon Association".

References:

1. Official site of the National Commission for Radiation Protection of Ukraine.
Access code:http://nkrzu.gov.ua/

2. Pollution monitoring in the Chornobyl zone does not work, the latest indicators:
exceedance of the norm by 7 times - SAEZ, access code:https://www.radiosvoboda.org/
a/news-monitorynh-chaes-ne-pratsiuie/31778214.html

3. Information data were provided by the Ukrainian Hydrometeorological
Center of the State Emergency Service by Letter to the SSE "Radon Association"
(Ex. Ne 01-18 / 366 dated April 21, 2022).
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IHTEPITPUTAIIA PAJJIALITHHO-EKOJIOTTYHHX ITOKA3SHHUKIB
OTPHMAHHX 3A JOITOMOT OF0 IHTETPOBAHOI ABTOMATH30BAHOI
CUCTEMH PAJIAIIIHHOT O MOHITOPHHT'Y «NUVIA» TA KOPEJIALIA
3 TAHUMH YKPATHCBKOTI' O I'l/TPOMETEOPOJIOT'TYHOI' O IIEHTPY
JEP)KABHOI CJIYKEH YKPATHH 3 HA/I3BUYAHHUX CUTYAIIIH

Honaxoea Ipuna Onexcandpiena’ (x.m.n.), Cmpaminam mumpo Ilempoeuy’,
Maiioannuk Temana Ilempisna’, Byonux Okcana Iempiena®(x.m.n.)

13acmynnux oupexmopa 3 eupobruyux numans JJCIT « 06 conannsn «Padomny,
M. Kuis, e-mail: polyakova_ira@ukr.net.
[Iposionuil indcenep ynpasiinHa N060OACEHHS 3 pAOIOAKMUSHUMU 8I0X00aMU Ma
Haykogoi disnbnocmi J[CII « 06 eonanusa «Padouy, micmo Kuis,
e-mail: reactor 104@ukr.net.
33agioyioua cexmopom niozomosxu ingopmayii Ykpaincokozo
eiopomemeoponoiunoeo yeumpy J{CHC, e-mail: office@meteo.gov.ua
“Mmonoowuii naykoeut cniepobimuux rabopamopiilncmumymy gizuxu HAH
Ykpainu, e- mail: fortune567@gmail.com

Anomauyia. [lokazano Kopensayito OaHUX OMPUMAHUX 3 NOCMIE [HME2POBAHOT
asmomamu3zoeanoi cucmemu paodiayitinoco KoHumpoaro «Nuviay Jlepicaenozo
cneyianizoganoz2o nionpuemcmea «06’conanua «Padony ma memeoponociunux
cmanyii  Ykpaincokoeo 2iopomemeoponociuno2o yenmpy JlepacagHoi cayaircou
Ykpainu 3 naozeuuatinux cumyayiti.

Haseoeno ingopmayiro wooo Hedonikie, euseieHux nio uyac OO0CHOHOL
excnnyamayii IACPM « Nuviay, po3mauio8anux Ha nyHKmax 30epieanus paoioaKkmueHux
8ioxo0is J[CII « 06 'eonanns « Padouy Ha yenmpaibHoMy BUPOOHUYOMY MAUOAHUUKY (M.
Kuis), /Ininposcokiti mixcoonacniu inii, Odecvkitl mincobnacnuitl ¢hinii, Jlvsiscokiil
midcobnacuiu Qinii ma Xapxiscoxii midxcoonachi ¢inii.

IIpuseodeno ingpopmayiini 0ani nOmMysHcHOCmi 003U Y — GUNPOMIHIOBAHHSA MA
3HaueHb 00 emMHOI o — akmueHocmi, 00 ' emnoi f — axmuenocmi IACPM «Nuviay y
nepioo 3 25.02.2022 no 15.04.2022 ma 3HaueHb nOMYN’CHOCMI 003U ) —
BUNPOMIHIO8aHHS 3 MemeocmaHnyiu Ykpl[CM.

llokazana moorcaugicms 3acmocy8anus memeoponociunux cmanyiu Ykpl{CM
ma IACPM «Nuviay JICII «O6’eonannus «Padou» sk pe3epeHux no 6i0HOULEHHIO
O0OHUX 00 THWUX, Y pa3i 6ux00y 3 1ady 6)y0b — AKUX NOCMIB PAJIAYIUHO - eKOJI02IUHO20
KOHMPOIO (3ACMOCY8AHHS NPUHYUNY 83AEMO3AMIHHOCMI).

Bemyn. B pezynemami 30pounux O 6 Ykpainwi midcodnacui @inii ma
YeHmpanvHuli  8UPOOHUYUL — MauoaHuuk  /lepocasnozo  cheyianizo8aHo2o
nionpuemcmsa « 06 ’eonanus  «Padony (/[CII «O6 eonanns «Paoony) npunununu
JIYeH3IUHY OLLIbHICMb, N08 S3aHY 3 NepepoOKoo padioakmusHux 6i0xodie (PAB) ma
nepese3eHHAM padioaKmueHUx mMamepianie, okpim MoHimopuuey 3a cmavom PAB i
O00BKIIA, a4 MaKkodic niKeioayii padiayiinux aeapii ma ix HAcNiOKi8 Ha mepumopii
Ykpainu.
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Bmopenenns azpecopa na mepumopiro 3onu 8i0uyscents ma 30Hu 6€3yMOBHO20
(0606 ’a3K06020) 8i0cenenus, 8 momy uucii Ha Yopnoounvcoxy AEC ma 3anopizeky
AEC (HAEK « EHEPI'OATOM»), a maxoac o6cmpin s0eproi ycmanogxu «/ocepeno
HelmpoHie, 3acCHO8aHe HA NIOKPUMUYHIL 30ipyi, W0 Kepyemvcs NPUCKOPHOBAYeM
enekmpoHiey HayionanvHo2o Haykoo2o yeHmpy «Xapxiscbkuil Qi3uko — mexHiuHuil
incmumymy HAH Ykpainu, cmeopuno puzuxk posnogcioodcenHs padioHyknioie 3a
Mmednci 00 ’ekmie ma ix CaHimapHo — 3aXUCHUX 30H [ 30H CNOCMEPENCEHHL.

s ompumanns onepamugnoi iHghopmayii ma KOHmMpoaro 3a padiayitiHor
00CcmMano8Kor0 (nomyosicHicms 003U Y-8UNPOMIHIOBAHHA, 3HAYEHb 00 €EMHOI o —
akmugeHocmi, 06’ eMHOIL § — akmugHocmi Y NOBIMPI) Ui MemeopoNOIYHUX OAHUX HA
nyHKmax 36epicants padioakmuenux 8ioxo0ie (I13PB) yenmpanvrioz2o 6upobHuy020
mavoanyuxa (m. Kuis), /[Hinposcvkoi misxxcoobnacroi ¢inii (m. /[ninpo ma obnacms),
Ooecvkoi midicobnacuoi @ginii (m. Odeca ma obaacms), Jlbeiscbkoi midcodIACHOT
Qinii (m. Jlvgie ma obracmv) ma Xapxiecokoi mixcoonacnoi ¢hinii (m. Xapkie ma
oonacmy) J{CII «O6 ’eonannsa « Paoony nposooumucs 3a 0onomo2orw Inmezpoeanoi
Asmomamu3zosanoi Cucmemu Paodiayitinoeo Monimopuney (IACPM) «Nuviay,
OCKIiNbKU dicmamucsi 00 00 '€kmié (haxisysim 3 Memor BUKOHAHHA De2llaMeHMHUX
pobim na I[13PB € Hemodcniusum 8 ymo8ax 60EHHO20 CMAH)Y.

MOHITOPHUHI'OBI CIIOCTEPEKEHHA TA AHAJII3 KOPEJIALII JAHUX

THouunarouu 3 25 nromozo 2022 poky onepamushuii KOHMpOb 3a padiayiuHumMu
napamempamu yMoeHo «opyoroiy 3ouu na I113PB J[Hinposcekoi misxcobaracroi ginii
(IM®), Jlvsiscvkoi misicobnacuoi ¢inii (JIM®D), Oodecvkoi misxcobracnoi ginii
(OM®), Xapxkiscokoi miswcobnacuoi ginii (XMD) ma yenmpanvHomy 8upoOHUYOMY
mavoanyuxy (LBM) JICII «O6 eonanusn « Paoon» 6uxoHyemvcs 3a 00NOMO20I0
IACPM «Nuviay.

Ha pucynxy 1 nokazarno inmepghetic ingpopmayitinux 0aHux, wjo Haoxoo0samo 3
IACPM «Nuviay.

Overview ® Stations type 2

> © Gamma probe (BRO1) @ Gamma probe (BR02) @ Gamma probe (BR03)
el [ ® H(10) 0.13 ySvih | @ HH(10) 0.15 pSvih | @ H¥(10) 0.11 pSvih

1 Station type 3 (UB02) @ Gamma probe (BR04) @ Gamma probe (BROS)

@ H*(10) 0.1 pSv/h | @ H*(10) 0.11 pSv/h

¥ Station type 3 (UB03)

® Station type 3 (UB02) @ Station type 3 (UB04) | ® station type 3 (UB03)

S e () @ Aerosol monitor (BRO1) @ Aerosol monitor (BRO1) @ Aerosol monitor (BRO1)
 Station type 4 (UB01)
Log @ Air sampler (BR02) Air sampler (BR02) W Air sampler (BR02)

® Flow 15mih | Fow 0.0 m¥h |@ Flow 15 m’h
Login @ Air Volume 3040 m? Air Volume om® |@ AirVolume 16906 m?

@ Control system @ Control system @ Control system
@ Inner Temperature 14,5 °C @ Inner Temperature 19.0 °C @ Inner Temperature 144 °C
@ Inner Humidity 27% | @ Inner Humidity 19% [@ Inner Humidity 26 %
@ Stateof Battery Charge 100 % | @ State of Battery Charge 100 % | @ State of Battery Charge 99 %
® Main supply oK @ Main supply ® Main supply oK

® Station type 4 (UB01) ® DC/PD Unit (UHO3)

@ Weather Station @ PC
@ Temperature 22°C U 9%
@ Humidity 66% | DiscFree Capadty 4405 GB

@ Air Pressure 1012.0 hPa | @ Free RAM 1.8 G8
@ Rainfalls 0.0 mm/h| @ State of Battery Charge 100 %
@ Solar Radiation Intensity  -128 W/m? | @ Main supply oK
@ Wind Direction 10m/35m 315 ©
© Wind Speed 10m/35m 42 mjs
@ Wind Direction 2m 322°
© Wind Speed 2m 36m/s

Pucynox 1. Ilpuknao inghopmayitinux 0anux nomyxsHcHocmi 0o3u y-
BUNPOMIHIOBAHHS, 3HAYEHHS 00 EMHOI 0. — AKMUBHOCMI, 00 EMHOI § — aKMueHOCmi
y nogimpi 1 memeoponociunux oanux 3 IACPM «Nuviay.
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3agixcosanuii dianazon 3HaueHsb padiayitiHo2o QOoHY HA Mepumopii YMOBHO
«opyonuxy 30n 113PB 3naxo0samucs 6 mexcax:

-I[BM — 0,09 - 0,20 £15% mx36/200

-JAM® — 0,10 — 0,12 £15% mx36/200

-OMD - 0,09 - 0,21 +15% mx36/200

-JIM® —0,10—- 0,13 £15% mr36/200

-XM®D - 0,09 - 0,14 £15% mx36/200

3navenns 06’emnoi anvpa — axmuenocmi <0,05 Brx/m?, 06’emnoi 6ema —
axmuenocmi <0,5 bx/m’. [Jani 3navenns ne nepesuwyioms pienie, Axi ¢ikcysanucs
00 noyamky Oouosux Oitl.

JlokanbHux mo4ok 3 nepeguujeHHAM QOoHOB8UX 3HAYEHb 3a nepiod 3 25 110mo2o
2022 poky no 15 keimus 2022 poky ne usasieno. Buxody padionykniois 3i cxosuuy
PAB y ooskinna ne 8iobysacmuocs. Cman padiayitino — eKol02iuHoi 06CmaHo68KU HA
JMD, JIM®D, OMD, XM D ma L{BM 3a006inbHuti i KOHMpPOIbOBAHUII.

3eimui mamepianu npo cman padiayiunoi oocmarnosku Ha [13PB [[BM, JIM®,
JIM®, OM® ma XM® JICII «O6 eonanns «Padon» nepioouuno nyonikytomscs Ha
ogiyitinomy caumi Hayionanvnoi xomicii 3 paodiayitinoco 3axucmy HACeleHHs
Ykpainu [1], ma nepedaromvcs 0o [epocamompezynosanns, Jlepicagrnoco
acenmcmea Ykpainu 3 ynpaeninHs 30HOI0 8i0uydceHHA ma 0o Minicmepcmea
3axucmy 006KILIsL ma NPUpoOHUX pecypcie Ykpainu.

Bpaxosyrouu mou ¢axm, wo oocmyn nepconany oo I[I3PB nionpuemcme
JCII «O6’eonanns « Padony nio uac 80€HHOI azpecii € 0OMeMCeHuM, a IHKOAU -
HeMOMNCIUBUM, ICHYE HeOOXIOHICmb ) be3nepebiliHitl ma cmabinbHiil pobomi cucmemu
paoiayitino2o KOHMPOJIO [ MOHIMOPUHRY Ui be3neyHil nepedadi iHpopMayitiHux OAHUX.
Habnuoiceno 8ionosioarouoro euwe3asHauyeHumM 8UMO2AM CUCMEMOIO, 8CIMAHOBIEHOI
na 1I3PB nionpuemcme J[CII «O6 eonanus «Paoony € IACPM «Nuviay, wo mae
KpUMU4YHO Hebe3neuHi He0oNiKuU, KL 0)10 8UsBNIeHO Ni0 4ac 00CIIOHOI eKCNlyamayii.

byno ecmanoeneno, wo npu 3necmpymnenni nocmie konmponio IACPM «Nuviay,
HOpMAnbHa — poboma npunadie  paldiayitiHoc0  KOHMPON0 ma — MemeoCcmanyii
3abe3neuyeamumemsvcst YCMAaHO8KAMU eNeKMPUUHO20 HCUGTEHHS MeHule Hidc Ha 2
200UHU, NICTIA 4020 POOOMA NOCMI8 KOHMPOJIO NPUNUHAEMbCS 00 MOMEHMY BIOHOGIIEHHS
eNIeKMPULHO20 HCUBTIEHHS A Nepe3anycKy 00NaoHanHs (3a 0008 s13K080i npucymuocmi
nepcoHany), nepedaua IHOOPMAYIHUX OAHUX 3d OONOMO20I0 MOOLIbHO2O 38 SI3K)
nepioouyHO ma 00820MPUBATIO HEMONCIUBA, MAKOIIC, ICHYE PAO [THWMUX HEOONIKI8 )
pobomi, wo 6y 6CMAaHoBIeHi nio Yac O0CIIOHOI eKcnyamayii 0aH020 0ONAOHAHHSL.

Marouu 0ocsio oxynayii Yopnobunvbcbkoi 30HU 8IOUYIHCEHH MaA Mepumopii
Yopuoounvcokoi AEC, uepe3 3HecmpyMieHHSs aA8MOMAMU30BAHOI cucmemu
koumpoo padiayiinoi oocmanosku (ACKPO), paxmuuno 3 25 6epesns 2022 poky
6y10 6MpaveHo KOHMpPOJb 34 CMAHOM padiayitinoi oocmanosku [2].

3 memoro 3anobicanHs empamu KOHMPOIO 34 PAdiayiliHor 0OCMAHOBKOK i
memeoponoeiynumu  danumu Ha I1I3PB I[BM, JM®, OM®, JIM®, XM®D
JICII «O6 ’eonannsa «Padony, a maxooxc 3a be3neunor nepeoauero iHgopmayiiHux
OaHUX mMa BUKOPUCMAHHA ATbMEPHAMUGHUX CUCEM MOHIMOPUH2Y paoiayitinoi
oocmanosku, cneyianicmamu nionpuemcmea J[CII « 06 eonanns «Padowny, cymicho 3
cneyianicmamu Yxpaincvkozo 2iopomemeoponociuno2o yewmpy eparcasHoi cuyacou
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Vipainu 3 naozeuuatinux cumyayiu (YekpI'ML]) 6yno npoeedeno ananimuure
00Cni0JICeH s, a came -aHaniz IHOOPMAYIUHUX OAHUX NOMYAHCHOCMI 003 ) —
BUNPOMIHIOBAHHA 3a nepiod 3 25.02.2022 no 15.04.2022 ma ecmanosneno Kopeuiyiio
MIHC HUMU 3 MemOt0 guKopucmants memeopono2iunux cmanyivi Ykpl[CM ma IACPM
«Nuviay sx pe3epeHuUx no 8IOHOWIEHHIO OOHUX 00 [HWUX, Y pa3i 6uxody 3 1ady 0y0b —
SAKUX NOCMIB PpAdiayiliHo — eKOJIO2TYHO20 KOHMPOIIO (NPUHYUN 83AEMO3AMIHHOCTI).

B pamxax nposedenoco Oocniddicenns npoananizosano OamHi, OMpUMAaHi 3a
oonomozoro IACPM «Nuvia», wo 3uaxooumocs na L[BM JICII «O6 conanns
«Paoony y m. Kuesi (I'onociiecokuii pation), a maxooic oaui Haoani Yxpl MIL] y m.
Kuesi (I'onociiecokuii paiion).

Micys HezaneixicHo2o cnocmepedcenHs 3a paodiayiuHolw 0OCMAHOBKOW mda
MemeopOonoIYHUMU OAHUMU HAOAHO HA PUCYHKY 2.

Pucynox 2. Micys HE3ANEAHCHO20 cnocmepeofceHH y l'onociiecokomy pationi
M. Kuesa y nepioo 3 24.02.2022 no 15.04.2022

Ha pucynxy 2 yugporo 1 nosnaueno micye He3AN€HCHO20 POIMAULYBAHHS
nocmise paodiayiiinoco koumponato ma morimopuney IACPM « NUVIA», yugporo 2
NO3HAYEHO Micye po3mauly8anHs memeopono2iunoi cmanyii Ykpl[CM.

Ha pucynky 3 maoamo ingopmayitini 0ani 3 memeoponociunoi cmanyii
YplICM vy mabauuniti opmi, Oe 3a3HaueHo 0amy NPoGeOeHHs BUMIDIOBAHD,
KintbKicmb onadie (mm) ma paodiayitinuti ¢pon (mxP/eod). Cucmemamuyna ma
8UNAOK08A NOXUOKU NiO YAC NPOBedeHHs 6UMIPI08anb cmanosumsv 20%.

pagiauifinnii | aata KiABKICTH paziauiisi
Gontxpiro. ) | onazis don(yKpiron.)
(n1)

i3
15
17
e
13
14
13
15
13
6

LB 01.04.22 7
16 02.04 4
5 0304 | 1
0404 0.0

05.04 | O

| 06.04
6 07.04

Pucynox 3. Inghopmayitini dani 3 memeoponoeiunoi cmanyii Yepl[CM
(I'onociiscvkuti pation m. Kuesa) 3a nepioo 3 25.02.2022 no 15.04.2022 [3].
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Ha ocnosi ingopmayitinux Oanux nocmie paodiayitino2o0 KOHMPOIO MmMda
moHimopuney IACPM  «Nuviay [BM JICII «O6’eo0nanna  «Padon» ma
iHpopmayitinux oanux memeoponociunoi cmanyii Ykpl{CM 6yno nobyoosaro
2paghik 3HayeHb NOMYHCHOCMI 003 Y — BUNPOMIHIOBAHHS 30 BUUE3A3HAYEHUL nepioo,
W0 NOKA3AHO HA PUCYHKY 4.
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Gamma dose, pSv/h

Pucynox 4. Ilomyscnocmi 003 y — BUNPOMIHIOBAHHS OMPUMAHI 3d OONOMO20H0
IACPM «Nuviay» ma YkpI' ML 3 25.02.2022 no 15.04.2022 p.

Ha pucynxky 4 no oci abcyuc noknadeno o0amy HNpoGeOeHHsT GUMIDIOBAHb
(nanpuknao 25.2 — 25 nromoeo 2022 poxky, 4.3 — 4 b6epesns 2022 poxy, 11.3 — 11 bepe3ns
2022 poky i m.0.), no oci OpOUHAmM HOMYHCHICHb 003U Y — BUNPOMIHIOBAHHSL (MK36/200).

YepsoHoto NiHi€0 NO3HAUEHO NOMYHCHOCMI 003U ) — GUNPOMIHIOBAHHS, WO
Haoani 3 IACPM «Nuviay, a cunboto 7niHi€IO - RNOMYA*CHOCMI 003U ) —
BUNPOMIHIOBAHHS, WO HaAOaHi 3 Memponociunoi cmanyii Yxpl[CM.

Ompumani 0awi Kopenooms Midc coooio.

Bucnoexu. 11io uac 6oennoeo cmary 07151 OMpUMAaHHs onepamusHoi inghopmayii
ma KOHmMpOAo 3a padiayiiHoro  0OCMAHOBKOW  (NOMYMCHICMb 003U Y-
BUNPOMIHIOBAHHSL, 3HAUEHb 00 EMHOI 0. — akmusHocmi, 00’ €MHOIL f — akmueHocmi
nOBIMpI) U Memeoposo2iyHUX OaHUX HA NYHKMax 30epicanHs paoioaKkmueHUX
8i0x00i8 ([13PB) yenmpanvro2o éupoonuuozo mavoanduxa (m. Kuis), /[Hinposcvkoi
Mmidicobnacuoi ¢inii (m. [Jninpo ma obaacms), Odecvkoi misxcoodnracuoi @inii (m.
Ooeca ma obaacmy), Jlvgiscokoi miscodnacuoi @inii (m. Jlvsie ma obnacms) ma
Xaprxiscokoi misxcoonacnoi @inii (m. Xapxie ma oo6aracmv) J{CII «O6’eOnanns
«Paodony mneobxiono nposecmu moolepHizayito ma OoocHauwjenus InmeeposaHnoi
Asmomamuszosarnoi Cucmemu Paodiayitinoco Monimopuney IACPM «Nuviay.

Haseni oani csiouamo, wo y nepioo 3 25.02.2022 no 15.04.2020 p.
AHOMANLHO20 NIOBUWEHHS NOMYHCHOCME 003U Y - BUNPOMIHIOBAHHS HA NIBOEHHOM)
3ax00i y m. Kuesi 3agixcosaro ne 6yno.

JlokanvHux mo4ok 3 nepesuujeHHAM GOHOBUX 3HAUEHb 3a Nepioo 3 25 10mozo
2022 poxy no 15 xeimus 2022 poxy ne sussieHo. Buxody padionyxnioie 3i cxoeuuy
PAB y oosxinna ne 8iobysacmuvca. Cman padiayitino — eKol02iuHoi 00CMaHO8KU HA
MO, JIM®D, OMD, XMD ma [{[BM 3a006inbHuti i KOHMpPOIbOBAHUII.

s monimopuney 3a cmanom paoiayitinoi oocmanosku m. Kueea y pasi 6iomos
ma HemMOoNCAUBOCMI OMPUMAHHS OAHUX 10 THUUX OePIHCABHUX YCMAHO8, cucmema
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IACPM «Nuviay, wo 3uaxooumscs na mepumopii L[BM JICII «O6’eonanns
«Paodony, mooxce 6ymu sukopucmana sax pezepsna. Taxoosc maxy yHKYio Moxcymo
BUKOHYBAMU AHANO2IYHI CUCTEMU WO 3HAX00SMbCA Ha THuux maudanyuxax JCIT
«06’eonannsa «Padony.

Jlimepamypui nocunanua:

1. Oiyitinuu caiim Hayionanvnoi xomicii 3 padiayitino2o 3axucmy HAcCeleHHs.
Yrpainu. Koo oocmyny: http://nkrzu.gov.ua/

2. Monimopune 3a0pyonenns 6 3omni YAEC ne npayroe, ocmanHi NOKA3ZHUKU:
nepesuwents Hopmu 6 7 pasie — J{A3B, koo oocmyny: https://www.radiosvoboda.org/
a/news-monitorynh-chaes-ne-pratsiuie/317782 14.html

3. Inghopmayiuni oani naoawni Ykpaincokum 2iopomemeoposoiuHumM Yyeunmpom
epoicasnoi cayacou 3 naozeuuainux cumyayiti Jlucmom oo JCII «O6 ’eOnanns
«Paoony (Bux. Ne 01-18/366 6io 21.04.2022).

CANCER INCIDENCE IN POPULATION OF UKRAINE AFFECTED BY
RADIATION IN THE REMOTE PERIOD AFTER
THE CHORNOBYL ACCIDENT

Prysyazhnyuk A. Ye., Bazyka D. A., Gudzenko N. A., Fuzik M. M., Trotsyuk N. K.,
Babkina N. G., Khukhrianska O. M., Danevych S. A.

ST “National Research Center for Radiation Medicine of NAMS of Ukraine”
anapris@i.ua; mfuzik@gmail.com

Abstract. Studies of the long-term oncological consequences of the Chornobyl
disaster carried out in Ukraine show a significant impact of radiation exposure on the
cancer incidence in the affected population. This is evidenced by the increased
radiation risk of leukemia in liquidators, which exceeds national population values,
and its value is comparable to the data on hibakusya (Japan), which were subjected
to atomic bombings. For the first time in the cohort of participants of emergency
works, the radiation association of chronic lymphoid leukemia was established.
Radiation risks of leukemia in the children exposed to radiation because of the
Chornobyl accident have been noted. A significant increase in the thyroid cancer
incidence in children and adults (liquidators, evacuated from the 30-km exclusion
zone and residents of the most contaminated areas by radionuclides) was established.
There is an excess of breast cancer in women liquidators. Further monitoring of
malignant neoplasms in the groups of victims will allow quantifying the radiation
risks of specific forms of cancer, radiation-associated manifestations of which are
already known from previous studies, or can be expected in the future.

Malignant tumours including leukaemia are the most significant late effects of
exposure to ionizing radiation. The main sources for evaluating the risk of malignant
neoplasms to occur are studies on the A-bomb survivors in Japan, on populations
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exposed due to nuclear tests, and on patients exposed to radiation in medical diagnostics
and therapeutic procedures. Results of those studies show heightened level of cancer
incidence in exposed groups comparing with background level and suggest dependence
of the incidence on medium and high doses of radiation (>0.3 Sv).

Among the major tasks of the National Research Centre for Radiation Medicine
of the National Academy of Medical Science of the Ukraine are the studies of cancer
incidence and risk evaluation of malignant neoplasms among the major groups of
Ukrainian population affected by radionuclides - clean-up workers, 1986-1987,
evacuees from the exclusion zone, as well as the population still living in the most
contaminated with radionuclides territories.

The analysis of the cancer incidence in the population affected by the Chornobyl
accident is preceded by an assessment of the general demographic and
epidemiological situation in Ukraine in terms of life expectancy at birth, level and
dynamics of malignancy in the population. There are significant differences in the
life expectancy of the population of Ukraine and the European Union. Life
expectancy in the European Union is constantly growing. In Ukraine, these figures
are much lower. The identified demographic processes affect the health indicators of
the population, for example, of the cancer incidence rate that is at highest level in the
oldest age groups. Due to the relatively short life expectancy of Ukrainians
(especially in men), it is logical to assume a lower frequency rate of cancer.

In this regard, it is very desirable to compare the incidence of malignant neoplasms
in Europe and Ukraine. Cancer incidence rates in the population of Ukraine in
comparison with the population of Western, Northern and Southern Europe are
significantly lower, but close to those of Central and Eastern Europe. In most affected
by radionuclides Ukrainian territories there were relatively low frequency of cancer
during the observed time period (1980-2019) with moderate increase in 1980-1990.
Afterwards, there was registered a decrease until 2006, after which there was a tendency
to increase. The cancer incidence in the most contaminated territories and Zhytomyr
region residents at whole did not differ significantly during the entire observation period.
There was no statistically significant relationship between the average effective doses
and the incidence of all forms of malignant neoplasms.

One of the most radiation-associated forms of malignancies with a short latency
period (4-5 years) is thyroid cancer. After the Chornobyl accident, its frequency in
Ukraine accelerated. The process was mainly due to the six northern regions, which
experienced the most significant precipitation of radioactive iodine with average
regional doses of more than 35 mGy. The incidence of thyroid cancer is higher than
the average in Ukraine in each of the groups of victims: in clean-up workers was 4.5
times higher than expected, in evacuees from exclusion zone - 3.8 times, in residents
of radioactively contaminated areas - 1.3 times. It was found not only in children, but
also in adolescents and adults. It is expected that the excess thyroid cancer rates due
to exposure to radioiodine tend to be increased over time for more than 55 years,
mainly for those exposed as young children.

Another group of malignancies that requires special attention after radiation
exposure is tumors of the lymphatic, hematopoietic and related tissues. At present time
incidence of lymphoma and leukemia in residents of the most heavily contaminated with
radionuclides territories does not exceed the national level. However, radiation risks of
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leukemia in children exposed to radiation exposure as a result of the Chornobyl accident
have been noted. Particular attention is drawn to the group of participants in the
liquidation of the Chornobyl accident, which received significant doses of radiation. In
this group of victims, the Ukrainian-American epidemiological case-control study
confirmed the excess relative risk (ERR/Gy) of leukemia in clean-up workers, which
was 2.38 (95 % confidence interval (CI): 0.49-5.87), p<0.004 in 1986-2006. In the
period 19862000 - 3.44 (95 % CI: 0.47-9.78), p <0.01. In the cohort of participants of
emergency works the radiation conditionality of chronic lymphoid leukemia was
established. Analysis of breast cancer incidence, which is also considered as a
potentially radiogenic form of malignancies, among residents of the most contaminated
with radionuclides territories, shows that before the Chornobyl accident breast cancer
incidence in these areas was one of the lowest in Ukraine. After that its frequency
reached the Zhytomyr region value. There was 1.6 excess of breast cancer incidence
among women liquidators compared to the national level.

Because the latency of radiation-induced cancers varies and can extend to very
long time periods, special attention should be given not only to thyroid cancer, breast
cancer and leukemia, but also to cancers of lung, stomach, colon, ovary, bladder and
liver, and to multiple myeloma.

HEMEHTYBAHHA IMITATIB POPB I'EOITIOJIIMEPHUMUA
3B’A3YIOUUMU

Posko A. M.!, ®eoopenxo IO. I''?, 3no06enko b. I1.°

TucruryT reoximii, minepanorii Ta pygoyrsopenns im. M. I1. Cemenenka HAH
VYkpainu, np. [lannaguna, 34, Kuis-142, 03680
2ITY «IHCTUTYT reoximii HaBKoAMIIHBOTO cepenoBuia HAH Ykpainu np.
ITannanguna, 34 a, Kuis-142, 03680

Yopuobminbebka AEC, eneproOioku sikoi mepeOyBalOTh y CTaHl 3HATTA 3
eKCIUTyaTarlii, He Ma€ OyJIb-IKUX YCTAHOBOK JJISI IEPEPOOKH PIIKUX OPTaHIYHHUX
pamioaktuBHUX Biaxo/iB (POPB) 1 HakonuyeHe paaioakTUBHO 3a0pyTHEHE MACIIO
(ronoBHUM yuHOM TypOiHHe Macno TII-22) 30epiraeTbcs y CTaqbHUX TaHKaX y
cxoBuIax Ha miroman cradiii. POPB € oganMuy 3 HailO1IbII CKIagHHUX BUIIB
SICPHUX BIAXOMIB 1 3 IUX NMPHYMH BHMAarae peTesIbHOI CHCTEMHU MOBO/KCHHS Ta
KOHIUITIOHYBaHHS TIEPE]T 3aXOPOHCHHSM.

[Tpoekt €patoM «PREDIS» y 5 maketi (WP5), Mmae Ha MeTi BUPIIIIMTH TPOOIIEMY
POPB nuisixoMm JOCTIDKEHHS Ta pO3pOOKU PIllIEHb MPSIMOT0 KOHIWITIOHYBAaHHS Ha
OCHOBI MarepiajiiB akKTUBOBaHUX JIyroM. lle Bkitoyae BHOIp MOMIIMBUX 3MIITAHUX
AMFOMOCHJIIKATHUX CHCTEM 3B’S3yBaHHS, JY)KHHX aKTUBaTOpiB Ta J00ABOK, IO
TIOJICTIITYFOTh €MYJIbIYBaHHS Maciia (TOBEPXHEBO-aKTUBHI PEUOBHUHN).

BcranoBneno, 1mo mnpu reomojiMepizailii y MNPUCYTHOCTI Macjia, SKEe He
3MIIIYETHCS 3 BOJOIO, YTBOPIOIOTHCS KOMITAYH/IH 3 MEXKEIO MIITHOCTI Ha CTHUCK OLJTBIIIE
10 MIla He3anexxHo Bija criocoOy 1eMeHTyBaHHs. [Ipy miBUINICHH] Y KOMIIAyHIaX
KUTBKOCTI MacJia iX MIIIHICTb ITOCTYIIOBO cniagae. HalO11bIiry MilHICTh MatOTh 3pa3Ku
Ha OCHOBI MaTepiany 3 BUCOKUM BMicToM CaO — 1uiaky 3 10JaBaHHSM METaKaoIiHy
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JUISS 3MEHIIICHHS MOXJIMBOCTI YTBOpeHHs TpinmH. [Ipum pi3HUX MexaHI3Max
reornosimMepizallii, a TAKOK BpaxOBYIOUH KPUCTAJIuH1 (ha3u y KOMIIOHEHTAX, sIK1 4aCTO
BUKOHYIOTh (DYHKIIIT HAaIlOBHIOBAYiB, BigHOIIEHHS Yy 3pa3kax Si/Al; (Na + K)/Alza
JaHUMH XIMIYHOTO aHaslizy Moxke OyTH pi3HuM. HaitOinbin minHuil reonomiMep Ha
OCHOBI nutaky MaB BimHomeHHs Si/Al = 1,55 npu; (Na + K)/Al= 0.4 y Toi1 e yac sk
reonojiMep 3 BAKOPUCTAHHSM 30JIM BUHOCY MPHU KpaloMy CIiBBIIHOLIEHHI Si/Al =
1,85 ta (Na + K)/Al= 0.5 maB BTprY1 MEHIIIY MEXY MIITHOCTI.

[lemeHTyBaHHS BOJAOMACISHUX €MyJbCid y KuibkocTi 18,5 % wmacna,
CYIPOBOJIKYETHCS YTBOPEHHSIM MAcC/SHOI TUTIBKM Ha TMOBEPXHI 3pa3KiB 1 PI3KUM
nagiHHaM Mexi MimHocTi g0 3,2 Mlla. Ilpu MeHmnid KigpbKOCTI Macia Mexa
MirHOCTI Oym3pko 12 MITa.

Cepen ycix MOXJIMBUX BaplaHTIB OOpOOKM Ta KOHAUIIOHYBAaHHS, SIKI BXKE
Oynu 3ampornoHoBaHl Juisi ueMeHtyBaHHs PPOB, nonepenns immopernaumis 3
HAaCTYyIHOIO IIEMEHTalli€ero Oyia po3riisgsHyTa B Il poOOTI uepe3 ii Jerury
3aCTOCYBaHHSA Ta TEOPETHUYHO OUIBIIY JOCSKHY HaBaHTAXKYBAJIbHY 3/IaTHICTb.
SKmo 1eMeHTyBaTH TBEpJl aJCOPOCHTH HACHYEHI MaciaMd, TO pe3yjbTaT
3QJICKHUTH B1JI MOTJIMHAILHOI 31aTHOCTI ajacopOeHTa Ta Horo mirHocTi. Kommnayna
o MictuB 20,1 % manuropcekity 3 12,3 % macna MaB MeXy MIIIHOCTI Ha CTUCK
12,5 Mlla, a3 10,1 % crmyuenoro BepMikyJity 127,9 % macna - minHicts 2,4 MIla.

JIisi IeMEHTYBaHHS Macesl HaWOiIbII TEepPCIEeKTHBHUM € 3aCTOCYBaHHS
[IJIAKOTYXHUX 3B’ SI3yIOUHX 3 IOJaBaHHIM METAKaOJIHYy.

Bubip koHkpeTrHOro cmocoOy reomoJiiMepizaiii Maciaa 0e3mocepeHbo
MEPEBEJICHOTO B EMYJILCII0 UM aJICOPOOBAHOTO TBEPIUM MaTEPiaioM 3aJI€KHUTh Bl
TUITy Maciia, SKOCTI KOMIIOHEHTIB TeoMarepiajiB, eKOHOMIYHUX Ta €KOJOTIYHUX
YUHHUKIB, 5IK1 TOBUHHI BPaXOBYBATHUCS NIPU BUKOHAHHI TPAKTUYHUX POOIT

CEMENTATION OF RLOW SURROGATES
WITH GEOPOLYMER BINDERS.

A. Rozko!, Yu. Fedorenko’, B. Zlobenko’
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Among all possible treatment and conditioning options, the possibility of
direct conditioning of geopolymer binders of technical imitate of oil contaminated
with radionuclides is considered in the work. Compounds with a compressive
strength of more than 10 MPa has obtained. It is notable that the strength of
compounds depends on the quality and composition of geopolymer binders, as well
as the amount of oil. Increasing the oil in the compound by direct cementation to
20% reduces the strength of 12 MPa to 3.2 MPa

92



For cementing RLOW, the use of slag-alkali binders with the addition of
metakaolin will be more promising. The choice of a specific method of
geopolymerization of 0il converted into an emulsion or adsorbed by a solid material
depends on the type of oil and the quality of the components of geomaterials

MEPCIIEKTUBY BUKOPUCTAHHSI ARG (ALTERNATE REALITY
GAME) TA RPG (ROLE-PLAYING GAME) JIJISI BUITTPAITFOBAHHS
HECTAHJIAPTHUX CUTYAIIN HA OB’CKTAX
SIIEPHO-TIAJIMBHOTO LIMKJTY

Py6an FOnia’, Cinenxo Bozoan’, Ilapeniox Onena’

!Senior Engineer, Institute for Safety Problems of Nuclear Power Plants NAS of
Ukraine, Chornobyl, yuliyaruban24@gmail.com
2PhD student, National University of Life and Environmental Sciences of Ukraine,
Kyiv, bogdan.sinenko@gmail.com
3PhD, Senior Researcher, Institute for Safety Problems of Nuclear Power Plants
NAS of Ukraine, Chornobyl, rovenahp@gmail.com

Abstract: Consideration and analysis of non-standard situations is common in
emergency preparedness practice. But most difficult issue is a human factor. In the
operation it will be always pose a danger. For a person it is difficult to prepare
morally for situations that arise by chance. To solve this problem, it is appropriate to
use the practice of ARG and RPG, as it is a generator of random events. And it could
help to prepare the operator.

Kiarouosi ciioBa: ARG, RPG, naBuanus

Ha croroni st BIATBOPEHHS TPOIIECIB SIEPHOT peakiili Ta peakTopa 3HaAuYHUN
BKJIa/I 3pO0OMJIM MPOrpaMu Bi3yasi3alli Ta MOAENTOBaHHS. B miAroToBIl omepaTtopis
SAIEepHOr0 OJIOKY BCl HECTaHJAPTHI CHUTyallli BiIMPAalLbOBYIOTh HAa CIELIAIBHO
M1ITOTOBJIEHOMY TpEHaKepHOMY OJ1011i. MOoe/TtoBaHHsI Ta BiANpPAIIOBaHHS CLICHAPIIB,
0 CTBOPIOIOTH KJIACHYHUN HaOlp HeOe3MeK Jisi HacelieHHS, € CTaHAapTHOIO
MIPAKTUKOIO JJIs 3a11001raHHs MTOBTOPEHHSI MOAIOHUX MO y MailOyTHROMY.

Ane, y BUNAJKy, KOJIM BiAOYyBa€TbCsl HECTaHAAPTHA CHUTYyallisl TpUMaTH
KOHTPOJIb CTa€ HaA3BHYAWHO BAaXKKO, OCKIJIBKM MOpPAJIbHO JIOAMHA HEroToBa A0
nepeliry noxAid. Hanmpukias, TepopucTUYHOT 3arpo3u 3aXOTUICHHST OJIOYHOTO IIUTA
VOpaBJIIHHS Ta BHUKOPUCTAHHA BHOYXOBHMX MaTepiamiB. JIoauWHI  CKIIagHO
MIATOTYBAaTUCS MOPAJIbHO JIO CHUTyallid, M0 BUHUKAIOTh BHUMAAKOBO. Jlis
pO3B’sA3aHHSl MPEJCTABICHOI MPOOJEMU CTa0 JOPEYHUM BUKOPUCTOBYBATH
npakTuky ARG Ta RPG, ockiJIbKM BOHA € reHepaTOpOM BUIIAIKOBUX MOii [1].

ARG, B mepeknazi 3 aHTIINACHKOI, O3HAYa€ TPy B 3MiHEHIH (JOMOBHEHIH)
peanbHOCTI. ["'onoBHUME 0coOmuBOCTSIMU ARG € MOXXITUBICTH BUKOPHUCTOBYBATH Ta
CriipaTucs Ha ICHyr41 3aco0u oTpuMaHHs iHGopmarllii (cailTu, KHUTH, cMapTHOHU)
Ta JWHAMIYHUAW CIIEHAPIN, MO 3MIHIOETHCS 3aJ€KHO Bim mii rpaBmiB [2, 3]. Ile
CTBOPIOE  €JIEMEHT XAaOTHYHOCTI Ta TMOKpallye MIATOTOBKY KaJpiB 10
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HerepenoadyBaHux mnoai. Ha BigMiHY BiJl CTaTUYHO 3alpoOrpaMOBaHOI CHUCTEMHU,
YYaCHUK HE Ma€ YysBJICHHS, 110 BiA0OYBATUMETHCS B HACTYITHUNA MOMEHT 1 HE MOXKeE
3aBUACHO MirOTYBaTHCS Ta MEXaHIYHO BUKOHATHU AIIO.

RPG, abo ponboBa rpa, 6a3yeTbcsi Ha TOMY, IO YYaCHUK Oepe Ha ceOe IEBHY PoiTh
3 TTOBHOB)KEHHSIMU Ta BIJMOBIIAJIBHICTIO 3a JIii, KOTP1 MPHU3BEAYTh 10 KOHKPETHUX
HacniakiB. RPG moxe Oytu ckinamoBum enemeHnToM ARG, ae 11e He 000B’I3KOBO i
MOKe OyTH BUKOPUCTAHO JJIsl YCKJIQAHEHHSI BITpAIfoBaHHs cuieHapiio [1].

Hapasi icHye npakTuka NpOBENEHHS HABYAHHS IEPCOHANy Ta KYpCIB A
MiABUIICHHS KBasi(iKallii nmpamiBHUKIB 00'€KTIB SACPHO-MATMBHOTO LUKy Ha 0asi
po3pobnenux ARG. Ockingbku, OUIBLIICT CHMYJSTOPIB Ta MOJETIOBaHb Y
BIPTYyaJIbHOMY IPOCTOpP1 BUTpayae O6arato yacy Ta pecypciB. Y Toit dac, sk ARG
CITPOIIIY€ Ta 3/ICIIEBIIIOE TPOBEACHHS MOAIOHUX KypCiB [3, 4].

BpaxoByroun BumieBkazaHe, ARG ta RPG MoxyTh OyTH BUKOpPHCTaHI, K
JOJJATKOBI €JIEMEHTH B)K€ 1CHYIOYOTO MPOLIECY HaBUAHHSI.
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Abstract: The Chornobyl Exclusion Zone (CEZ) is a unique area contaminated
with radionuclides after the 1986 Chernobyl accident. The radiation power in some
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places reaches high values, approaching similar on the surface of Mars and in space.
This allows using the CEZ as a radiation terrestrial analogue of Mars. As well as an
experimental test site for the long-term impact of Galactic Cosmic Rays (GCRs) and
Solar Energetic Particles (SEPs) on biota and machinery.

Keywords: Chornobyl, terrestrial analogue, Mars

Introduction. Terrestrial analogues are places on Earth that are similar to other
space bodies, such as Mars, Moon, or asteroids [1]. Such places are used as testing
grounds for space machinery [2] and mission planning [3]. And also to search for life
forms that can exist in the conditions of other planets. The Chornobyl exclusion
zone’s (CEZ) territories, contaminated with radionuclides, can be one of such places
due to the increased radiation background.

Discussion. Background ionizing radiation in outer space differs from common
terrestrial radiation. Both in terms of power and composition. The radiation
background on the Earth's surface was created mainly by radon isotopes and is about
0.27 uSv/h [4]. The power of 1onizing radiation on Mars is on average 8.75 uGy/h
or 26.67 uSv/h [5] due to the influence of Galactic Cosmic Rays (GCRs), consisting
of 85-90% of protons and 10% of helium nuclei [5]. Thus, the average annual dose
on Mars is 233.6 mSv, which is almost two orders of magnitude higher than on Earth.

As a result of the accident at the Chornobyl nuclear power plant in 1986, the
territories adjacent to the plant were contaminated with radionuclides, in particular
137Cs and *°Sr. The quality and quantity of contamination vary greatly depending on
the location, which allows using them as test grounds with different radiation doses
for equipment and biota.

But besides GCRs with relatively constant power, emissions of Solar Energetic
Particles (SEPs) occur in space, which are products of the Sun's corona activity. They
also consist of protons and helium nuclei. But these releases are difficult to predict,
they can last for hours or days, and can lead to high single doses per one event, such
as 25 uGy (25 uSv) on the Martian surface [5] and 1.2—19.5 mGy (1.2-19.5 mSv) in
space, on the way to it [6].

The study of such short-term doses with a high exposure rate is possible on the
Chornobyl exclusion zone’s territory but requires work with high-contaminated areas.

The most contaminated place on the territory of the CEZ is the damaged nuclear
reactor of the 4th power unit of the Chornobyl nuclear power plant. In its room, there
i1s a certain amount of water in a liquid state, which allows existing of several
microorganisms groups [7]. According to data, at a radiation power of 7 to 370
mGy/h, these microorganisms feed on crushed concrete [8], and some exhibit
radiotropism and the ability to accumulate melanin, possibly due to the formation of
a radiation protection mechanism [7].

Due to the characteristic radionuclide contamination, the data obtained on the
territory of the CEZ can be correlated with the results of other GSRs and SEPs impact
studies. In particular, in experiments using '*’Cs and *’Sr as emitters of ionizing
radiation [9].
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Conclusion. The Chornobyl exclusion zone is a unique area, with sites that have
a different stages of radionuclide contamination. Due to the chronically raised
background of certain places, it can be considered the Mars surface radiation
conditions terrestrial analogue. The conditions in these territories, in particular, the
availability of road infrastructure and a number of research institutions, make it
possible to conduct high-quality
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The information subsystem of neutron flux density analysis from controlled fuel-
containing materials in the new safe confinement - Shelter object (NSC-SO) integrated
automated control system will increase the efficiency and cost-effectiveness of
operational diagnostics and decision-making, increase the overall level of nuclear safety.
Implementation of the task of creating a subsystem involves the use of adequate
mathematical models for the analysis of time series of neutron flux density (NFD),
computational methods and algorithms for processing the results of the analysis. The
proposed algorithm for solving the tasks includes procedures for pre-processing of
dynamic data series of observations of NFD, testing of data series for anomalous data,
trend analysis: testing for exponentiality and determining fractal properties and
determining autocorrelation properties of data series - analysis of mutual influence of
NFD different time points or intervals. The proposed algorithm can be the basis for the
creation of appropriate software for nuclear safety diagnostic systems, decision support
systems, systems for forecasting the state of nuclear power plants objects.

B poGoti [1] HarosomryeTbcsi Ha HEOOXITHOCTI 3MIHHM TMPHUHIUIIB MOOYI0BU
CHCTEM KOHTPOJIIO Ta JIarHOCTUKU JUHAMIKA CTaHIB S7CpHO-HEOE3MEYHNX 00’ €KTIB.
OCHOBHMI HampsM - CTBOPEHHS 3aco0iB aBTOMATHYHOI JIarHOCTHKH, 3JIaTHUX
BUSIBIISITH TIOYATKOBI (ha3y MOTCHIIMHO HEOE3NMeYHUX aHOMAJIBHUX IOAIN B PEXKHUMI
peanpHOTO Yacy. [HdopmarriitHa mijcucTemMa aHallizy MUTBHOCTI TOTOKY HEMTPOHIB Bl
KOHTPOJIbOBAHUX MAJTMBOBMICHUX MaTepialliB y CKJIa/ll KOMIUIEKCHOI aBTOMAaTU30BAHO1
cucremu ynpaeniHas HBK-OY  gacte 3Mory miaBuImuTH €(PEKTUBHICTH Ta
€KOHOMIYHICTh OMNEpPaTHBHOI JIarHOCTUKU Ta TPUHHATTS pIill€Hb, M1JIBULIUTH
3araJiIbHUi PpIBeHb siepHOi Oesneku. Pearmizaiisi mocTaBieHOi 3ajadi CTBOPEHHS
HiCUCTEMHU Tepe10adyae BUKOPUCTAHHS aJICKBAaTHUX MaTeMaTUUYHUX MOJENE aHami3y
JTUHAMIYHHUX PAIIB MUIbHOCTI TOTOKY HedTpoHiB (II{ITH), oOuucimoBaibHUX METOAIB
Ta AJITOPUTMIB OOPOOKH OTPUMYBAHUX PE3yJILTATIB aHAIII3Y.

3anponoHOBaHUI AJTOPUTM PO3B’S3KY MOCTABIICHUX 3a7ad BKJIIOYAE B cebe
MpOIEAYpPH MOMEPeHbOI OOPOOKM NUHAMIYHUX PSIIB JaHUX CIIOCTEPEkKEHb 3a
IIIITH [2], TecTyBaHHs psAIIB JaHUX HAa HASBHICTh aHOMAJIbHMX JaHuUX [3],
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TPEHIOBUH aHai3: TECTyBaHHS Ha EKCIIOHEHLIaJIbHICTh Ta BH3HAUCHHS
(bpakTalbHUX BIACTUBOCTEH Ta BU3HAUCHHS aBTOKOPEISAIIHHUX BIaCTUBOCTEH pAIiB
AaaHuX — aHani3 B3aeMHoro BruBy LIITH B pi3Hi uacoBi MOMEHTH YU iHTEPBAJIH.

JlaTYrKu KOHTPOITIO
1IITH

Bnox 360py i monepeaHboi
00poOku iHpopmartii

MacuB nanux

| S;(mmm) = £(t)
| v

Jluckperusartist At=1 xB,
MUHAMIYHMX psAgiB3a | | e
piBHEM At; At=1 micsa1p

Brok anamizy maHux Ta
TECTYBaHHS TiMOTE3

AmHani3 AHaJti3 eKCIoHEeH- AHati3 TpeHI0- AHaJti3 aBTo-
aHOMAaJIBHOCTEH LiaJIbHOCTI CTIHKOCTI KOpeJsiiin

[Mincucrema | miATpUMKH
OPUAHATTS | pillieHb

I

I

I

I

1

| Pesynberatn PesynpTatn [Mapametpu ITapameTpu
: HEPEBIPKU TIePEBIPKU (dpakranb- aBTOKOPEJIS-
I rinore3 rinores HOCTI LIMHOCTI

I \\ \

Puc. 1 - briok-cxema nijcucremu anamizy auHamivaux psais HITH

brok-cxema migcuctemu ananizy auHamiuaux psaiB IIITH mpexcrasnena na
puc.l.

[IpuHuun poOOTH MNPOMOHOBAHOI MIACUCTEMHM aHali3y AMHAMIYHMX PSIIB
IIUTPHOCTI TOTOKY HEUTPOHIB BKJIFOYAE B ce0€ HACTYIHI €Taru:

1) natunku koHTpoJtO (pikcyroTh 3HaueHHs LLITH, popmyroTs nuHaMiuH1 psau
JaHUX 3 mepioauuHicTio /=1 XB B pexumi 24/7. Ha oCHOBI IuUX TMOKAa3HUKIB
dbopmytoTecst MmacuBH S; (LH) = f(t;) 00’eMOM AECATKH TUCSY OJUHHIIb.

2)3 metor omepatuBHOi miarHoctuku ctany IIIITH ta 3amutiB ocobwu, 1o
npuitmae pimenHst (OIIP) moao mnapameTpiB KOHTPOJIIO CTaHIB IMPOBOJUTHCS
JTUCKpeTH3allisl JAUHAMIYHMX PSIIB 32 BU3HAUYCHUMHU YacCOBHMHM I1HTEpBajlaMU
At;=1 xB,...., IMica1b

3) biiok aHamizy AaHMX MPOBOAUTH OmNeparlii TECTYBaHHS TUCKPETU30BAHHX
JUHAMIYHUX PSAIB  JaHUX HAa HAABHICTh B HHUX AaHOMAJbHUX 3HAYEHb,
MOMEHTIB/4acoBuX 1HTepBaiiB nepexony auHamiku I[TH g0 ekxcnoneHmianbHOro
3aKOHY pO3MOALLY, BUSHAUEHHS ()paKTaJbHUX BIACTUBOCTEH AMHAMIYHHUX PSAJIB —
HasBHOCTI YW BIJICYTHOCTI TpeHAYy (MEePCUCTEHTHOCTI/aHTUIIEPCUCTEHTHOCTI),
aBTOKOPEJISILIITHUX BIACTHBOCTEN PIBHIB PALY Ta XapaKTEPUCTUK aBTOKOpessii (ii
HaIPaBJIECHOCTI, MOPSIIKY, BEJIMYUHU JIary TOLIO).
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4) OtpuMani y 0JioLl aHaJi3y pe3yJIbTaTH Y BUTJISl KpUTEPIAIbHUX HAOOPIB,
pe3yJIbTaTiB TECTyBaHHS Ta IMapaMETPIB € OCHOBOIO sl (popMyJsIrOBaHHS y OJIOII
HiATPUMKH NPUUHATTA pilieHb BapianTiB Aiit qist OIIP, ski iif 1 mepenaroTbes.

ABToMaTu3allsa Tporecy oIiHku auHamiuyHux psaaie [{IIH 3a ymoBu
MPOMOHOBAHUX  MaTEMaTUYHUX  Mojielied, OOYUCITIOBAIIbHUX  METOAIB  Ta
KPUTEPIaTbHOTO anapary BU3HAYCHHS MapaMeTpiB JacTh 3MOTY IPOBOAUTHU HaliiiHE
aBTOMATUYHE  PO3MI3HABaHHS  aHOMAJbHUX 1  TEPEAKPUTUYHHX  CTaHIB
KOHTpoJiboBaHui nanuBoBMicHUX Mac B HBK-OV. Ilponec miaTpuMKu NpUdHSTTS
pimeHbp Oyne ajdropuTMI30BaHMM 1 OOTPpYHTOBaHMM Ha PIBHI aJeKBAaTHUX
CTATUCTUYHHUX KPUTEPIiB Ta OLIHKH MapaMeTPiB 13 33JJaHUM PIBHEM 3HAUYIIOCTI.

[IponoHoBanuii anroput™ poOOTH Moke OyTh 0a3010 i CTBOPEHHS
BI/IMOBITHOTO MPOTPAMHOTO 3a0€3MEUeHHs] ISl CUCTEeM JIarHOCTHKU SIICPHOI
0e3MeKH, CUCTEM MIATPUMKH HPUUHSTTS pIlIEHb, CUCTEM IMPOTHO3YBAaHHSA CTaHIB
00’ €KTIB sIIEPHOT EHEPTETUKH.
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Annotation: For the task of control of fugitive air exchange and radioactive
aerosols (RA) from the NSC main volume (MV) into the surrounding space the
information on wind pressure distribution on the NSC outer surface and on the
Shelter building structures is needed.
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For this purpose, during the design phase the physical model of NSC on a scale of
1:300 was tested in a wind tunnel and wind pressure distribution maps on the outer
surface of the NSC model for all directions of air blowing from 0° to 360° in steps of 10
degrees were produced. The pressure maps represent pressure values at 197 separate
locations on the west, east and cylindrical surfaces of the NSC fine-scale physical model
of the NSC, which did not contain all structures under the walls and near the NSC. In
operation, these wind pressure distributions were used to perform the above task, the
results of which showed that these pressure maps are qualitatively and quantitatively
inconsistent with the literature experimental and computational data.

The paper considers a three-dimensional full-scale 1:1 computer model of the
external air flow around the NSC for the same rotation angles and arbitrary velocity
range, which was pre-tuned according to the literature and experimental data of the
ChNPP which contains all structures under the walls and near the NSC. In contrast
to the physical model, the computer full-scale model allows to obtain continuous
pressure distributions over the whole NSC surface of 87,6 thousand m? in contrast to
197 values in separate sections of the physical small-scale model of the NSC.

Jiist 3a1a4l aHauizy Ta KOHTPOJIIO BUXO/1y HEOPTaH130BaHOTO MOBITPOOOMIHY Ta
pamioaktuBHUX aepo3oiiB (PA) 13 ocHoBHoro o0'emy (OO) HBK B otouyroue
cepenoBuiiie (OC) HeoOximHa iHGOpMAIlS TPO PO3MOJAUT BITPOBUX THUCKIB Ha
3oBHiIHIN moBepxHi HBK Ta Ha OyaiBenbHUX KOHCTPYKIIAX 00'ekTa "YKpuTTA".

Jnst uporo apidbHomacmtabHa (izuyna moxaens HBK y macmradi 1:300
(puc.1,a) npu nmpoextyBanHi HBK Oyna BunpoOyBaHa B aepoguHamiyHii TpyOi Ta
OyJu OTpUMaHi1 KapTH PO3NOJALTY BITPOBHX THCKIB Ha 30BHIIIHIA MOBEPXHI MOJEII
HBK aus Beix HanpsMkiB 001yBy nositpsm Bix 0° 1o 360° 3 kpokom 10 rpaxycis [1].

KapTu THCKIB € 3HaUeHHSAMU TUCKIB Y 197 okpeMux NUISHKAX 3aXigHO1, CX1THO1
Ta umiaiHApuyHOi noBepxoHb HBK apiOHomacmTabHoi ¢izmunoi momemi HBK
(puc.1,a), sika He MicTmiIa B cO01 BCiX KOHCTpyKIii mia ctinamu Ta 6utst HBK. Ilpu
eKCIUTyaTarlii i po3MOAUIM BITPOBUX THCKIB OyJM BUKOPUCTAHI JIJIi BUKOHAHHS
HABECHOIO BUILE 3aBJIaHHs, PE3YyJIbTAaTH SIKOTO OKAa3aJH, 10 111 KAPTU TUCKY SIKICHO
1 KUTBKICHO HE BIJIMTOBIJIAI0TH JIITEPATYPHUM EKCIIEPUMEHTATLHUM 1 PO3PaXyHKOBUM
JaHUM. AJIBTEPHATUBHUM IUISIXOM OTPUMAaHHS KapT THUCKY € TUIAX MOOYyJI0BH
KOMI'TOTepHOi Mojeni 3a gomomororo 3a gonomororo CFD (Computational fluid
dynamics) TexHoJorii (puc.1,0).

Puc.1 - HBK ta O6'ekT « YKpUTTS». a — HOTO MiIKOMacITaOHOI (Pi3NYHOT MOJIE1 B
KaHaJl aepoIMHaMIYHOI TPyOH 3 MiBACHHO-CXITHOTO KyTa OISy Ta 6 —
noBHOMacHIabHe MOJIETIOBAaHHS 30BHIIIHBOTO aepoauHamiunoro ootikanus HBK i
npuiieraux Oy/iBelb 3 MIBHIYHO-CX1IHOTO KyTa MOTJISAY
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Metoro pobotu € mnoOynoBa TpuBHMIpHOI mMoBHOMacmTabnoi 1:1
komm'torepaoi  CFD  (Computational fluid dynamics) Mojaeni 30BHIIIHBOTO
o0TikaHHs noBiTpstHUM notokoM HBK (puc.1,0) 11t 1OBIIBHUX KYTiB TOBOPOTY Ta
IIBUJIKOCTEH BITPY Ta TOMNEPEAHE HAJAITyBaHHS MOJENl BIJAMOBIAHO 0
JiTepaTypHux Ta ekcrnepuMeHTanbHux nanux YAEC, mo mictuth y coOi Bci
KOHCTpYKIii mia ctiHamu Ta Ouis HBK i oTpuManHsS po3Mojiay THCKIB IO
3oBHilIHIN noBepxHi HBK Ta OyiBebHUM KOHCTPYKIIISIM 00’ €KTa «YKPUTTS» MIPU
00TiKaHHI MTOBITPSIM.

Y poboTi po3rasgacTbcs TpUBHMIpHA TOBHOMacmTabHa 1:1 komm'torepHa
MOJIeIb 30BHIIIHBOTO OOTiKaHHS moBITpstHUM TotokoM HBK (puc.1,6) ans takmux
caMuX KyTIB MOBOpPOTY Ta JIOBUIBHOTO [lala3oHy IIBUJKOCTEH, fKa OyJa
NONEPEIHbO HaJAIITOBaHA BIAMOBIAHO IO JITEPATYpHUX Ta €KCIEPUMEHTATbHUX
nanux YAEC, mo Mictuth y co01 Bcl KOHCTpYyKUii mig criHamu Ta Ot HBK.
["'eomeTpuyna Mmozeinb Mae po3mipu 3,5x3,5 kM, 10 BepxHboi rpanuii 800 M. Hanpsam
BITPY BpPaxOBYBaBCS 3a JOMOMOIOI0 MOBOPOTY BHYTPIMIHHOIO 00’€My MOBITPS
paaiycom 1,0 km pazom 3 HBK (puc.2). Po3paxyHkoBa ciTka TpUBUMIPHOI MOJE1
HBK cknagaeTses 3 3,5 MiIH. KOMIpOK O0araTorpaHHoi (GopMH.

Puc.2 — O6nacts komm’torepHoi mojaeni HBK 1 orouyrouoro cepenoBuina sika
IIOBEPTACTLCA BiJHOCHO HAPAMKY BiTpy (BKazaHo Harpsamok 300°)

Ha Biaminy Big ¢i3u4yHOI MOjE€INi, KOMMI'IOTEpHA MOBHOMAcCIITaOHA MOJIEIb
JIO3BOJIIE OTPUMYBATH Oe€3MepepBHI PO3MOALTY THCKIB Ha Bcidi moepxHi HBK
(puc.3), mo craHoBuTh 87,6 THC. M’, Ha BiaMiHy Big 197 3HaYeHb B OKpEMHX
ninsHKax (i3udHoi apidHoMacmtadHoi moaeni HBK.

Puc.3 - Po3nonin craruunoro tucky no nopepxusm HBK ta OyaiBenbHuM
KOHCTPYKI[ISIM 00'€KTa « Y KPUTTS»

OTpuMaHO KapTU PO3MOALTY THUCKIB MO 30BHIIHIA noBepxHi HBK Ta
OylIBEIbHUX KOHCTPYKIIM 00'€KTY «YKPUTTS» JUIS PI3HUX HAIPSMKIB BITPY, SK1
SKICHO Ta KIJIBKICHO CIIIBIAJAIOTh 3 JIITEPATYPHUMH JaHUMU [2-4] 30BHIIIHBOTO
00TiKaHHS Oy/1iBEJIb TA TETUIHIIh.
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B pesynbrari oTpuMaHi KapTd PO3MOAULY BITPOBHX THCKIB IO 30BHILIHIN
noBepxHi HBK Ta OyniBenbHUX KOHCTPYKIiM 00'ekTa «YKPUTTS» MOMKIUBO
BMKOPHMCTOBYBATH JUI IIPOTHO3HY 3Ha4eHHsA BUTpaTH Q (M>/c) MpOTiKaHHS IOBITpPs
3 PA HazoBHI Ta Bcepeauny HBK Ta kepyBatu BeHTmsAIiiHOWO cuctemoro HBK 3
METOI0 HEMEPEBUIIIEHHS TPaHUYHO AomycTuMoro piBHs Bukuay PA 13 HBK [5].

BuchoBok. Y poOoTi TmpeicTaBieHa TpUBUMIpHA TOBHOMaciTabHa 1:1
KOMIT'FOTEpPHA MOJIEJTb 30BHIIITHROIO 00TIKaHHS MOBITpssHUM noTokoM HBK is pizaux
KYyTiB IOBOPOTY Ta IOBUIHHOTO Jllalla30HY HIBUIKOCTEH, pe3yIbTaTH SIKOi 3 JOCTATHHOIO
TOYHICTIO y3TO/KYIOThCA 3 JIITEPaTypHUMHU Ta ekcriepuMeHTanbHumMu nannmu YAEC,
II0 MICTHTB Y c001 BCl KOHCTpyYKIii mia ctinamu Ta Outa HBK. Moaens HeoOxiaHa amst
OTPUMAHHS PO3MOAUTY BITPOBUX THCKIB Ha 30BHIIIHIA mnoBepxHi HBK Ta Ha
OyZiBeJIbHUX KOHCTPYKLIAX 00'ekTa "YKpUTTA" Ta BHUPIIICHHS 3aBJAHHS KOHTPOIIIO
BUXOJy HEopraHizoBaHoro nosirpooOMiny ta PA 3 OO HBK B oTouyroue cepenoBuie.
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Ha teputopii HopHOOUIBCHKOT 30HU BITUYKEHHS MPOEKTYIOThCS, OYIYIOThCS
Ta eKCIUTyaTYIOThCs OaraTo pajiaiiiiHo-HeOe3neuHnx 00’ektTiB. Ha npeBeaukuii
’KaJIb, BUKJMKH CbOTOJeHHS BKJIIOYAKTH i TEPOPUCTHYHY AisIbHICTL Pocii B
Ykpaini, 30kpema, B HopHOOWIbCHKIN 30HI BiguykeHHs. /|11 BUBUCHHS BIUIMBY
1UX 00’€KTIB Ha JOBKIUIS, MPOTHO3YBAHHS 3MIH PaIiOTiIPOCKOIOTIYHUX YMOB ITiJI
BIUIUBOM TEXHOTCHHHMX (haKTOpIB Ta KJIIMATHYHUX 3MIH IOCTaja HEOOXIJHICTh B
CTBOPEHHI ITOCTIWHO /110401 MoIesl PUIBTpAIIHHUX Ta MITPAIlIMHUX YMOB MIXKpIUYs
[Mpum’sate — Y YopHOOMIbCcbkoi 30HU BimuykeHHs. CydacHi i1H(OpMaliliHi
TEXHOJIOT1i MOJCIIOBAHHS TIAPOTEOJOTIYHUX 00’ €KTIB O3BOJSIOTh IOBHICTIO
aBTOMATH3YBaTHU BECh IMPOLIEC MOJEIIOBAHHS, a came, Bl CTBOPEHHS MOJENi A0
MIPEICTABIICHHS PE3YJIBTATIB MPOTHO3Y IMOBEIIHKH MPUPOTHUX Ta TEXHOTCHHHUX
nporieciB. B nmaHuii yac iCHye BeJMKa KUIBKICTh CHUCTEM MOJICIIOBAHHS, IO
JO3BOJISIIOTH OYyTyBaTH IBOX-, 800 TPUBUMIpPHI MOAEII reo(iIbTpaliiHUX IPOLECIB:
Visual Modflow, PMWIN, FREEWAT, Feflow, AquaveoGMS Ta ixmi. [1].
O6sacTh 3acTOCYBaHHS reoPUIBTPALIIMHUX PO3paXyHKIB HAJI3BUYANHO MIMPOKA, I1E:
MPOTHO3U 3MIH PAJIOTIAPOEKOJOTIYHMX YMOB B MIJ3€MHHMX BOJAX i BILUTUBOM
TEPOPUCTUYHUX 1, 3aXHUCT MIA3EMHUX BOJ| BiJl 3a0pyJHEHHS, OIlIHKA 3araciB
MIJI3EMHUX BOJ, X OalaHCOBA XapaKTEPUCTHKA, 3aXUCT TEPUTOPIH Bij IMATOILICHHS,
BU3HAYCHHS BUTPAT, MIBUIKOCTI pyXy MIJ3eMHHUX BOJ Ta MIrparlii paJioHyKIiIiB 3
HUMHU, TPOTHO3M BIUIUBY pajllallifHO-HEOE3MeYHUX 00’ €KTIB HA JJOBKLUILJIS.

B TemepimHiii yac mepeBa)KHO BUKOPUCTOBYETHCS YHCEIbHE MOICITIOBAHHS
reoinbTpanii. BoHo mnependavae ciTKOBY pPO3OMBKY TepUTOpIli (uabTpamii 1
0a3yeThCsl Ha KIHIEBO-PI3HULIEBOMY METO1 pIIIEHHS AU(PEpEeHIIaTbHUX PIBHSHbD,
KOJIM TMpUBATHI TMOXIAHI 3aMIHIOIOTHCS KIHIEBUMH MPUPOCTaMH 1 came
nudepeHiiaabHe PIBHAHHS 3BOJAUTHCS 10 CUCTEMU alNreOpaidyHuX piBHSHb.

JlaHl pIBHSIHHS BKJIIOYAIOTh TaKli OCHOBHI TiAPOJAMHAMIYHI MapaMeTpH, SK
Haropu 1 KoedimieHTH QiabTpamii. KiabKicTh piBHSHB JOPIBHIOE YHUCITY OJIOKIB
CITKOBOI p0o30uBKHU. TakuM 4MHOM, YHCEIIbHE MOJCIIIOBAHHS TOJIATAE Y BUPIIICHH]
piBHSHb (iIbTpallii, MPU IOMY MOBMHHI OyTH BU3HA4YEHI TPAaHUYHI yYMOBH 1
CTpYKTypa QUIbTpaliiftHOTO OIS [2].

Jlnst ciiibHOTO omnucy Oe3HamipHOl Ta HamipHOi (GUIBTpallii 3aCTOCOBYETHCA
3arajbHOBIZIOME Mu(epeHIianbHe PIBHAHHS B MPUBATHUX MOX1AHUX [3]:

6<K ah)+a(K ah)+a<K ah) W_Sah
ox\ ax) oay\ *ay) oaz\ # 0z - Yot
ne:

K., K,y ta K.: — 3HauenHs koedimieHTa GiapTparlii B3J0BXK OCeil KOOPAWHAT X, Y, Z
(L/Y);

h —uamip (L);

W — 06'eMHUll IOTIK HA OJUHUIIO 00'eMy, IO MPEACTABIISE Kepesa Ta/abo CTOKU
Boa, 3 W <0,0 1151 BUTIKAHHA 3 CUCTEMHU IPYHTOBUX BoA Ta W> 0,0 11 mOoTOKy B
cucremy (1/t);

Ss_MUTOMAa EMHICTb MOPUCTOTO cepenoBuia (1/t);

t —4ac (t).
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PiBusans (1) onucye dinbTpallito B HECTAIOMY PEXUMI B T€TEPOT€HHOMY Ta
aHI30TPOMHOMY cepeAoBHI. JIIs KOHKPETHHX NPUPOIHIX YMOB POOIATHCS
MPUITYIICHHS Ta CIPOIICHHS, SKi He IPOTHPIYaTh HABEICHOMY PIBHSHHI.

AJdroput™ BiacTexeHHS dYacTUHOK, B Moayiali MODPATH, wmoxe Oytu
peanizoBaHUl SK IS CTAIIOHAPHUX, TaK 1 JUIsl TEPEXITHUX TOJIB IMOTOKY. 3a
MIPOCTOTOIO0, AITOPUTM CIIOYATKY OMHUCYETHCS VIS CTAI[IOHAPHOTO TOTOKY, a TOTIM
MOIIMPIOETHCSI HA CHUCTEMHM TEpPEXiHUX TOTOKIB. PIBHSHHS y YacTKOBHX
MOKa3HUKaX, 110 OMUCYe 30€peKEHHS MACH Y CTaIllOHAPHINA TPUBUMIPHIA CHCTEMI
MOTOKIB I'PYHTOBUX BOJI, MO>KHA BUPA3UTH SIK

;—x (nv,) + :—y (nv,) + % (nv,) =W 2)

I€ Vx, Vy I V: - OCHOBHI KOMIIOHEHTH CEPEIHbOI0 JIHIMHOTO BEKTOPY LIBUJKOCTI
TPYHTOBHX BO/T;

N — MOPUCTICTH;

W — 00’eM BOIH, 1110 CTBOPIOETHCS a00 CIOKUBAETHCS BHYTPIIIHIMU JKEPEIaMH Ta
CTOKaMHU Ha OJUHUINI0 00’eMy BOAOHOCHOTO ropu3oHTy [4]. KiHileBO-pi3HUIIEBE
HAOMKEHHS DPIBHSAHHA (2) MOXKHA pO3IJISAATH SK PIBHAHHS OanaHCy Macu IS
OCEpE/IKY CITKH CKIHUEHHOTO PO3Mipy 3 00'€MHUM BOJOHOCHHM TOPH30HTOM, HIO
BpPaxoBY€ BOJY, IKa HAAXOJIUTh Y OCEPEOK Ta BUXOAUTD 3 HHOT'O, & TAKOXK JIJIsl BOJAM,
10 BUPOOJIAE€THCS a00 CIIOKUBAETHCS BCEPEIUHI OCEPEIKY CITKH.

O6mactp Mmozeni Oyna Bubpana Ha Mixkpiuyl pidok [Ipumn’ate Ta Yx (puc.l).

YMOBHI NO3HAYEHHA:

3 - ctnacrs woneni
1111 wapnoimesi Tepach
- BopoimMLRA

— - criva & oyl
- mp03bion coepaOmM

* - coeppronim

A\ 77 - mexa powwiroro wapy wepreno

Puc. 1. [IpupoHi Ta TEXHOTEHHI YMOBH palioHY

[li piuku Ta BOJOWMHUIIE-OXOJNOKYBad, 03. As3OyumH, Cemuxonaw,
[Tpum’ATChKHiA 3aTOH BU3HAYEHI B MOJENI SIK TPAaHWYHI YMOBH TEPIIOTO POIY.
[IpupoaHe HaBaHTaXKEHHS HA TEPUTOPIt0, KpiM [Ipum’saTi Ta Vika MarOTh Taki piukKH,
sk CaxaH, lnns, Map’siniBka, 'munuis. [lepeTBopeHi B IpeHa)kH1 KaHAJIA B 3aIlJIaBi
p. Yk T1a CaxaH, K 00’€KTH TEXHOT€HHOTO HaBAaHTAXKEHHS, BITHOCATHCA IO
IPAaHUYHUX YMOB TPETHOTO poAy. Maii piuku, KaHaIM 3a7al0Thcs B (PiabTpaliiiiHiif
MOJICNII 3 ypaXyBaHHSIM PIBHSA BOJH, peaJbHUX PO3MIPIB Ta BOJOIPOBITHOCTI iX
JIOHHUX BIJIKJIAIIB.
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Jlo 00’€KTIB TEXHOTC€HHOI'O HAaBAaHTAXXEHHS TaKOXX BITHOCATBCSA 00’ €KTH
YopHOOUIBCHKOI aTOMHOI CTaHIIl1, ki OyJH, € 1 moOy10BaHi Mmicis aBapii, 00’ €KTu
BOJIOTOCTIONIAPCHKOI  AISUTBHOCTI — CBepAJIOBUHU [Ipum’sITChKOTO BO03a00pYy,
JIpeHaXl MIJ3eMHUX BOJ, CTaBOK-OXOJIO/DKYBAd 3 JNPEHAKHUMHU KaHAJIaMH, TOJIS
¢inpTparii modyrosux crokiB YAEC (KOC wm. Ilpum’ste). JIo HOBUX TEXHOT€HHUX
YMOB, sKi 3’ siBuiHCh micis aBapii Ha YAEC 1986 poky BiTHOCUTBCS paiOHYKITiIHE
3a0pyIHCHHS TOBEPXHI 3€MJIi, MyHKTH TUMYAacCOBOI JIOKami3allii paaioaKTHBHUX
BIJIXO[IB, ITYHKT JIOBFTOCTPOKOBOTO 3aXOpOHEHHs pajioakTuBHUX BiaxoAiB (I13PO)
«ITigmicauii», «cTiHA B TPYHTI» [5].

Mexi, siKi BITOKPEMITIOIOTH (hIIOBIATIIAIIATBHI BiJl aJlFOBIAJIbHI BIAKIaAW OYyJIn
OTpUMaHi 3 pacTpoBoi KapTu nudpoBoi mozen penbedy (DEM) i3 cynmyTHUKOBOTO
3HIMKY SlmoHcbkoro ArentctBa Aepokocmiunux Jlocmimkenp (JAXA) 3
PO3IMOIIBEHOO 37aTHICTIO 40 M.

AOcCoIIOTHI BIIMITKH penbey B 3amiaBax pidok [lpun’sts, Yk, Caxan, Ta Ha
nepIii HaA3amIaBHId Tepact 1 B 3a1U1aBl KOJMBatOThCs B Mexax Bi 100 1o 116 m,
a0COJIIOTH1 BIIMITKY pesibey (PIIroBi1arisiaibHOI pIBHUHU 10CATAIOTh 3HAYEHb 162
M. 3a JaHUMH JOCIIKeHb [6] koedimieHT (iIbTpallii aatoBlaJbHUX BIIKIIAIIB
npuiiMaemo 30 m/n006, (roBiorisuanbaux — 12 M/100.
dinpTpaliiHa MOJIeNb CKJIAIAETHCS 3 TPHOX T'€0JOTIUHMX apiB (puc.2).

000, -

Puc.2 Cxema TproBUMIpHOI MOEM PiIbTpaIii.

BoHa Mae 1Ba BOJIOHOCHHX IT1apa — BEPXHIM O€3HAMPHUI Ta HIOKHIN HAPHHMA
Oy4anpKuii TOPU30HT 3 KoedirieHToM GimpTparii 8 M/100, po3AUIEHUX MK CO00I0
cnabonponukHuM (0,0003 m/m06) mapom KwuiBcekoro meprento. Ase, B paloHi
HaceneHnx mTyHKTIB Crapa KpacHums Ta BypsikoBka miap MepreibHUX TJIHH
pPO3MHUTHH 1 Ha i TEpUTOpPIi J1Ba BOJOHOCHUX TOPU30HTH CIIOIYYAOTHCA MIXK
cobor. B miTosorivHOMy TulaHi MepuIdidi BOJOHOCHHUM TOPU3OHT CKJIAJA€THCS, B
OCHOBHOMY, 3 TiCKiB. CymIiCKM Ta CYIJMHKH 3YCTPIYalOThCS Yy BUTJIAL JIIH3
HEBEJIMKOI MJIONII Ta MOTY>KHOCTI, K1 HE MEePEIIKOHKAI0Th pyXy IPYHTOBHUX BOJI Ha
perioHajapHIM OCHOBI. BiamoBiiHO, mepiiKii BOJOHOCHUM TOPU30HT Beje cede siK
€IMHUN pe3epByap MiA3eMHUX BojA. Hamopu TIpyHTOBHX BOJ Ta Jpyroro
BOJIOHOCHOTO TOPU30HTY NPUUHATI CTaHOM Ha moyaTok xoBTHA 2017 p. 3a
pesynbraramu cnoctepexens [IIb AEC HAHY ta JICIT «kEKOLIEHTP».

CriHa B IpyHTI, 1110 BUKOHAHA 3 TJIMHU 1 BpaXxOBaHa B MOJIETI IUIIXOM 3MIHEHHS
KoeiLieHTy PUIBTpaIlii B ocepeaKax po3paxyHKOBOI CITKH, Yepe3 iK1 BOHA TPOXOAUTb.

PospaxyHOok  1HOUIBTpAIIIHOrO  KHUBJIEHHA  OE3HAMIPHOTO  BOJOHOCHOTO
TOPU30HTY MPOBOJMBCS 3a PE3YJIbTaTaMU CIIOCTEPEKEHD 32 PEKUMOM IPYHTOBHUX BOJ
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B paiioni YAEC. Jlani iH1IbTpaliiiHoro )ujaeHHs Ha nossix — ¢uibTpatili (KOC wm.
[Ipum’siTh) OTpUMaH1 3a JIOTIOMOTOK0 MOJETIOBAHHS, 3TIAHO JaHUX PO MojAady
KaHai3amiifHoi Boau.BiamoBimHicT ¢inpTpariiitHoi Monen ¢GakTUYHUM YMOBaM
(xamOpoBka Mojieni) Oya JOCSATHEHA IUIIXOM MOPIBHIHHS Pe3y/IbTaTiB MOACTIOBAHHS
Ta peaJbHUMU CIHOCTEPEKEHHAMH TIAPOTEONOTIYHIX YMOB IO  ICHYIOYHM
CBEpAJIOBUHAM. Y BHIQJKaX 3HAYHOI PO3ODKHOCTI pE3yJITAaTiB IMPOBOIUIOCH
KOPEKTYBaHHs B JIESKUX BY3Jlax Mojeni KoeillieHTiB (uibTparlii, BOAOIPOBIIHOCTI
JOHHUX BIJKJIA/IIB MaJIUX PIYOK, BEIMYMHU 1H(UIBTPAIIHOTO KUBJICHHS, TOIlo. B
pe3yJsibTaTi, KOedIlleHT KOPEJAIli MDK JaHWMH, OTPUMAHHUMH I10 CIOCTEPEKHUM
CBEP.UIOBHHAM Ta PO3PaxOBaHUX 3a JIOTIOMOr0r0 Moieni Mae 3HaueHHs 0,85.

BucnoBku. [loctiitHo niroua mojens GUIbTpAifHUX Ta MITpalliiHUX YMOB
MbKpivud [pum’ate — Yk YopHOOMIBCHKOT 30HU BIAUY>KEHHS JTO3BOJISIE OTPUMATH
MPOTHO3M 3MIH PaJiiOTiAPOCKOIOTIYHOT OOCTAaHOBKM B IIIJ3€MHUX BOJIaX ITiJ
BIUIMBOM OY/IBHMIITBA, €KCIUTyaTalli Ta 3HATTS 3 eKCIUTyartaulii paglalmiiHo —
HeOe3MeyHuX 00’ EKTIB.

Mopeinb 103B0JIsI€E BAKOHYBAaTH PO3PaXyHKH 3MIH T1POreoJIOTTYHUX YMOB IiJT
BILUIMBOM TJIO0AJBHOTO MOTEIJIIHHS KJIiMaTa.

Mopenp Moxxke OyTM  BUKOpPHCTaHa JUIsl  ONEPATUBHUX  IPOTHO31B
PO3MOBCIOJIKEHHS PAIIOHYKJIIIA1B i BIUIMBOM TEPOPUCTUYHOI IISTILHOCTI, 30KpemMa
M1]] BIUTUBOM BJIAIITYBAaHHS TEPOPUCTAMH OKOIIIB Y Pygomy sici.

Pe3ynbratv BUKOHAHHSI MPOTHO3IB JTO3BOJISIOTH ONTHUMI3YBAaTH IMPOEKTHI Ta
YIPaBIIHCHKI PIIIEHHS MO CIIOPY/KEHHSI 00’ €KTIB Ta 3aXUCTY IMiA3EMHUX BOJ BIJ
3a0pyIHEHHS.
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PERMANENT MATHEMATICAL FILTRATION MODEL AND MIGRATION
CONDITIONS OF THE INTERMEDIATE RIVERS PRIPYAT - UZH OF THE
CHERNOBYL EXCLUSION ZONE

Sosonna N., Panasiuk M., Kovalenko 1.

Institute for Safety Problems of Nuclear Power Plants NAS of Ukraine, Kirova str.,
36a, Chornobyl, 07270, Ukraine nipanasyuk3@gmail.com

Many radiation-hazardous facilities are designed, built and operated in the
Chornobyl Exclusion Zone. Unfortunately, today's challenges include Russia's
terrorist activities in Ukraine, particularly in the Chernobyl Exclusion Zone. To
study the impact of these facilities on the environment, forecasting changes in
radiohydro-ecological conditions under the influence of man-made factors and
climate change, it became necessary to create a permanent model of filtration and
migration conditions between the Pripyat-Chornobyl Exclusion Zone. Modern
information technologies for modeling hydrogeological objects allow to fully
automate the entire modeling process, namely, from the creation of the model to the
presentation of the results of the forecast of the behavior of natural and man-made
processes. Currently, there are a large number of modeling systems that allow you
to build two- or three-dimensional models of geofiltration processes: Visual
Modflow, PMWIN, FREEWAT, Feflow, AquaveoGMS and others. The scope of
geofiltration calculations is extremely wide, they are: forecasts of changes in
radiohydroecological conditions in groundwater under the influence of terrorist
acts, protection of groundwater from pollution, assessment of groundwater reserves,
their balance characteristics, protection of areas from flooding, costing,
groundwater flow and migration radionuclides with them, forecasts of the impact of
radiation-hazardous objects on the environment.

At present, numerical simulation of geofiltration is mainly used. It provides a
grid breakdown of the filtration area and is based on the finite-difference method of
solving differential equations, when partial derivatives are replaced by finite
increments and the differential equation itself is reduced to a system of algebraic
equations.

The constant model of filtration and migration conditions of the interfluve of the
Pripyat-Uzhno-Chornobyl Exclusion Zone allows to obtain forecasts of changes in
the radio-hydroecological situation in groundwater under the influence of
construction, operation and decommissioning of radiation-hazardous facilities.

The model allows calculations of changes in hydrogeological conditions under
the influence of global warming.

The model can be used for operational forecasts of the spread of radionuclides
under the influence of terrorist activities, in particular under the influence of the
construction of trenches by terrorists in the Red Forest.

The results of the forecasts allow to optimize the design and management
decisions for the construction of facilities and protection of groundwater from
pollution.
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OIIHKA PAJIOAKTUBHOI'O 3ABPYJHEHHA ATMOC®EPU
BHACJIIJOK JIICOBHUX HTOXXEK B 30HI BIT4Y>KEHHA B IIEPIO/ 3
11 11O 31 BEPE3HA 2022 POKY

Tanepko Muxona, Jlee Temsana, Hocoscokuu Anamoniu

[acturyT npobnem 6esnekun AEC HAHY, m. Kuis, ntalerko@gmail.com

Abstract As a result of the armed invasion of the Russian troops on the territory
of Ukraine, intense wildland fires took place in the Chornobyl exclusion zone and
adjacent radioactively contaminated territories of Kyiv and Zhytomyr regions in
March 2022, which resulted in increased levels of radioactive air pollution.
Calculations of the *’Cs dispersion in the air emitted into the atmosphere due to the
natural fires were performed with using of the model of resuspension, atmospheric
transport, and deposition of radionuclides LEDI in the territory of Ukraine.
According to the simulation results, the levels of concentration of radionuclide
activity in the air and the associated doses of additional human exposure were several
orders of magnitude lower than the established standards. The total '*’Cs emissions
during wildland fires in the period March 11-31, 2022 is estimated as 226 GBq. The
average daily concentration of *’Cs activity in the surface air of Kyiv could reach
values of about 10 uBg/m? on March 20, up to 100 pBg/m* on March 21, and up to
25 uBg/m® on March 22-23, 2022. These values are 4-5 orders of magnitude less than
the permissible concentration of '*’Cs in the air for category B 800 mBq/m?.

Keywords: wildland fire, radionuclide, atmospheric transport, modeling,
Chornobyl exclusion zone.

Beryn. Bracnigok 30poitHOro BTOprHeHHS BIMChK pd Ha TepUTOpi0 YKpaiHu
B MepioJ] 3aXOTUIeHHs Teputopii 3ouu Biguyx)eHHs (3B) B moTomy-06epesni 2022 p.
CYTTEBO 3pPOCIM PU3MKHU TOTIPIICHHS pajialliifHOro ctaHy B camiit 30H1 Ta 3a ii
Mexamu. OgHuM 3 (akTopiB, IO B 1€ Yac MIT MPU3BECTH O MiJIBUILICHHS PIBHA
PaIOAKTUBHOTO 3a0pyJHEHHS TOBITPS, € BUHUKHEHHS JICOBUX TIOKEXK Ha
PaAl0AKTUBHO 3a0pYIHEHUX TEPUTOPISIX.

3aranbHuil onmuc curyamii. Iy aHanmizy OuHAMIKM BUHUKHEHHS MPUPOIHIX
MOKEXK B PaJI0AaKTUBHO 3a0pyJAHEHUX JIICOBMX MacuBax 3B Ta mpuierimx 10 HUX
tepuropisix KuiBcbkoi Ta JKutomupcbkoi obnacteit 0yino BUKoprcTaHo aaHi cailty The
Fire Information for Resource Management System (FIRMS) [1]. 11 koxHOi 100U 3a
niepion 3 11 mo 31 6epesnst 2022 p. po3ranryBaHHs paifOHIB MOXKEXK BU3HAYAIOCH 3T1THO
nanumu ipoaykTiB MOD14 (Terra) / MYD14 (Aqua) st MODIS Collection 6, VIIRS
(S-NPP) I Band 375 m, ta VIIRS (NOAA-20/JPSS-1) I Band 375 m, orpumanumu 3a
JTaHUMU CyITyTHUKOBUX pagiomerpiB MODIS (Ha cymytHukax Terra ta Aqua) i VIIRS,
BCcTaHOBJIeHWX Ha cymyTHukax S-NPP ta NOAA-20 HarrioHanpHOTO yIIpaBIiHHS
okeaHIYHUX 1 arMocheprux aocmipkensb CIIA) (Puc. 1).

3rinHo 3 JaHuMH [ 1], IHTEHCHBHI TPUPO/IHI MOKEX1 B paII0aKTUBHO 3a0pyAHEHUX
micax posmouanucs 3 11 Gepesnst 2022 p. mepeBaXHO B 3aXiHIA Ta IEHTPaIbHIN
gactrHax 3B. OCHOBHI pallOHU MOXKEX CIIOCTEPIraarch OJIM3bKO HACEIICHUX ITyHKTIB
[Tomiceke, Cteuanka, booep Ta Ilyxose (Puc.2). [Ipotsrom 12 — 15 Gepes3nst BemuKkux
noXex B Mexkax 3B He 3adikcoBano. 16 Gepe3Hst 1icoB1 MOXKEXkK1 BITHOBUIIUCS B paiioHi
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[Tomicbkoro- KoToBchKOro, a Takox BUHUKIM Outa cena KopomiBka. 17 Oepesns
nokexxka B paioHi [Tomcbkoro po3noBCrOAWIACS B MBHIYHO-CXITHOMY HAISIMKY JI0
cena Pymus-I'pesnsaceka. B 1ipoMy sk paiioHi Mojkexka TpuBaia HACTYIHOI moou 18
oepesnsa. Kpim 115010, BHHUKIM HOBI OCEpelKd B paiioHl cena Tapacu Ta Ha
pa/iioaKTUBHO 3a0pyIHEHIH TepuTopii 3a Mexamu 3B mobmu3y ¢. XpucTHHIBKa.

[Tpotsrom 19 6epe3nst 2022 p. TpuBau moxkexi B Mexkax 3B (B paiioni cin Pyaus-
I'pesnsacbka 1 Tapacu/BomoguvupiBka/JKoBTHEBE), a TakoK Ha PajiOaKTHBHO
3a0pyaHeHi TepuTopii 3a Mexkamu 3B moGmusy c. XpuctuniBka YKUTOMHPCHKOL
obsiacTi. YTBOPUBCSI HOBHI IHTEHCUBHUN OCepeAoK Moxexl B 10-KiToMeTpoBiii 30H1
YAEC B paiioni cin Toscrmit Jlic Ta Byna Ha Teputopii 3 BHCOKMMH PiHSIMHU
3a0pyIHEHHS HABKOJMIIIHBOTO cepenoBuia I1e3ieM-137 ta ctponiiiemM-90 (Puc. 2).
[Tonanpie po3NOBCIOJIKEHHSI BOTHIO B LIMX K€ Oocepelikax (OKpiM paiioHy c. PyaHs-
['pe3nsiHChKa) 3a(iKCOBAaHO MPOTATOM HacTynmHHX J1BOX A10 20-21 6epe3ns. Kpim toro,
CHOCTEPITaIMCh MEHIII IHTEHCUBHI OCEPEIKY TOPIHHS B MIBJCHHO-3aX1IHii yacTuH1 3B
Ta B JKUTOMUPCHKII1 001aCTI OPSA 3 TPAHULISIMH 30HH.

[Ipotsirom 22 Gepesns 2022 p. He 3aiKCOBAHO 3HAYHUX OCEPEAKIB TPUPOTHUX
MOKEeXK B 30HI BiIUyKeHHs. Pa3oMm 3 THM mocwmiiMCs MOXKEXi Ha 3axija Big 3B Ha
teputopii Hapoauipkoro paiiony XKuromupcskoi oonacti (Puc. 2). HactynHoi nobu
23 Oepe3Hs 3HOBY 1HTEHCU(]IKYBAIKCS MOXKEXK1 B TUX YACTUHAX 30HU BIIUYKEHHS,
JIe BOHU CIIOCTEpIrajucsi paHile — Hacammepel Ha 3axXxiIHOMy CIHiji
YOPHOOMJILCHKUX aBapiiHUX BHUMAAiHb 3 BHUCOKHUMH PIHSIMH 3a0pyIHEHHS
HABKOJIMIIHBOTO cepenoBuila 1e3iemM-137 ta crponuieM-90 B paiioni cin ToBctuii
Jlic / byna, a Takox B paiioHax HaceneHux nmyHKTiB [lomicbke, byna-Baposudi Ta
Tapacu. Oco0JMBO BETUKHX PO3MIPIB (I1aMeTpoM 10 4-X KM) JIOCST OCEPEloK
ropinHs Oust cen bobep/KopomniBka. 24 6epe3Hs cuTyallisi 3Ha4HO NOKpaIlIUiacs Ha
TEPUTOPIAX TMOXKEXK MOTMEPEAHIX THIB — BEIMKUX OCEPEKIB MOXKEK MPAKTUYHO HE
3adikcoBano. HaromicTe 3'ssBuiincs aBa HOBUX — Ha Oepesi p. [Ipun’sate Ois MicTa
YopHoOusb Ta B MiBJECHHIN YaCTUHI 30HU — 011151 cena Yepesau.

Bracniiok 3MiHUA TOTOTHUX YMOB BBeUepi 24 Ta BHOU1 25 Oepe3Hs Ha TepUTOopii
KuiBcbkoi 00acTi MPOMIIIIM IHTEHCUBHI 3JIMBH, B pe3yJbTaTi 4oro 25 Oepes3Hs
MPUPOIHI MOXKEXK1 B 30H1 BITUYKEHH npunuHuiucs. [Ipotsrom n1o6u cnoctepirapcs
JIUIIIE HEBEJUKHM OCepeIoK MOXKEeXK Ha MiBAeHb BiJ 3B (mobim3y cena ['opojeninHa).
[Ipotsirom 26 Gepesns 2022 p. B 3B 3adikcoBaHO JMIIEe OJMH HEBEIMKUN OCEPEIOK
NPUPOAHUX NOKEXK B parioHi Hil [lomicbke (puc. 1). 27 6epe3Hs HOHOBUIIMCS TTOXKEXKI
oins c. Tapacu. [IpunuHeHHs 3MUB y Apyriil monoBuHI 100U 27 Oepe3Hsi mpu3Beso
JI0 TIOCUJICHHS TTOXEXK1 B IIbOMY paiiOH1 IPOTATOM 28 Oepe3Hs, a TAKOK TOHOBJICHHS
NPUPOAHUX MOXKEXK OUISA MIBACHHO-3aX1HO1 rpanulil 3B B HapoauupkoMy paiioHi
Kuromupcrkoi obmnacti. Kpim Toro, 28.03 3adikcoBaHO BHUHHUKHEHHS HOBOTO
ocepesIKy BOTHIO B paiioHi «Pymoro micy» Ha BiacTadi 2,5 — 4 KM Ha 3axiJ BiX
Yopuoobunscbkoi AEC. Hactynnoi qo6u 29 Oepe3Hs B 1IbOMY paliOHI TOpPIHHS
MPUIIMHUIOCh, HATOMICTh IIPOJIOBXKYBAJIMCH TOXKEX1 B paiioHi TapaciB Ta B
Hapoaumskomy paiioni (puc. 1). [lonHoBneHHs 3TMBOBUX OMajiB BBeuepi 29 Oepesns
MPU3BEJIO /10 MPAKTUYHO MOBHOTO NPUITMHEHHS MPUPOIHUX TOXexkK B 3B Ta B
MPUJIETIIUX 70 Hel paioHax npoTsirom 30-31 6epesns 2022 p.

[Toxxexi B 3B B OCHOBHOMY OXONMIN TEPUTOPIi, K1 10 HOpHOOMIIbCHKOI aBapii
BUKOPHCTOBYBAINCH JJISl CLTLCHKOTOCIIOIAPCHKOTO BUPOOHUIITBA, a 3apa3 MPEBaKHO
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BKPUTI TPABSHUCTOIO POCIMHHICTIO. L]l ke BUCHOBOK — BIIHOCHO HEBEJIMKA ILIOIIA
MOKEXK B JIICOBUX MAacHBax - UIIOCTPYE 1 KapTa pOCIMHHOIO MOKPHUBY, 3p00JicHa B
MOCT-40pHOOMIbChKHH TIepion (Puc.3).

Bigznauumo, 110 nmoxexi 2020 p. 9aCTKOBO MajIu MICII€ Ha THUX )K€ TEPUTOPISX,
ne BoHu Tparnuivcs B KBiTHI 2020 p. (Puc. 4) — B OCHOBHOMY B ITiBJI€HHO-3aX1IHII
yactuHi 3B Ta B paiioni cin Toscruit Jlic / byna.

Ha puc. 5 nHaBeneHo pe3yapTaTH OIMIHOK JTOOOBUX 3HAYEHb €MiCii aKTHUBHOCTI
137Cs Bracminok noxex B 3B 3a nepion 3 11 mo 31 Gepesns 2022 p. Ouinka cymapHoi
(3a et nepion) emicii aktusHocTi 1*’Cs ckmana 226 I'Bk.

Pe3yibTaT MoIeTIOBAHHSI ATMOC()EPHOT0 NMepeHeceHHsl PaiOHYKJIiAiB

ByJ10 BUKOHAHO MOJENIOBAHHS PO3NOBCIOKeHH °'Cs, MiIHATOrO B OBITPS B
pe3yibTaTl JICOBUX MOXKEX B 30HI BiAUykeHHS npotiarom 11-31 Oepesns 2022 p.
Jlns  po3paxyHKIB OyJ0 BHUKOPUCTAHO MOJICIBHUM KOMIUIEKC TiaiHOMY,
aTMOC(EpPHOro TEPEHECEHHSI Ta OCa/KEHHS PaJIOHYKIIIB Ha MiACTHIbHY
noBepxHio LEDI, po3po6nennii B [I11b AEC HAH VYkpainu [2].

B sxocTi BXiIHOI MeTeOopoJIOriyHOi 1HPOpMAaIlli 11 TPOBEACHHS MOACIbHUX
PO3paxyHKIB OyJId BUKOPUCTAHI Pe3yIbTaTH MOJIENI YHCEIBHOTO TIPOTrHO3Y MOTOAU
WRF, ska 3abe3neuye metreoposioriunumu jganumu pooory CIIIIP RODOS B
Vkpaini [3]. Byno BukopuctaHo pe3ysbTaTd NporHo3y noroau Ha nepion 3 00 rox.
11 6epesnst o 00 rox. 20 6epesnst 2022 p. 3 KpokoM y yaci 1 roJ1. Ha YucenbHIN CITII
153 X 66 By31iB y TOpU3OHTAIBHIN TUIONTHHI (po3Mipu ciTku 49.15 — 52.40 rpan. nH.
1., 24.25 — 31.85 cx. 1., kpok citku — 0.05 rpax). [1o BepTuKani BUKOPUCTOBYBAJIOCH
HUKH1 13 piBHIB po3paxyHKoBOi ciTku — 10 piBHs 700 rlla.

Ha puc. 6 HaBeneHO pe3yiabTaTH MOJCIBHUX PO3PaXxyHKIB MOJIB
CepenHbOI000B0I KOHLEHTpalii akTuBHOCTI °’CS B NpuU3eMHOMY IIapi MOBITpS,
0OyMOBJICHI MiAMOMOM MPOIYKTIB TOPIHHS MPOTITOM OKpemMux 110 3a mepion 3 11
mo 31 6epesns 2022 p.

[IpoTsirom nepmioi nonoBuHU Ao0u 11 Oepe3ns 30epiraBcst MiBIEHHO-3aX1IHUN
HanpsIMOK TiepeHeceHHst akTuBHOCTI 3 3B (Puc. 6a). B kiHii n1oOu BiH 3MIHHMBCA Ha
MBJICHHO-CX1THUH, B PE3YJIbTATI YOTO PAII0aKTUBHI MPOAYKTH TOPIHHS MOTJIN JIOCATATH
LHEHTPAJIbHUX Ta MIBJCHHUX oOjactell YKpaiHW, 1 JaJd BUHOCWIUCH Y HANpPsSMKY
MonnoBu, Pymynii Ta akBatopii YopHoro mops. Po3paxyHkoBI 3HauY€HHS
cepeHbo1000B01 akTuBHOCTI ¥’Cs Mormm pocsratn 1 MBx/m® Ha Bigcrani go 150-200
kM Big 3B. 3a3HaumMo, M0 3HAYEHHS JOMYCTHMOI KoHIeHTpauii °’Cs B mOBiTpi s
kareropii B ckmamae 800 mBx/M°. Bommouac, 3rimHo pospaxyHKam, B camiil 30Hi
Bi4y’)KEHHS 3HAYEHHS CEPEIHBOI000BOT aKTUBHOCTI °’CS B IIPU3eMHOMY IIOBIiTPi MOTIIH
nocsratn 150 mMBr/M>. Tlporsrom 16 GepesHst HamnpsMOK IEPEHECEHHs MPOIYKTIB
TOpIHHS 3MiHMBCA 3a 3axinHuil (Puc. 66). BHacmigok 1b0ro B OCHOBHOMY PaJllOaKTUBHE
3a0pyTHEHHS TIOBITPSI MaJIO MICIIE B MIBHIYHO-3aX1/IHIM YacTUHI YKpaiHu 1 Ha TepUTOPii
binopyci, 3 momanpimmM BUHOCOM B HanpsMKy banTiiicbkkoro mopsi. HactynHi 111 100u
17-18 Oepe3Hsi mepeHeceHHs paJioaKTUBHUX aepo3oiiB 3 3B TpuBano B 3aXxigHOMY
HanpsiMky (Puc. 16B-r). Ilpotsrom mepiogmy 3 11 mo 18 OepesHs mepeHeceHHS
PaIioaKTHBHUX aepO30J1iB — MPOAYKTiB ropinHs B 3B Ha KuiB He Bin0yBanocs.

3riiHO pe3yibTaTaM MOJIEIIIOBAHHS, TIEPEHECEHHS MPOYKTIB TOPIHHS BHACIIIOK
noxex B 3B mpotsirom 19 6epe3nst ta nepiioi monoBunau 20 6epe3ns BiaOyBaioch B
MiBACHHO-3ax1qHOMYy Hampsimky (Puc. 6x-e). Bmeuepi 20 Oepe3ns HampsiMOk
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MIEPEHECEHHs MPOJYKTIB TOpIHHSA 3 30H1 BIIYY)KEHHS 3MIHMBCS Ha MIBIACHHHM, IO
MOTJIO TPHU3BECTH JO IMJIBUIEHHS BMICTY pPaJiOaKTUBHHMX aepo30JiiB B IOBITPI
HEHTPAJIbHUX paloHIB YKpaiHu. 30KpeMa, MOJENbHI OIHKH TOKa3yloTh, IO
CepeIHbO1000Ba KOHLIEHTpalis akTuBHOCTI °’Cs B mpu3zeMHoMy nosiTpi Kuesa B neii
mepiof Morua gocaraTd 3HadeHb Ommsbko 10 MBr/M. Ilpu npomy moTpi6HO
3ayBaXHUTH, I10: 1) Il 3HAYCHHS Ha S5 TOPSAAKIB MEHIIE BETUYMHH JOITYyCTUMOI
xonuentpaiii *’Cs B mositpimis kareropii B 800 MBx/M’; 2) BOHO 3Ha4YHO MeEHIIE
snauenp konuenTpanii *’Cs B mosirpi Kuesa B nepion noxex 2020 p. (Hanpukiaz, 3a
JIAaHMMM BUMIpIOBaHb cepenns KonueHtpaiis *’Cs mporsrom 9-11 xsitas 2020 p.
nopisaroBana 477 MkBk/M®).

Broui 21 Gepesns 2022 p. 30epiraBcsi HiBACHHUN HAIpPsSMOK IEPEHECEHHS
NPOAYKTIB TOPIHHS, BHACIIJIOK YOTO MOJIeJIbHA OIliHKa CepeaHbo000BOL
KoHLeHTpaii aktueHocTi *’Cs B mpuzeMHoMy 1oBiTpi Kuesa ckiana 6nuspko 100
MKBk/M?. TIpote 3 panky 21 Gepes3Hs HapsIMOK MEPEHECEHHs 3HOBY 3MIiHMBCS Ha
MIBICHHO-3aX1JHUM, [0 TPHU3BEIO JI0 TOHOBIEHHSA 3a0pyIHEHHS MOBITPA
PaZl0aKTUBHUMHU a€pO30JIIMU B LIEHTPAJIBHHUX Ta MBACHHUX 00JacTAX YKpaiHU Ta
iX TOJIaTIBIIINM TIEPEHECEHHIM Ha TepuTopii Momaosu Ta PymyHii (Puc. 6¢€).

[lepeHeceHHs1 MPOIYKTIB FOPIHHS BHACIIAOK MOXEX B 3B mpoTsarom nepiioi
MOJIOBUHU 100U 22 Oepe3Hst 30epirajioch B MiBACHHO-3aX1THOMY HampsMKy (puc.
6x). B apyriii monoBuHi 00U 22 Oepe3Hs HANPSIMOK TEPEHECEHHs MPOMYKTIB
TOpIHHSA 3 30HU BiUY>KCHHS 3MIHHUBCS Ha MIBISHHO-CX1THUM, 1110 MOTJIO IMPU3BECTH
JI0 TIJBULIEHHS BMICTY PaJlOaKTUBHUX aepO30JIiB B MOBITP1 UEHTPAIbHUX PaliOHIB
Vkpainu. 3rilHO pe3yibTaTiB MOJICIIOBAHHS, CEpPeaHbO000Ba KOHIIEHTpAIlis
aktuBHocTi *’Cs B mpusemHOMYy moBiTpi KmeBa B Ll mepiog Morna mocsratu
3HaueHb 61u3bK0 25 MKBK/M?. Jlo Beuopa 23 Gepe3Hs MiBAEHHO-CXiHUM HAIPIMOK
NePEHECEHHS Pa/II0AKTUBHUX aepO30J1iB 3 30HU BiTUY>KEHHS 30epiraBcs, MICIs 40Tro
3MIHUBCA Ha CXIJHUW, 0 MpU3BENO A0 (OPMYBaHHS TMOJSI PadiOAKTUBHOTO
3a0pyIHEHHS MOBITPS, 1110 OXOIMMUJIO MPAKTUBHO BCIO CXIHY YacTUHY Ykpainu (Puc.
63). Jo xinis go6u 23 6epesns 2022 p. miBACHHO-CX1THUN HAMIPSMOK MEPEHECEHHS
MPOIYKTIB TOPIHHS BITHOBUBCS 1 30€piraBcsi mpoTsAroM yciei nodu 24 6epesnst 2022
p. (Puc. 6m). Ilporsirom 25 Oepe3Hs I0AaTKOBE paiOaKTUBHE 3a0pyIHECHHS
MPU3EMHOI0 MOBITPSL HA TEPUTOPIT YKpaAiHU BHACIIOK MPUPOAHUX MOXKEXK B 30HI
BITUYXEHHsI OyJIO MPAKTUYHO BIJICYTHE.

3rilHO pe3yJibTaTaM MOJENIOBAHHS, TIEPEHECEHHs TMPOAYKTIB TOPIHHSA
BHACHIJOK MOXex B 3B mpotsrom 27 OepesHst 30epirajoch B MiBACHHO-CXITHOMY
HaMpsMKYy (puc. 61), a 28-29 6epesns — B cxinHomy. CepeqHb01000Ba KOHIICHTPAITIS
aktuBHocTi '¥’Cs B mpuseMHOMY NOBITpi 3a Mexamu 3B 28 Gepesns Moria gocsraru
sgauens 10 200-500 Mxbk/M®, a 27 Ta 29 Gepesns — He nepesumtyBana 10 MkBk/m?
(Puc. 6i-x). IIporsrom 30-31 Oepe3Hs MOMATKOBE pajliOAKTHUBHE 3a0pyIHEHHS
MPU3EMHOI0 MOBITPS HA TEPUTOPIT YKpaiHU BHACTIOK MPUPOJAHUX MOXKEXK B 30HI
BIIUYKEHHS OyJI0 MPAKTUYHO BiJICYTHE.

BucHoBku. [Ipupoani moxexi B pa/lloaKTUBHO 3a0pyAHEHUX Jicax y 30HI
BITUYXEeHHs Ta mo0au3y ii KopaoHiB mpoTsarom 11-31 6epesns 2022 poky npusBenu
JI0 JTOJATKOBOTO PaJl0aKTUBHOTO 3a0pyJHEHHsS HABKOJUIIHHOTO CEPEIOBUILA B
camiil 30H1, @ TaKOX 10 aTMOC(HEPHOro MepeHoCy Paal0OaKTUBHUX aepo30JIiB 3a ii
mexi. [Ipote, 3riTHO 3 pe3yIbTaTamMu MOICITIOBaHHS, PIBHI KOHIICHTPAIlii aKTUBHOCTI

111



PaIIOHYKJIIIIB B TOBITPI Ta MOB’s3aHI 3 ITUM JI0O3M JIOJATKOBOTO OIPOMIHEHHS
JOJIMHU OYyJIM Ha KUJTbKA MOPSAKIB HIPKYMMU 32 BCTAHOBJIEHI HOPMAaTHUBH.

3a MOJEIbHUMH OLIHKAMH, CEPEIHF0N000Ba KOHIEHTPallis akTUuBHOCTI °/Cs y
npuseMHOMY 1oBiTpi Knesa 20 GepesHs MOIIa JOCATTH 3HaYeHb 0u36K0 10 MkBK/M,
21 6epesns — no 100 Mxbr/Mm?, a 22-23 Gepesnsa — 10 25 Mxbk/M>. 11i 3HaueHHs Ha 4-
5 mopsAKiB MEHILI 3a JoImycTUMY KoHIeHTpamito *’Cs y nositpi ajis kareropii B, mo
nopiBuroec 800 MBr/M>. KpiM TOro, BOHM 3HAYHO HMKYi BiJl 3HAYEHb KOHIEHTpALIii
137Cs y nositpi Kuesa nig yac noxex 2020 p. (Hanpukiaz, 3a JaHUMU BUMIPIOBaHb,
cepenns konuenrpanis *’Cs nporsrom 9-11 ksitas 2020 p. cranosuna 477 Mkbr/M?).

Ominka pagioakTUBHOTO 3a0pyIHEHHS MOBITPS B camiil 30HI BiIUYy>KEHHS
yTpyJHEHa 4Yepe3 Te, M0 IMiJl Yac MOoxexX Oyna MOUIKOMKEeHAa 1 He MpalioBaia
aBTOMATH30BaHa CUCTEMa PajialiifHOro KOHTPOJIIO.

JIicoBi moeXx1 B XOJOJHY MOPY POKY IPOTAroM OaraThOX POKIB MICHs aBapii
Ha YAEC 6ynu HetunoBum siutiem st 3B. [Ipote yepes 3MiHy KiIiMaTy 3pOocTae
HMOBIPHICTh CTBOPEHHS CHPHUATIMBUX YMOB JUIsl TIPUPOJHHUX TOXKEXK. Tomy Ha
JaHUH Yyac HEOOX1AHICTh BIAHOBIICHHS KOMILJIEKCY MPOTUIIOKEKHUX 3aX0/IIB Yy Jicax
30HU BIJIYYKEHHSI B TOBHOMY 00CS31 € HaI3BUYANHO aKTYyaJIbHOIO.

Puc. 1. Touku aktuBHOTO ropinHsa B KuiBcekiit o6sacti 3a nepion 3 11 mo 31
oepesns 2022 p. 3a gaaumu [1].

UKRAINE

. i
. ¢
i ST A

Puc. 2. Po3ranryBanHsi OCHOBHUX paioHiB Mmoex B 3B Ta 61u3bko ii rpanunb: 11
Oepesns (cuni kona), 14-16 6epesns (3eneni), 17-19 6epesns (Pioneroni), 20-21

OepesHs (5koBTi), 22-24 6epesns (O6makutHi) Ta 25-29 6epesns 2022 p. (uepBoHi).
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Puc. 4. Teputopii noxex 2020 p. (CHHIM KOIbOpOM) 1 moxkex 2022 p.
(4epBOHUM KOJIBOPOM).
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Puc. 5. 3nauenns 1060Boi emicii aktusHOCTI *'Cs B aTMOChepy BHACTITOK HOXKENK
B 3B 3 11 mo 31 Gepesns 2022 p., a Takoxk 3Ha4eHHs cyMapHoi emicii *’Cs npu
noxesxax 2015 ta 2020 pp.
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Puc. 6. Cepennbon0o60Ba KOHIEHTpalis akTuBHOCTI °'Cs B mpu3eMHOMYy mIapi
noBitpsa (Mxbk/M?), 00yMOBIeHa eMicicro mpoayKTiB ropinns npotsarom 11.03 (a),
16.03 (6), 17.03 (), 18.03 (1), 19.03 (m), 20.03 (e), 21.03 (¢), 22.03 (x), 23.03 (3),

24.03 (n), 27.03 (1), 28.03 (i), 29.03 (x) 2022 p.
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J10O IUTAHHS TPO OCHOBHI HAIIPSIMKHU MITPAIIIT
PAJIOHYKJIIAIB B 30HI YAEC

Ilunkapenko Bikmop, Tanepko Mukona, Kawnyp Bonooumup, Ceupuo
Onexcanop

[acTuTyT ipo6em 6e3neku AEC HAHY, m. Kuis,
shynkarenko.viktor@gmail.com

Abstract Data on the state of contamination by radioactive aerosols of the
surface layer of the atmosphere in the near zone of the Chernobyl nuclear power plant
after the construction of the New Safe Confinement (NSC) are presented. An
algorithm is proposed for estimating the 137Cs specific activity in the air depending
on wind direction, based on data on the activities of air filters exposed for a long
time. This makes it possible to identify the preferential directions of radioactive
aerosols entering each of the four filter-ventilation units in the near zone of the
Chernobyl nuclear power plant. The analysis of measurement data of 137Cs
volumetric activities in the air outside the NSC and meteorological parameters
indicates a significant contribution to the formation of radioactive aerosols by the
winds of the northern group. It is assumed that the most likely reason for this is the
influence of forest fires.

Key words: Shelter object, New Safe Confinement, volumetric activity of
137Cs in the air, forest fires.

Beryn

[Ticnst 3akiHdeHHs IEpBUHHOI (hazu YOpHOOMITLCHKOI aBapii MPOAOBKYBAIU JiSITH
TaKi JpKepena palloakKTUBHOTO aepo30JIF0 SIK MPUPOIHUM BITPOBUM MIIAOM MHIOBUX
YaCTUHOK 13 3a0pyTHEHOIO M1ICTUIIBHOT TOBEPXHI 3€MJI1, aHTPOTIOTC€HHE 3a0pY/THEHHS 32
PaxyHOK IIAOMY TIIITY 3 3a0pyTHEHUX JI0PIT, OyAIBETbHUX MallJaHUMKIB, 3a0pYJHEHHS
3a paxyHOK JIICOBMX IMOXKEX Ta MOCTiHHOI emicii 3 o0'ekta "Ykputrra" (OY) [1].
3po3yMiJio, 1110 BKJIAJ KOKHOTO 3 IIUX MEXaH13MiB B ()OpMYBaHHS aepO30JIbHOT CUTYAITil
B OymmokHil 30H1 YAEC OesnepepBHO 3MIHIOETHCS B 3AJICKHOCTI BiJl METEOPOJIOTIHHUX
YMOB (IIBUJIKOCTI Ta HAIIPSIMKU BITPY, HASIBHOCTI CHITOBOT'O TTOKPUBY, BOJIOTOCTI IPYHTY
TOIIO), BUY, IHTEHCUBHOCTI Ta MicCIlsl TipoBefieHHs pooiT. Jlo mobymosu HBK piBenn
paioakTUBHHUX aepo30iB B OnmvokHil 30H1 YA EC nepeBakHO BI3HAYaBCS a00 BUKUIAMU
3 B1acHe 00’ekTa YKPUTTS, a00 3 BIAMOBIAHUX MICIh TIPOBEICHHS POOIT HA TEPUTOPIi
ompxHboi 30HM [2-8]. Ilicns BcranosnenHss HBK BinOynocsi 3HWKEHHS HOTOKY B
HABKOJIMIITHE CEPEIOBUINE PATIOAKTUBHUX aepo30JiB Bl 00’€kTa «YKPUTTS» IO
CYNpPOBO/UKYBAJIOCH BIIMOBIIHUM POCTOM BKJIaAy I1HIIUX MOXIIMBHX JDKEpENn Y
dbopmyBaHHS pai0aepo30ibHOI cutyarlii B ommkHIN 30H YAEC. Ockibky AeTabHUA
aHaJI13 HAMPSIMKIB MOIIMPEHHS PAI0aKTUBHUX aepO30JIiB Y OJIMKHIM 30H1 Ta BUSBIICHHS
JOJATKOBUX JIKEPEN iXHIX HAJIXOMKEHb HE MPOBOAWINCH, MMUTAHHS BUSBICHHS TaKUX
JDKEpe 3aTUIIAE€THCS BIAKPUTHM.

Bu3zHnaueHHs1 HanpsIMKIB MEPEBAKHOTO IEPEHECEHHS pall0aKTUBHUX a€pPO30JIiB
3a JaHWUMH BHMIPIOBaHb aKTUBHOCTI a€pO30JbHUX (UIBTPIB YCKIATHEHO THM, IO
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HAKOMMYEHHSI aepo30JbHUX YaCTOK Ha TOBITpIHOMY (inbTpi BiAOYBa€ThCS
MPOTATOM TpUBaJIoro yacy (7 mi0) MpoTsAToM SIKOTO HAMPSIMOK BITPY HE 3aTUIIIAETHCS
nocTiitHuM. OO1MTH 1€ YCKIIaqHEHHS MOYKHA 3 JOTIOMOTOI0 CTATUCTUIHUX METO/IIB
U1t poOoTH 3 BekTopHIME BennarHamu [9,10]. B po6oTi [10] 6yna 3pobiiena ciipoda
MIPOBEJICHHS KOPEISAIIHHOTO aHalli3y CepeNiHIX 3a Yyac €KCIO3HUIlli HapsSIMKiB BITpIB
3 aKTUBHOCTSIMH BIMOBIAHUX (PUIbTpiB. B pe3ynbrati anamizy Oyno mokaszaHo, 0
micast BcraHoBieHHsT HBK 00’ ekt « YKpUTTS» mepecTtaB rpaTé pojb JOMIHYIHOUOTO
JKepera palloaKTUBHUX aepo30J1iB Y OukH1M 30H1. TyT moTpiOHO BiI3HAYUTH, 110
i Yac NpoUEeAypy YCEpeIHEHHS! BTPAYa€ThCs 3HAYHA YaCTHHA METEOPOJIOTTYHOI
iH(opMallii, KpiM TOrO BUKOPUCTAHHS YCEPEIHEHUX HAIPSMKIB BITPIB € HE 3aBXKIU
KOPEKTHUM, OCOOJIMBO y BHUMAJKY CHUIBHOI MIHJIMBOCTI BITPY MiJl Yac €KCHO3UIi
MOBITPSHOTO BLIBTpA.

MeToro poOOTH € JTOCHIKEHHSI TUHAMIKK 3a0pyJAHEHHS MPU3EMHOIO IIapy
aTMoc(epH paioaKTUBHUMH aepo3oisiMu B OnmmxHIN 30HI UAEC Ta BUsBICHHS
OCHOBHMX HaNpsIMKIB OIIUPEHHS TAKKX a€pO30JIiB MICIs 3aBEPIICHHS Oy11BHULITBA
HBK mpotsirom 2018-2019pp.

Marepiajiu Ta MeTOUKA eKCIIEPUMEHTY

BianoBiziHO 10 IpOrpaMu KOHTPOJIIO pagialliiiHOro 3a0pyAHEHHS IPU3EMHOIO
nrapy arMocgepu nooiau3y 06’ ekra « YKpUTTS MPOTATOM POKY MPaLOBAINA YOTUPU
¢1pTpoBeHTHIIALINHI ycTaHOBKH (PBY): ®BY-1 «Ventmeca» — po3ramioBaHa Ha
cxin Bia canmnpomyckauka CII-1430 npubnuzno 3a 500 M Bij miBAEHHO-3aX1THOTO
KyTa MamHHOTO 3ai1y; ®BY-2 «Talidyn» — 3HaxoauTbes Ha BifacTaHi 1,4 kM, OIS
aaminictpatuBHoro kopmnycy (AK) OV; ®BVY-3 «I'pag-1.8» Oyma posmiimieHa
Oe3mocepeIHb0 01715 MIBJACHHOI CTIHM MAamIMHHOTO 3aiy. [licist MoHTaxy 00’ekTa
«Apxka» s ®BY onunmnace ycepeauni HBK, ae 1 nponosxye mpairoBatu. ®PBY -4
«I'pan-1.0» posramoBana 3 TiBHIYHOI CTOpOHU 4-TO eHeproosoky. OCHOBHI
napametpu ®BY nHaBegeni B Tabn. 1, Ha puc. 1 mpuBegeHa cxema iXHBOTO
po3TanryBaHHs. Matepian noBiTpsHuX (uibTpiB — TkanuHa [lerpsinoBa PDIIII-15-
1,5. IlepioguunicTh 3MiHH PLIbTPIB 7 A10.

Tabnuug 1. OcHOBHI TexHIUHI XapakTepuctuku PBY

Hapaveron GBY dBYVY-1 dBY-2 dBYVY-3 dBY-4
PaMeTp «Ventmecay |«Tandyn» «I'pan-1.8» |«I'pan-1.0»

[Hupora 51023°13.0” [51°23°39.9” |51°23°17.9” |51°23°26.8”

MiCLI€3HAXOKCHHS

Jlosrora 30°05°31.4” |30°04°50.8” [30°05°52.4” |30°06°09.2”

MiCII€3HAXOIKECHHS

Bucora BinOupaHHs 1.0 2.5 1.8 1.0

npobu, M

[IpoayKTHUBHICTB, 300 4500 450 450

M>/ron

[Tnoma ¢inerpa, > 0,36 0,78 0,56 0,56

BuwmiproBanns aktuBHOCTI 137Cs Ha moBITpAHUX (UIBTpaXx MPOBOAWIM 3a
JIOTIOMOT'OI0 HaIiBIPOBITHUKOBOTO TaMMa-CIIEKTPOMETpa.
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AHani3 TOTrOAHHMX YMOB DO3IMOBCIO/DKCHHS PpaJiOaKTUBHUX aepo30JiiB
npoBoauiau 3a ganumu MiHi-meteoctaHnii II[Ib AEC HAH Vxkpaimm CR-10,
p03TaHJOBaH0'1' Ha J1aXy aaMiHICTPaTUBHOTO Kopmycy 00’exta «YkpuTTs». OCHOBHI
MeTeoponorqul napaMeTpH (HampsMOK 1 IBUKICTH BITPY, TEMIIEpaTypa, BOJIOTICTh
HOBlTpﬂ OMajay) OCEpeAHIOBAIMCS 1 3amaM'aToByBaiucs 1O 10-XBHJIMHHUX
1HTEepBaax.

CratucTHyHMN aHaMi3 IPOBOIWIIN 3a ToroMororo nakeTiB Excel ta Statistica-6.

. /1' FBV-3 P

> ——
] o A
EEY-1 /{‘;' | "\

Puc. 1. Cxema postamryBanus ®BY B OimxH1M 30H1 00’ €KTa « YKPUTTS.
1. OcHOBHUI TPOMUCIIOBAN MalJlaHYMK;
2. JlomoMi>KHHM MPOMUCIIOBUM MalJaHYUK;
3. 3aJIMIIIKK CTaBKa 0XO0JIOKyBaya;
4. I BogouMH.

JIOBKMHM CTPLIIOK no6n1/13y ®BY mnpomnopiriiini BeTUYMHAM CEPeIHIX TUTOMHUX
aktuBHOcTel 137Cs B IOBITP1 IJ1s BITPIiB BIAMOBIIHUX HANIPSIMKIB, a TXHS TOBIIMHA
- PIBHIO JIOCTOBIPHOCTI (JTUB. JaJi MO TEKCTy TabII. 3)
st ®BY-3 (uepBoHi cTpinku) macmrad 3meHmieno B 100 pas.

JAunamika akTuBHOCcTi PA B 0s1MkHiil 30H1 OY

[Muromi aktusHOCTI *’Cs B mositpi no6auzy ®BY, po3ranoBanux B OIHMKHINA
30oH1 OV npexacrasieni Ha puc. 2. Bigznauumo, mo Ha ®BY, po3ramoBanux mo3a
mexxamu HBK, crocrepiraerbcst cyTTeBe 3HMXKEHHs 00’e€MHOI aktuBHOCTI *’Cs B
nopiBHAHHI 3 pokamu 10 OyaiBHUIITBa HBK 1 0co6mmBo 3 mepiogomM Oy 1iBHUIITBA
camoro HBK [8]. ¥V Toii e uac aktuBHicts *’Cs B mositpi mix Hakpurram HBK
BHACJIIJIOK BUKOHAHHS POOIT 3 JAEMOHTaXy PaJl0aKTUBHO 3a0pyJHEHUX 00’ €KTIB
3ajMianacs J10CUTh BUCOKOIO
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Puc. 2. - Jlunamika 06’emHoi aktuBHOCTI 137Cs B mpu3eMHOMY IIapi MOBITPS
no6auzy OV npotsarom 2018 - 2019 pp.
A — ®BY-1 “Ventmeca”; b — ®BY-2 “Taiidpyn”;
B - ®BY-3 “T'pan-1.8"; I' — ®BY-4 “I'pag-1.0”

3HaX0IKeHHs1 cepeaHboi muTomoi aktuBHocti ’Cs B mosirpi BiTpi
pPi3HUX pyMOiB

Ax yxe Oyno 3a3HA4YCHO BHWINE, BU3HAYCHHS HAIMPSMKIB IEPEBAKHOTO
MePEHECECHHS Pai0aKTUBHUX aepO30JIiB Ta OI[IHKA YCEPEeIHEHOI 32 4acoM 00’ €MHOI
aKTUBHOCTI PAJIOHYKJIJIIB B TMOBITPI 3a JIaHUMHU BHUMIPIOBaHb AKTHUBHOCTI
aepo30JbHUX (IIBTPIB YCKIAAHEHO TUM, 110 HAKOTIMYEHHS a€pO30JIbHIX YAaCTOK Ha
MOBITPSHOMY (GIIBTP1 BiIOYBAETHCSA MPOTATOM TpHBaioro 4acy (7 mi0) mpoTsrom
SKOTO HAIpPsIMOK BITPY HE 3aJUIIAETHCS MOCTIMHUM. Hikde HaBOAMMO anroputm
MIPOBEICHHSI TAKO1 OIIHKH.

B xoxi momepemHporo oOpoOITKY MeETeopoJioTiuHOi iH(opMalii Oyro
MPOBEJECHO 11 ycepeaHeHHs 1Mo 3-roAuHHuX iHTepBanax. (CepenHio MBHUAKICTb BITPY
Ta 1l HampsAM 3HAXOAWJIM 3a MpaBUJIaMH [ii 3 BEKTOPHUMHU BeJIMYMHAMH). Y
BIIMOBIHOCTI /10 a3UMYyTa CEPEeAHBO1 IMIBUIKOCTI BITPY KOMXKHOTO 3 TPUTOJMHHHUX
iHTepBaJIiB OyB MOCTABJICHUH BIAMOBIAHUN pyMO Ta iioro Homep 3rigHo TabII. 2.
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Tabauus 2. ASUMYTAJIbHI KYTH Ta BUOpaHi Homepu pyMOiB

Pym0 N NE E SE N N4 /4 NW
A3uMyTaNbHI KyTH, | [337.5, | [22.5, | 67.5, | [112.5, | [157.5, | [202.5 | [247.5, | [292.5.
rpa. 22.5] | 67.5] | 112.5]| 157.5] | 202.5] | 247.5] | 292.5] | 337.5]
Howmep pymba, i 1 2 3 4 5 6 7 8

Po3rnsiHeMO OIWMH OKpeMHH BHIAJOK BHMIPIOBAaHHS IHTOMOi aKTHBHOCTI
pamionykiiny, B Haromy Bunaaky *’Cs, B mositpi. [IpoTAroM 4acy eKCHOZMIII Zey,
®BY npoxkauye neBHHI 00’eM TOBITps (O, pU I[OMY Ha (PUIBTPI HAKOIMYYETHCS
aKTUBHICT Ay BilnosinHO, oxep)KaHa IHMTOMA AKTUBHICTH . :A% . Koxny 3

€KCIIO3MIIII MOBITPAHUX (UIBTPIB OyJeMO XapaKTepu3yBaTH HaOOpoM pymOiB
TIIOYMX T1J 4Yac eKCro3uilii BITpiB. CKOPUCTABIIUCH TaOJUIICI0 METEOAaHUX,
MIIPaxy€eMOo ISl KOKHOI OKPEMO B3STOI €KCIIO3UIIIT YHCIIO BITPIB KOKHOTO 3 pyMOiB
- nj, 1€ [ — HOMEP BIANOBIAHOrO pymOa. ToOTO, KOXKHIM 3 €KCMO3ULINA MOCTaBUMO Y
BIIMOBIHICTh HAOIp 3 8 umMcel, 0 BIAMOBIIAIOTh HA0OOPY MIIOYUX BITPIB (€K1 3
LUX YUCET MOXKYTb OYyTH HYJISIMH).

3HEXTYEMO 3MiHAMHU TUTOMOI aKTUBHOCTI *’Cs B IOBITpi 118 BiTPiB KOKHOIO 3
pyMOIB MIPOTATOM Yacy ekcros3uiii ¢piapTpa, To0To OyJeMo BBaXKaTH, 10 MUTOMA
AKTUBHICTH B TIOBITPI1 JIJIsl BITPIB JAaHOTO pyMOa € MOCTIMHOIO MPOTITOM I[HOTO Yacy.
[To3HaunMo 1IyKaHy MUTOMY aKTUBHICTH B MTOBITP1 32 HASIBHOCTI BITPY i-TOTO pymMOa
yepe3 a;. BiAmoBinHoO, Taka % MUTOMa aKTUBHICTH @; Oy/1e Ha BXO/l1 MpOoOOB1AOIpHUKA
®BY npotarom nii BiTpy manoro pymoOa. [Ipu npomy Ha dinbTpi 3a vac 4 Oyze
BIAKJIQAE€HO aKTUBHICTD A;

Ai=ai-t-W=3ai-ni-W,
(1)

Je t; — 4ac Aii BITpiB AaHOrOo pyMm0Oa, n; — YHUCIO TPUTOJAWHHHX 1HTEPBAJIIB
MPOTSTOM SIKUX JISTTU BITpH AaHOrO pymOa, W — MpOAyKTUBHICTh MPOKAUyBAHHS
noBiTpsa dyepe3 ®BY. B nepmomy HabmmkeHHi Oyaemo BBaxaTu W cranoro s
JaHOoi yCTaHOBKH (quB. Ta0I.. 1). (mpum_1)

3HaiiemMo cymy BKJIafiB BITPIB (1) ycix pyMOiB B aKTUBHICTb Ay Ha QUIBTPI:

ZX:A,. =4, :Zﬁl3a,.-f7f-W:3Wia,-ni.
1 1 1 . (2)

i A. 4 . 4 . A4 .3 n :
,.; a0 =—== _-‘sz - Q = =z [_ —_ — — = = _—:_. - ._E .-_?E .
Lo - - I I W I3 =T Tl
; 3 3 3 3 — (3)

ne O — npokadaHuii yepe3 GuIbTp 00’ €M MOBITPS, f — YaC EKCIO3UINT PLIBTPY.

Otxe, 11t KoxkHOT excro3ullli GpineTpie @PBY B 3aranbHOMY BUMAAKy MaeMoO
PIBHSIHHS 3 BOCBMH HEBIJOMUMH TUTOMUMU aKTUBHOCTSMH @; BITPIB PI3HUX PyMOiB.
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BinnoBiaHo anst N BUMIpPIB y JaHOMY IYHKTI OTPUMY€EMO CUCTeMY 3 N piBHSHbD,
HAOMMKEHUN PO3B’A30K AKOi Ja€ 3HAUCHHS @; - YCEPETHEHUX MPOTATOM BUKOHAHHS
BuUMipiB mmTOMuX akTuBHOCTeH '’Cs B mOBiTpI I KOXHOro 3 pyMOiB.
3HaXO/KEHHSI PO3B’SA3KIB CHUCTEM PIBHAHb MPOBOJUIU B CEPEIOBUIIl MAKETY
Statistica-6. OKpiM 3HAXOJKEHHS 3HAUYCHb a; MAKeT Statistica N03BOJSE TaKOXK
OIIIHUTU PiBEHb JOCTOBIPHOCTI OTPUMAHUX KOEDIIIEHTIB, TOOTO BH3HAYAE PIBEHBb
IXHBOT HAJIHHOCTI.

Cepenni muromi akruBHocti ¥’Cs B noBitpi BiTpiB pisuux pyméiB B 30Hi
oy

[lepmn 3a Bce BIAMITUMO, 110 PEabHUN MPOIEC HAKOMUYEHHS aKTUBHOCTI Ha
(G1IBTP1 € OUTHII CKIIATHUM, OCOOJIMBO SIKIIO BPaxXyBaTU creln(]iKy OJMKHBOT 30HU
OYV. OxpiM pO3riasiHYTOrO MEPEHECEHHS 3 BITPOM HAsIBHI TAKOK IMOTYKH1 BUIAIKOB1
YUHHUKA aHTPOMOTEHHOTO XapakTepy, OOyMOBJCHI Hacamrmepes MPOBEICHHSIM
poOIT, pyXOM aBTOTPAHCIOPTY, a TaKOX JIICOBUMHU MOXKEKaMU. BUKIMKaHI HUMU
3HAYHI I1JBUIICHHS aKTUBHOCTI Ha PinbTpi ®BY 3matHi gaTH BaroMuii BHECOK B
CEpEeHIO MMTOMY aKTHBHICTb HAMIPSIMKY BITPY 3 IKUM CIIIBIaB 10 Yacy 1aHUN BUKHI.
[ToniOH1 BUKMAM 100pE MPOCTEKYIOTHCS HA puc. 2. 3BUYAITHO, 111 3HAYEHHS JIOCUTh
JIETKO BUKJIIOYMUTHU 3 PO3IJISAY, ajle MUTAHHS MPO BU3HAYEHHS T'PAaHUYHOIO PIBHA,
BUIIE SKOI'O MOYMHAIOTHCS BJIACHE BUKHUU 3aMILAETHCS BIAKPUTUM. binbiie Toro,
BEJIMUMHA 1ILOTO PIBHSI 3aJIEKUTh TAKOXK 1 B1Jl METH TTPOBEIACHHS TOCTIKEHH. TaK,
O0OyMOBJIEH1 JICOBUMH TMOKEKAMHU 3HAYCHHS Apyy CH1J BUKIIOYATH 3 PO3TISAY 5K
BUKUAM MPU AOCIIKEHH] TeHepalli paJloaKTUBHUX aepo30iB B OmkHIi 30H1 OV,
ajie BOHU X OyJIyTh MPEAMETOM aHaNI3y MPU BUBUEHHI BIUIUBY JIICOBUX MOXKEX Ha
3a0pyIHEHICTh MOBITPS PaJAIOHYKIIJaMH Y L1 30Hi.

B Tabnuii 3 HaBeeHi pe3ybTaTH po3paxyHKiB 06’ eMHOI akTuBHOCTI ¥'Cs y
MOBITP1 B 3aJIEXKHOCTI BiJ HampsMmky BiTpy s @BY 1 - 4 mo pokam, a Takox
CepellHIX 3Ha4eHb 00’ €MHOT aKTUBHOCTI 32 JIBa poKH. TyT K€ HaBeIeH1 Pe3yJIbTaTh
aHAJIOTTYHUX PO3PAXyHKIB 32 YMOBH BIIKHIAHHS BUKHUIIB. 3HAYeHHS 00 €MHUX
aKTUBHOCTEW JOJATKOBO MO3HAYEHI KOJIHOPOM Ta PO3MIpOM MIpU(PTY B 3aJI€KHOCTI
B1JI IXHBOTO PiBHS TOCTOBIpHOCTI: p > 0.95,0.95>p>09,09>p>0.8, 0.8 >p >
0.5. 3nauenHs 3 gocToBipHICTIO p < 0.5 omy1eHi, sk HecyTTeBl. OKpeMo NMPUBEIACHO
upcno piBHaHb n. Ha puc. 1 Bigmosigni 3Ha4enHs 06’ emHux aktuBHOCTER 'Cs y
MOBITP1, 10 OyJIU OJepKaHl 32 YMOBU BIJAKHUJIAHHS BUKHUJIB, 300paKe€H1 Y BUTJISAII
CTPUJIOK BIJIMOBITHOTO HANIPSIMKY, JIOBKWHA SKUX MPONOPLIAHA aKTUBHOCTI.

3 Tabmuui 3 06aunmo, 1[0 BITPU MIBHIYHOI TPyNOU CHPSIMyBaHHS
XapaKTepU3yrThCs HAIXO/KEHHSIM TOBITPS 3 MIABUILICHUMHU DPIBHSIMU 00’ €MHOI
aktuHOCTI *'Cs s ®BY 1, 2 1a 4. I K10 B AKOCTI JKEpeia TaKMX ITiIBUIECHUX
piBHiB 11 ®BY-1 minkoMm BiporigHo posrisgaty oynisiao OV, to qis @BY-2 ta
®BYVY-4 Take MosICHEHHSI HE CHPAIbOBYE, OCKIIBKM BOHH PO3TAIllOBaH1 MIBHIYHIIIE
Big OV (nuB. puc. 1). Bunanenns ekcrpeMalbHUX TOYOK MPU3BOAUTD 10 3HIKEHHS
pIBHIB aKTUBHOCTI BITPIB MIBHIYHOI I'PYMH, IO CBIAYUTH PO MEPEBAKHUMN 3B'SA30K
BIAKMHYTHX 3HA4YeHb 3 BiTpaMu 1i€i >k rTpynu. ToOTO, MiBHIYHI BITpHU
XapaKTEPU3YIOTHCS MiIBUIICHUMHA 00’ €EMHUMH aKTUBHOCTSIMU 1 3 IUMU K BITpaMH
MOB’s13aH1 TAKOXK 1 eKCTPEMaJIbHI 3HaAUYEHHS 00’ EMHUX aKTUBHOCTEH. Taki KOJMBaHHS
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BEJIMYMH 00’ €MHUX aKTHMBHOCTEH MOXYTb OyTH MOSICHEH1 JI€I0 TBOX MEXaHI3MIiB —
peCyCIieH31€10 paliOHYKIIIHUX 3a0py/HCHh B IMBHIYHIM YacTHHI 30HHM Ta/abo
BIUTMBOM JTICOBHX MOXKEXK. AJie 3 pucC. 2 BUIHO, 10 MAKCUMYMHU CE30HHHUX KOJINBaHb
CepelHIX 3HAaueHb MUTOMUX AKTHUBHOCTEH NPHUIAJAIOTh Ha JIITHI MICSIll, IO HE
y3TODKYETHCS 3 MEXaHI3MOM PECyCIIeH3i1, Ha 3aBajii pOOOTH SIKOTO BUCTYIIA€ BKPHUTA
POCIIMHHICTIO TIJACTHIbHA MOBEepxHs. OTxe, OUIbII BIPOTIAHO MPUIYCTUTH, IO
IiABHUILEH] PiBHI cepenHboi 00’ eMuoi akTuBHOCTI *’Cs B IOBITpi BITPiB MiBHIYHOIO
CHPSMYBAHHS € HACTIAKOM JIICOBHX MOKEXK.

Taoanusa 3. Cepeani 00’€MHI aAKTUBHOCTI 137Cs B NMOBITPi B 32J1€2KHOCTI Bij
HANPSIMKY BiTpiB, MBK/M?

PiBenn
Ne Hanpsivku BiTpy BiIKHIaHH
DB Poxu n s1 BUKUIIB
v A,
N NE E SE S Sw w NW KB/
2018 2.18 3.06 0.99 1.08 40
2019 0.75 0.44 3.37 0.42 1.31 20
2018-
| 2019 1.47 2.71 0.81 0.99 60
2018 1.47 1.68 0.67 0.61 34 1200
2019 0.75 0.34 3.10 0.52 0.53 16 800
2018-
2019 0.98 0.32 1.25 0.95 0.53 1.05 49 1200
2018 0.71 0.35 0.27 40
2019 0.21 0.48 0.31 0.34 26
2018- 0.43 0.58 0.11 0.44 66
) 2019
2018 0.20 0.25 0.19 0.37 0.37 36 400
2019 0.24 0.87 0.17 0.35 24 400
22%1189- 0.25 0.16 0.18 0.32 0.16 0.07 0.37 60 400
2018 259 593 46
2019 609 44
2018-
X 2019 431 486 90
2018 162 313 357 44 500
2019 90 283 126 193 40 500
2018-
2019 107 266 172 278 84 500
2018 1.20 0.37 0.65 0.76 40
2019 3.72 0.90 24
22001189_ 0.85 1.50 0.66 0.58 65
4 2018 0.29 0.33 0.23 0.40 0.22 0.73 0.29 33 600
2019 0.37 0.34 0.45 0.67 19 600
22001189_ 0.35 0.35 0.18 0.21 0.16 0.35 0.68 0.19 52 600

[Mo3nauenns nocrosipuocri: p > 0.95,0.95>p>0.9,0.9>p>0.8,0.8>p>0.5.

3a3HauMMO, 10 UIOPIYHE MIABUILEHHS 00'€éMHOI aKTHMBHOCTI aepo30JiiB Y
MOBITPI TiJT Yac MOKEKOHEOE3MEeYHOTO CE30HY BiI3HAYAETHCSI B poOOTaX OaraThox
nocmiaaukiB [11-13]. Tak, B [11] Oysio BkazaHO Ha JOCTOBIpHE 301/IbIIIEHHS 00'€MHOT
AKTUBHOCTI JOBIOKUBYUYMX PAJIOHYKIIIIIB Y TMOBITP1 B JIITHI MICSIl HA TEPUTOPIi
HIBewii, B pobotax [12-13] — Ha teputopii binopycii.
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BucnoBku. Ilicns Bcranornenns apku HBK y npoekTtHe nosioxeHHs B OJMKHIN
30H1 00’ €KTa « YKPUTTSD CIIOCTEPITraeThCs 3MEHILICHHSI PiBHS 3a0pyTHEHHS IPU3EMHOTO
I1apy TOBITPs, HE3BAKAIOUM HA T, IO BHACIIJIOK TPOBEICHHS MOHTAKHHX POOIT
MUTOMAa aKTUBHICTH NOBITP 1111 HAKpUTTIM HBK 3anmuinaersest 1OCHTh BUCOKOIO.

3anponoHOBaHU MeTOA AJii OOYMCIICHHS HAOMMKEHUX 3HA4YeHb CEPeIHIX
aKTUBHOCTEW PalOHYKJIIiB Y IOBITP1 B 3aJIEKHOCTI BiJl HAMPSMKY BITPY, BUXOASUU
3 JAaHUX METEOPOJIOTIYHHUX CIIOCTEPEKEHD Ta BEJIMUMH aKTUBHOCTEH (QibTpiB PBY,
€KCIIOHOBAaHUX MPOTATOM TPUBAJIOTO Yacy.

[ToxazaHo, 110 BITpU MIBHIYHOTO CHPSMYBaHHS Ha TEPUTOPIi OMMKHBOI 30HU
YAEC xapakTepu3yroThCs MABUIICHUMHU PIBHIMU CEPEIHBOI Ta MKOBOT aKTUBHOCTI
137Cs B moBiTpi. BUCTIOBIICHO TPHUITYIIEHHS, [0 HANHOLIBII BipOTiAHOI IPUYHUHOO
TAKOT'0 MIJIBUILEHHS € BIUIUB JIICOBHUX ITOKEXK.

Ipum_1 (Ilpooykmuenicme ®BY 3anesxcums 6i0 pady ¢pakmopie, nacamnepeo
810 onopy inbmpa 01 NOGIMPSAHO20 NOMOKY — 8 KIHYI eKCno3uyii npooyKmueHicmay
oewo 3uudxncyemvcs. CuibHe 3HUNCEHHS NPOOYKMUBHOCMI CHOCMEpicacmvbCs 34
HeCNnpUsImIUGUX MemeoposloiUHUX YMO8 — MYMaH, OpiOHUll Oowy, cHie. B Oinbuu
HOBUX NPUIAOAX 3A0aHA NPOOYKMUBHICHb NIOMPUMYEMbCSL ABMOMAMUYHO)
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	Область моделі була вибрана на міжріччі річок Прип’ять та Уж (рис.1).
	Рис. 1. Природні та техногенні умови району
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	До об’єктів техногенного навантаження також відносяться об’єкти Чорнобильської атомної станції, які були, є і побудовані після аварії, об’єкти водогосподарської діяльності – свердловини Прип’ятського водозабору, дренажі підземних вод, ставок-охолоджув...
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	Фільтраційна модель складається з трьох геологічних шарів (рис.2).
	Рис.2 Схема трьовимірної моделі фільтрації.
	Вона має два водоносних шара – верхній безнапірний та нижній напірний бучацький горизонт з коефіцієнтом фільтрації 8 м/доб, розділених між собою слабопроникним (0,0003 м/доб) шаром Київського мергелю. Але, в районі населених пунктів Стара Красниця та ...
	Стіна в ґрунті, що виконана з глини і врахована в моделі шляхом змінення коефіцієнту фільтрації в осередках розрахункової сітки, через які вона проходить.
	Розрахунок інфільтраційного живлення безнапірного водоносного горизонту проводився за результатами спостережень за режимом ґрунтових вод в районі ЧАЕС. Дані інфільтраційного живлення на полях – фільтрації (КОС м. Прип’ять) отримані за допомогою моделю...
	Висновки. Постійно діюча модель фільтраційних та міграційних умов міжріччя Прип’ять – Уж Чорнобильської зони відчуження дозволяє отримати прогнози змін радіогідроекологічної обстановки в підземних водах під впливом будівництва, експлуатації та зняття ...
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	Модель може бути використана для оперативних прогнозів розповсюдження радіонуклідів під впливом терористичної діяльності, зокрема під впливом влаштування терористами окопів у Рудому лісі.
	Результати виконання прогнозів дозволяють оптимізувати проектні та управлінські рішення по спорудження об’єктів та захисту підземних вод від забруднення.
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	Метою роботи є дослідження динаміки забруднення приземного шару атмосфери радіоактивними аерозолями в ближній зоні ЧАЕС та виявлення основних напрямків поширення таких аерозолів після завершення будівництва НБК протягом 2018-2019рр.
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	Відповідно до програми контролю радіаційного забруднення приземного шару атмосфери поблизу об’єкта «Укриття» протягом року працювали чотири фільтровентиляційні установки (ФВУ): ФВУ-1 «Ventmeca» – розташована на схід від санпропускника СП-1430 приблизн...
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	Вимірювання активності 137Cs на повітряних фільтрах проводили за допомогою напівпровідникового гамма-спектрометра.
	Аналіз погодних умов розповсюдження радіоактивних аерозолів проводили за даними міні-метеостанції ІПБ АЕС НАН України CR-10, розташованої на даху адміністративного корпусу об’єкта «Укриття». Основні метеорологічні параметри (напрямок і швидкість вітру...
	Статистичний аналіз проводили за допомогою пакетів Excel та Statistica-6.
	Рис. 1. Схема розташування ФВУ в ближній зоні об’єкта «Укриття».
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	Довжини стрілок поблизу ФВУ пропорційні величинам середніх питомих активностей 137Cs в повітрі  для вітрів відповідних напрямків, а їхня товщина - рівню достовірності (див. далі по тексту табл. 3)
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	Питомі активності 137Cs в повітрі поблизу ФВУ, розташованих в ближній зоні ОУ представлені на рис. 2. Відзначимо, що на ФВУ, розташованих поза межами НБК, спостерігається суттєве зниження об’ємної активності 137Cs в порівнянні з роками до будівництва ...
	Рис. 2. - Динаміка об’ємної активності 137Cs в приземному шарі повітря поблизу ОУ протягом 2018 - 2019 рр.
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	Висновки. Після встановлення арки НБК у проектне положення в ближній зоні об’єкта «Укриття» спостерігається зменшення рівня забруднення приземного шару повітря, незважаючи на те, що внаслідок проведення монтажних робіт питома активність повітря під на...
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