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Kontpons noryxnocti BBEP-1000 Ha ocHOBi curHasnis
HEMITPOHHUX JeTEKTOPiB

Kniouosi cnosa:

TeIIOBa IOTY>KHICTh peaKTopa,
IapaMeTpy HEMTPOHHOTO
IIOTOKY,

IEeTEKTOP MPsIMOTO 3apAnY,
¢dbonoBa XMIa,

MOJIe/Ib KOPeKIIii,

BaroBi koedirienTn.

3HaueHHA TeIIOBOI TOTYXHOCT peakTopa (TTIP) BukopucToBy€eThcA B cCTeMaX KOH-
tpoio BBEP-1000 B 6inburocti aaropurmis GopMyBaHHs CUTHAIIB KepyBaHHs, 610-
KyBaHHA i 3aXJCTiB, a TAKOX 3a IIIM ITapaMeTPOM BU3HAYAIOTHCA TEXHIKO-€KOHOMIYHi
MOKAa3HIKY €HePro6IoKy. Y cTaTTi po3risiHyTO CIIocoOu MiABUILEHHS TOYHOCT] BU3HA-
yeHH:A TIIP Ha OoCHOBI cMTrHAJIB CHCTEM KOHTPOMIO IapaMeTPiB HEITPOHHOTO IIOTOKY
BBEP-1000. ITnaun 3 migBumienuss TIIP BBEP-1000 mo 101,5%, a misHimre imo 104-
107 % HOMiHa/IbHOI BUMAraloTh TOZATKOBMX OOIPYHTYBaHb LIOZO TOYHOCTI BU3HAYEH-
Hs1 TTIP. Po3risiHyTO OCHOBHI (haKTOPY, 110 BIVIMBAIOTH Ha OX1OK M BusHaveHHs TTIP
3a MMapaMeTpaMM HEITPOHHOTO IOTOKY B allapaTypi KOHTPOJII0 HEMTPOHHOTO MOTOKY
(AKHII) i cucremi BHyTpimHbOpeakTopHOro KoHTpomnto (CBPK). Ina mipBuimenHa
touHocTi BusHaueHH: TIIP 8 AKHII sampornonoBaHa MoJenb aBTOMAaTUIHOI KOPEKIIii
curHany ioHisamitHOI KaMepu 3a/IeXXHO BijJ 3MiHUM TeMIlepaTypu i KOHIeHTparil 60p-
HOI KMCJIOTY B TEIIJIOHOCI], ITOJI0)KEHHA OpPTraHiB Pery/N0OBaHHA CUCTEMM YIPaBIiHHA i
3aXJICTY, BUTOPAHHA IIa/IVBa TOIO. AHa/Ii3 3MiHM CUTHATIB (POHOBMX JXIJI ZeTEKTOPiB
npsamoro 3apany ([AI13) ynpopgosx manuBrux KammaHziit BBEP-1000 mokasye mpus-
IIUIIOBY MOXK/IMBICTh BUKOPUCTOBYBATY CYMapHMIT CUTHAI (POHOBMX XKWL /151 BU3HA-
genna TIIP. IlpencraBieni pe3ynbraTy aHamisy 3MiHM ITOXMOKM BU3HAYeHH:A cepef-
HbO3Ba>KEHOI IIOTYXXHOCTI peaKTopa y BUIIAJKy 3aCTOCYBaHHA JOLATKOBOIO CIOCO0Y
BusHaueHHA TTIP Ha ocHOBI curnanis ¢ponosux >xun JI13.

KoHTponb i ynipaBniHHA TEMIOBOIO MOTY>KHICTIO pe-
aktopa (TIIP) € omHMMU 3 Ba)XTUBUX 3aBIaHb CUCTEM
KOHTpon i giarHoctuku BBEP-1000, mo HanpaBeHi
Ha ybesnedyeHH jioro ekcryaranii. Kpim roro, rernosa
MIOTY>KHICTb € IapaMeTPOM, 3a AKMM BIM3HA4aIOTbCS TeX-
HiKO-eKOHOMIUHi TOKa3HUKM eHepro6IoKy, y TOMY 4MCIi
it KoedinieHT kopucHoi nii. Tomy 3aBgaHHA mifBUIIEH-
Hs TouHOCTi BusHadeHH: TTIP € akTyampbHUM 0COOIMBO
3 ornAny Ha mwiaHy 3 nigsuienHs TIIP BBEP-1000 go
101,5 % nominanbroi (N, ) (1], a misnime it o 104-107 %
N, > AIKa 3TiIHO 3 IPOEKTOM MA€ MOTYXHiICTh 3000 MBT.

TIIP € opHuM i3 HallBa)K/IMBIIINX HapaMeTpi.,
3a AKUM 3[i/ICHIOETbCA KOHTPOJD 1 peryloBaHHA Ha

BBEP-1000. Ha ocHosi 3HaueHnp TIIP peanizoBano an-
TOpUTMK POOOTU TAKUX CUCTEM, SIK aBTOMATUYHMUIA
perynsarop motyxHocTi (APII), posBaHTa)keHHS i 00-
MexxeHHA noTykHocTi (POII); a Takox peanisoBaHO
nonepemxyBanbauii 3axuct (I13), mpuckopennit morme-
pemxyBanbamit 3axuct (I1I13) i aBapirtanit 3axuct (A3)
peaxropa [2].

TTIP na BBEP-1000 He BuMipooeTbcs 6e3mocepen-
HbO, A BU3HAYAETbCS Ha OCHOBI HENPSIMUX METOJiIB
BusHavyeHHs TIIP takumu ciocobamu [2]:

3a TEIUVIOTeXHIYHMMM ITapaMeTpaMi 1-ro KOHTYPY;

3a ImapaMeTpaMu 2-TO KOHTYpPy — HapaMeTpaMu
mapy i BUTpaTaMy XMBVIBHOI BOM B TapOreHepaTopi;

© B. I. bopucenko, [I. B. byguk, B. B. Topanuyk, 2019
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3a IMapaMeTpaMy 2-TO KOHTYyPYy — IapaMeTpaMMu
Iapy i BUTpaTaMy XMBM/IbHOI BOAY 32 MifjirpiBadyaMu
Bucokoro tucky (I1BT);

3a CUTHajJIaMM allapaTypy KOHTPOJIIO HEITPOHHOTO
noroxy (AKHII);

3a CUTHAJIAM JIeTeKTOpiB mpsamoro 3apany ([II13)
CHCTEMN BHYTpilTHbOpeakTOpHOro KoHTporio (CBPK).

Ha ocHosi 3Hauens TIIP, Bu3HaueHux 3a crocoba-
M1 Ne 1-5, po3paxOBYy€TbCA CepeHbO3BaKeHa TEI/IOBA
notyxHicTb (C3TII) peakropa. Came 3nauennsa C3TII
peaKTopa BUKOPUCTOBYIOTbCA /IS IPOBEJEHHA Iepio-
nuuaux TapyBanb AKHII, B skiit i popmytoTbes curHa-
JIM yIIpaBIiHHA, OI0KyBaHHA i 3axucty B cuctemMax APTI,
POIL, I13, III13, A3. Tomy 3aBpanns BusHaueHnHsa C3TII
3 HalIMEHIIOI0 IIOXMOKOI0, Y TOMY YVC/Ii i BM3HAUeHH A
TIIP 3a curnanamu AKHII, € akTyanbHuM i BaXX/IMBUM.

Posrnsanemo ocobnmusocti BusHauenns TIIP y cu-
cTeMaXx, fAKi KOHTPOIKTh NapaMeTpy HEMTPOHHOIO
notoky BBEP-1000, a came B AKHII i CBPK. 3asBnuait
noxu6ku BusHaueHHs TTIP B AKHII Ha ocHOBI curHais
ionisauiriumx kamep (IK) i B CBPK Ha ocHOBi curHaiB
JII13 MaroTh Ha16i/IbIIi 3HAYEHHA y IOPiBHAHHI 3 iHIIN-
mu crioco6amu susHadeHHA TIIP [3]. Tomy akryanbHu-
MU € TOCHIIKEeHHA 3 MigBUIIEHHS TOYHOCTI BU3HaYeH-
s TIIP B AKHII i B CBPK Ha ocHosi curnanis IK ta
III3 BigmoBimHO.

ITig yac Busnavenus TIIP BBEP-1000 Baki1uBoio
nepesaroo AKHIT i CBPK nepep cmoco6aMu BusHa4eH-
Hs TIIP 3a TemmorexHiuHuMy nmapamerpamu 1-ro i 2-ro
KOHTYPIB € IX IpakTu4Ha Oe3iHepLiilHICTh, 0COOMNBO
B AKHII. Cnioco6u BusHadenus TIIP 3a TennoTexHid-
HMMU IIapaMeTpaMM MOXYTb MaTU SIK BUCOKIi IIOKa3HM-
KU 3a To4yHicTI0o BusHaueHHA T1IP, Tax i, HaBmaky, myxe
HI3bKY TOYHICTb.

Bucoka TounicTs BusHauenHsA T1IP 3a mapamerpamn
2-TO KOHTYPY BOCATAETHCS 32 JOBIOTPMBAIOL poOOTH Ha
CTalliOHApPHOMY PiBHi HOTY>KHOCTi, KOTI BCTAHOB/TIOETh-
¢ piBHOBara MiXk reHepalji€lo eHeprii y 1-My KOHTypi Ta
il Bif6OpOM y 2-My KOHTYpi, a IpMIafy BUMipIOBaHHs
TeMIIEpaTyPH i BUTPaTU TEIJIOHOCiA BCTAHOBJIEH] 3TiTHO
3 BUMoramu [3, 4].

Hwusbka TounicTb BusHaueHH: TIIP 3a TennorexHiy-
HMMU [TapaMeTpaMU € HacJliJKOM NPOsIBYy Ha KOHKpET-
nomy BBEP-1000 BigmiHHOCTEN Yy IPOTiKaHHI Temuo-
TiipaBIiYHUX IPOLECIB i BU3HAYEHHI TENIOTEXHIYHNUX
MapaMeTPiB TEMIOHOCi .

[To-nepie, 1e MOBA3aHO 3 OCOOIMBOCTAMNU TeX-
HIYHOI peasisanii cucTeM KOHTPO/IO TEIUIOTEXHIYHNUX
napaMeTpiB 1-To KOHTYpY (TeMIepaTypu i BUTpaTu Te-
wIoHocis). Hanpukiag, Take sAiBuie K cTpaTudikanis

TeIJIOHOCiA IPU3BOAUTD O TOTO, 1[0 Pi3HUIIA B 3HAYEH-
HAX TeMIIepaTyp 3a JaTYMKAMU TeMIIepaTypPHOTO KOH-
TPOJIIO B rapsdiit HUTLi MoXke csaratu ~3 °C i 6inbie [5],
110 361/1bIIye MOXMOKY BI3HAYEHH IIOTY>KHOCTI IIeT/Ii 10
noHap 10 %, 10 3HaYHO MepeBUILYE IPOEKTHI BUMOTH.

JIpyroio mpUYMHOI € 0COONMMBOCTI TEXHIUHOI pe-
amisalii cucTeM KOHTPOJIO TeNOTEXHIYHUX ITapaMeTpiB
2-ro KOHTYPY (TeMIlepaTypu i BUTpaTu Ternonocis). Ha-
MpPUKIaJl, 9YaC TPAHCIOPTYBAaHHA TEIIOHOCIA Bif MicIib
KOHTPOJIIO JI0T0 TeMIIepaTy pi 0 BXOAly B IapOTeHepaTop
a6o I1BT moxxe csAraTut fecsATKiB cekyH [4], 0 cyTTeBO
BIUIMBA€E HA IVMHAMIYHI IapaMeTpU CUCTEMU KOHTPOJIIO.
Ha nesxux enepro6mokax i3 BBEP-1000, nanpukian,
AEC TaubBanb-1, 2 i AEC Kaninin-3, B3arani BigMoBI-
nmch Bif crocoby BusHauenHA TIIP 3a cnocobom Ne 3
(3a mapamerpamu I1BT) uepes ocobnmuBoCTi cuctem pe-
anmisanii BUMipIOBaHb BUTPATU TEIIOHOCIA [6].

BusHauyeHHA NOTY>KHOCTi AAIEPHOTO peaKTopa
B AKHII

BusHadyeHHA MOTYXXHOCTi ALEpPHOTO peaKTopa
B AKHII € TpaguniitHum crioco6oM 1ije 3 mepIinx sgep-
HUX peakTopis [7].

TIIP 3a curnmamamm AKHII pospaxoByeTbcs sK
HOpMOBaHa Ha KimbKicTh ycix IK AKHII cyma cur-
HaziB ycix IK AKHII. Ocob6nusicrio € Te, mjo B AKHIT
He BUMIPIOETbCS 6e3M0cepeHbO IIiIbHICTD IMOTOKY
HEJTPOHIB, fIKa 1 BU3Ha4Ya€ HEMITPOHHY MOTY>KHICTh pe-
aKTOpa, a peECTPYIOThCA HEMTPOHU BUTOKY 3 aKTUBHOI
30HM peakTopa. KimbKicTh HEMITPOHIB BUTOKY 3 P€aKTO-
pa, a BifnoBigHo i curnan IK, mponopuiriHi HEMTpOHHI
HOTY>KHOCTI peakTopa. /11 BCTaHOB/IeHH:A KoedilieHTa
nponopuiaocTi Mix curHanom IK i TIIP nmpoBogaTs-
¢ Tak 3BaHi TapyBaHHA 114 KoxHOi IK AKHII. Takwnii
HifXif € BUIIpaBRaHUM i 3abe3nedye HeoOXiJHY TOYHICTD
Br3Ha4eHHA noTy>XHOoCTi B AKHII Tinbkm ayis pexxumis
po60TH eHepro6Io0Ky 3a He3MiHHOTO MpoQinio eHepro-
PO3IOAINY 0 06’€MY aKTUBHOI 30HM.

[Ipo6nema monsrae B TOMY, IO IIiJi 9ac MepeXifHuX
pexxumiB po6oTtu BBEP 3i 3MiHOI0 mapameTpiB (Takux sK
TeMIlepaTypa TEIJIOHOCiA Ha BXOJli B peaKTOp, KOHIIEH-
Tparis 60pHOI KMCIOTY B TEIJIOHOCI] 1-T0 KOHTYPY, THUCK
y 1-My KOHTYpi, IepeMillleHH: OpTraHiB PerylII0BaHHA CU-
cremu ynpasiinaA i 3axucty (OP CY3)), a Takox npn
BUTOPSIHHI AJIEPHOTO ITa/l}MBa, HAaBiTh Y CTaljioHapHUX
pexx1Max po6oTy, Bif6yBaroThCst 3MiHY B PO3IIOA NI Hell-
TPOHIB 10 06’EMy aKTMBHOI 30HU PEaKTOPa, 1110, B CBOIO
4epry, BIVIMBA€E Ha BUTIK HEMITPOHIB 3 aKTMBHOI 30HM, AKi
i peectpyrorbca IK AKHIT [8].
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3a mepexifiHNX peXxuMiB pobOTH peaKTopa BCTa-
HOBJIEHA IIiJ] Yac TapyBaHHA BifgnoBigHicTb Mix TIIP
i curnanom IK AKHII nopymryerbcs, 1o npusBoguTh
10 36i/blIeHH s MOXMOKY BU3HAUYEHHS HEMITPOHHOI I10-
ty>xHOCTi B AKHII, sIKa MO>Xe icTOTHO IepeBUIINTH [0-
3BOJICHY B TeXHO/IOTTYHOMY periaMeHTi 6e3MeuHol eKc-
mwryaranii BBEP-1000 mexy B 2% [9].

Curyanisa Moxxe 6yTy 3HAUYHO IIOKpallleHa Mif Jac
peanizanii B AKHII aBTomaTnyHO{ KOopekii curHamis
AKHII y pasi 3sMiaN TeMIepaTypu TE€I/IOHOCIS Ha BXOA1
B PeaKTOp; KOHILIEHTPaL[ii 6OPHOI KUCTIOTY B TEITIOHOCIT
1-r0 KOHTYpPY; TUCKY B 1-My KOHTYPi, nonoxeana OP
CVY3, a TakoX 3 yacoM [i/is BpaXyBaHHs BIIJIMBY BUTO-
PSAHHA AEPHOTO MalNBa.

Anroputmu aBroMaTndHoi Kopeknii AKHIT MmoxyThb
OyTu mobynoBaHi Ha BUKopyucTanHi MeTory MonTe-Kap-
70 i711 MOZENI0OBAaHHA NIEPEHOCY HEMTPOHIB B aKTUBHI
30Hi, 6insaKoprnycHOMY npoctopi BBEP i Miciisax posra-
mryBaHHA IK y 6eToHi 6io/morivHOro 3aX1cTy peakropa.

[Tonepenubo mifTBepm>XeHO (8], W0 BIpOBa>KeH-
Hs Mopeni kopeknii curHanis IK AKHII fossonuts s
IIMPOKOTO CIIEKTPY IepexifHnX pexxumis poboru PY,
B TOMY 4¥CIi | TPV MaHEBPYBaHHI IIOTY>KHICTIO, 3a6e311e-
YUTHU perJlaMeHTHI BUMOTH IJOf{0 TIOXMOKY BU3HAYEHH
HEMITPOHHOI IOTY>KHOCTI peaKTopa.

BrpoBaj keHHA aBTOMaTMYHOI KOpPeKIii CUTHaIiB
IK AKHII-I® nifBumutsb 6e3nexy excrayararnii BBEP
3a paXyHOK 3a0e3IedeHHs KOPeKTHOTO BI3HAUEHH I Hell-
TPOHHOI OTY>KHOCTI PEaKTOPa, a BiIIOBiTHO i MPOEKT-
HOTO (POpMyBaHHA CUTHAJIIB YIpaBIiHHA, 6I0KyBaHb

i saxucTiB, saki popmyrorbcss B AKHII nsa 3oBHinIHIX
cucreM, B romy umcrnii CY3.

Ha puc. 1 npencrasneno BigxuneHH:A 3HadyeHHs T1IP,
po3paxosanoro 3a curHasamy AKHII. ITomitHo, mo Bigxu-
JIeHH: 3MiHIO€ 3HAaK IePIOAIYHO (32 Yac MiXK TApyBaHHAMI).

Bu3HauyeHHA MOTYKHOCTI IlePHOTO peaKTopa
B CBPK 3a curnamamu JI113

TIIP 3a curnamamu [JI13 CBPK BusHauyaeTbcs
3a popMyIIoI0:

L M
NSPND = K'ZZCInm 'ha

n=1 m=1

)

ne K — xoediljieHT, 1110 BpaXOBYe CIIiBBiJHOLIEHHS 110-
TY>KHOCTI aKTMBHOI 30HU Ta B mpusmax 3 113, i axuit
BU3HAYAETHCA CHIBBiHOLIEHHAM CepefHbOI JIiHii-
HOI IOTY>KHOCTi B aKTUBHIJl 30Hi IO cepefHbOI MiHili-
Hoi moTy>HOocTi B (N - M) npusmax 3 [II13; L — Kinb-
KicTb KaHaliB HelTpoHHMUX BuMipooBaHb (KHB), mt.
(64 y BBEP-100/B320); M — xinbkicts 113 y KHB, mr.
(7 y BBEP-1000/B 320); h — Bucora npusmu 3 [II13, cm;
4 m — niHiviHe eHepProBU/Ii/IEHHS TEIUTOBUIIBHOI 30ipKI
(TB3) y micusax posramysanss [I113.

Qom = P Ly - meq )’ (2)

neY,, — sHauenns crpymy m-ro [I[13y n-my KHB; Y.\ —
3Ha4eHHA HoHOBOTO cTpyMy poHroBoi xumn (PXK) m-ro
[I13 8 n-my KHB; a,,,, — koediienT, AKnii 3a1eXnThb Bif
IapaMeTpiB AKTMBHOI 30HN B MicIli po3ramyBanHsa 113,

1,0 \
A + 2900
0,5 °
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Puc. 1. 3mina C3TII i Bigxunenns Big C3TTI snauennsa TTIP 3a curnamamu AKHII
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a caMe: 30aradeHHs i BUTOpaHHS Ma/lINBa, TeMIIEpaTypu
i THCKY TeI/IOHOCI S, KOHI|eHTpalil 6OPHOI KUCTIOTH B Te-
IJIOHOCII 1-TO KOHTYpY, BuropaHHus emirepy HII3.

Hait6inpmy nmoxmu6ky B BusHadenHi TTIP 3a curna-
namu 113 3yMOB/II0€ HEBU3HAYEHICTD KoedilieHTa a, ,
axkuit y CBPK pospaxoByeTbcsi OKpeMO /11 KOKHOTO
TUITY NajINBa.

Y CBPK BUKOPUCTOBYETBCS aITOPUTM PO3PAXYHKY
KoediieHTiB a, . N0OYOBaHUIT Ha CIIPOIIEHNX MOJEIAX
6inbi Hixk 30-pivHOI TaBHUHY, B IKUX HETIOBHOIO MipOIO
BPaXOBaHO BIUIMB TaKuX PakTopis, sk [10]:

CIeKTpa/NbHMIT (AKTOpP — BpaxXyBaHHA B CUTHAII
113 sMiHyM CIEKTPY HEMTPOHIB YHACTIJOK BUTOPAHHSA
Ia/IMBa, 3MiHM KOHI[eHTpalil 60pHOI KMC/IOTH B TEI/IO-
Hocii 1-ro KOHTypy, 3MiHM TeMIlepaTypu TEIIOHOCiA
B Micui posramrysanus JI13;

reoMeTpuyHuit pakrop — curnan 113 va 25-30 %
¢dopmyerbcs HeitTpoHaMy cyMixkHUX TB3; Tomy Koedi-
ieHTN a4 HeoOXiTHO PO3PaXOBYBAaTH He TibKM JI/IA
KO>KHOTO TUITY NTaJINBA, a i 171 peaJbHOTO 3aBaHTaXKeH-
HA NaTMBHOI KaMIIaHil, [/ BpaXyBaHHA BIUIMBY Ha CUT-
Han JIT13 HelTpoHiB, 3sTeHepoBaHMX Y cyMixkHux TB3;

dakrop Buropanus 113 — smeHmeHHs iMOBipHOCTI
TS €7IEKTPOHIB IONIETITH 3 EMITEPY IO KOEKTOPY [NETEKTO-
pa depes OiIbllie BUTOPaHHS 30BHILIHIX 11apiB emiTepa [IT13.

HomaTkoBuMu dakropamy, SIKi BINIMBAIOTh HA TOY-
nicth BusHayeHHs TIIP 3a curnanamu 113, €:

peanbHi posmipn 113 (B nepury uepry emirepa);

3a/IeXHicTb BUropaHus emitepa [II13 Bif cuexTpy
HeNTpoHiB i Bif Micus postamysaHHA 113 B akTuBHII
30Hi;

BpaxyBaHHsA BUropaHHus emirtepa [113 y monepennix
MaJMBHUX KaMIaHifAX;

BpaxyBaHHA peasibHOTO nonoxeHHs: [1113 mo Bucori
AKTUBHOI 30H;

HoXMOKM y BU3HAYEHHI TeMIepaTypy TeIIOHOCis
y Micui posramryBanss JJI13 i koHeHTpa1iii 60pHOI Kuc-
JIOTU y TEIJIOHOCII 1-r0 KOHTYpY.

IInaxu 3MeHIIeHH A MOXNOKU
BusHauyeHHsa C3TII

PosrisAaHeMoO LUTAXM SMEHIIEHH s IOXMOKY BU3HAYEH-
ns C3TTI. BaxxanBicTh MaKCMMaIbHO TOYHOT'O BU3HAYEHH S
TTIP i C3TII Bunmsae 3 TOro, [0 KEPyBaHHA HOTY>KHICTIO
peakTopa 37ilicHIOETbCs Ha ocHOBI curHaniB AKHII, ska
B CBOIO Yepry pery/sApHO TapyeTbcA 3a sHaueHHAM C3TIL

3uavenns C3TII — N inoxubka ii BusHa4eHHS
ON ... PO3PaxXOBYETBCS 3 ypaXyBaHHSM BaroBux Koedi-
LiEHTIB W, KOKHOTO i3 crioco6is Busnavenns TTIP N ; [11]:

ON, .. =

mean

’ ©)

ne M — KinbkicTb crioco6iB BusHaveHnHs C3TII; 6Ni —
noxu6ka susHadeHHA TIIP i-m cnoco6om.

Y pobori [11] mokasaHo, 110 3a MPUIYLIEHHs, 10
pesynbTaTu [BOX «BUMIPIOBaHb» X, i X, 3a/I0BO/IbHAOTD
posmopiny l'ayca, HaliKpallla OLIiHKa IX cepefHbO3BaXKe-
HOTO 3HaYeHHs BU3HAYAETHCA SK:

. W X + W, X,
xbest - ’ (5)
w + w,

Jie W, W, — Bara py BUSHa4Y€HHI X, TIEPIIOTO i ;pyroro
«BUMIipIOBaHb» BiITIOBiZIHO;
1

wi="=> 6
o’ ©)

e 0, — nox16Ka i-ro «BUMipIOBaHHSI».

Taxuit MeTon MOXXHA 3aCTOCOBYBATH IIPY BU3HAYCH-
Hi cepeHbO3Ba)KEHOT'0 3HAUYEHH 1 Y BUIIAZKY [JOBiTbHO-
O YMC/Ia «BUMIipIOBaHb» BETMYNMHI, a CaMe:

’ 7)

me M — KinbKiCTh «BUMipPIOBaHb», y HAIOMY BUITAIKY —
KiZIbKicTh crioco6iB BusHauenHs C3TIIL

[Toxubxa HaliKpamoi OL[iHKU CepegHbO3BaXKEHOTO
3Ha4eHHA M «BUMIipIOBaHb» BU3HA4Ya€ThCA AK:

1
2

M
bee.vr = Zwi ' (8)
i=1

Harikpama oninka C3TII BusHavaeTnCs 3 ypaxy-
BaHHSAM Baru KOXXHOTO 3i crmoco6iB BusHaueHHA TIIP,
a Bara BM3HA4Ya€TbhCA BifmoBigHo 1o (6).
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Amnais (8) 103B0sIsIE 3pOOUTY TaKi BAXK/IMBI BICHOBKIL:

3i 301/IbIIeHH AM cIIOC00iB BusHaveHHA TTIP moxu6-
ka BusHaueHHA C3TII smeHmyerbcs;

noxu6bka BusHadenus C3TII 3a M crocobamu He
6inplIna, HiXX MOXMOKa HaOIIBII TOYHOTO CIOCOOY
BusHaueHHns C3TII.

TakuM YMHOM, OBENEHO, 1110 /1 3MEHIIEHH I10-
xn6bky BusHaveHHA C3TII Heob6XimHO HaMaraTycs 3MeEH-
uryBary noxu6xy susHadeHHA TTIP koxxHMM 3i crioco6is,
a TaKO>X BBOOUTHU LOJATKOBI crtocoOu BusHayeHHs TTIP.

[omarkoBi MeTomu BusHayeHHus TIIP

PosrnsaHemo, sIKi HOOaTKOBI MeTOAM BU3HAYE€HHS
TIIP MmoxyTb 6yTH 3acTocoBani Ha BBEP-1000.

IIepmuM nepcHeKTUBHUM LOLATKOBUM METOROM
BusHadeHHA TTIP Moxe 6yTy 3aIpOIIOHOBAHO TaK 3Ba-
HMII pafiialliifiHNii METOfI, 1[0 IPYHTYETbCA Ha BUMIipIO-
BaHHi HaBe[eHOI aKTMBHOCTI TENIOHOCIA 1-TO KOHTY-
pa (12, 13].

Mosxxnusictb koHTponio TIIP Ha ocHOBI moka3sis
matunkis '*N yxxe mifrBeppxeHa Ha fitounx AEC [14-18].

Ipyrum pomaTkoBuM MeTonoM BusHadeHHsA TIIP
Mo>ke 6y Ty 3arpornoHoBaHo BusHadeHHs TTIP 3a moTyx-
HicTIo TB3, ocHameHNX TepMOKOHTpOIeM. BukopucTan-
H# TAaKOTO METOAY MO>K/IMBE Y pa3i BUpillleHH:A pobeMu
3 TaK 3BaHUM «IIeTbHNM» edekToM [19] i 3abe3meueHHst
HeoOXifHOT TOYHOCTI BU3HAUeHH S TEMIIepaTypy Ha BUXOA]
3 TB3, a TakoX BUKOPMCTOBYIOYY MOK/IMBICTh BI3HAYEH-
HS MIBUAKOCTI TEIIOHOCiAA B CUCTe€Mi BHYTPillTHbOPEaK-
TopHOI mrymosoi piarHoctuku (CBPIILI) [20] y pisanx
ceKTopax akTuBHOi 30HM BBEP-1000.

Hani posrnsnemo croci6 BusHavenss TIIP Ha oc-
HoBi curHanis @)X [I113 CBPK. Crpym [AI13 popmyernbcs
3 TaKMX OCHOBHMX CK/IaflOBUX:

3aIi3HIINMIT KOMIIOHEHT — (3-pO3Iaji aKTMBOBAHMX
Anep poxio [8, 10, 21], cranoBUTDb 92-95 % YCbOTO CUTHAITY;

MUTTEBUIT KOMIIOHEHT — edexT KommnToHa, moB’s-

3aHMII i3 BUIPOMIHIOBaHHAM XOPCTKMX (POTOHIB i yT-
BOPEHHAM €/IeKTPOHHUX map (~3-5 %);

MUTTEBUI KOMIIOHEHT BiJj peaKTOpHUX (OTOHIB
(~1,5 %);

3ami3Hiza GOTOHHA CK/Ia[j0Ba, 1110 BUIPOMIHIOETHCS
IPOAYKTaMU MOAiNy simepHoro mannsa (~1 %);

boHOBMIT CTPYM JiHiI 383Ky (~1+5 %).

HeliTpoHHa NMOTY>XHICTh peaKTOpa MpONOpLiliHa
LIi/IBHOCTI IOTOKY HEMTPOHIB B aKTUBHINl 30Hi peakTopa.
Tomy curnan [I113, axuit popmyeTbcs mif fji€ro HETPOH-
HOTO IIOTOKY, TaKox Itponopuiitamit TIIP. [l BupineHHs
curHany 113, Axuit nponopuitHNiI Ti/IbKY HEMTPOHHO-
My 110ToKY, y CBPK Ha amapatHOMYy piBHI BUKOHYETbHCA
posgninenns curnany [I13 i curnany, axuit popmyerbcs
B nmiHii 383Ky (P)K) mporo [IT13 — ¢onosumit crpym.

Crpym @)K mpomnopuiitHnit iHTEeHCUBHOCTI Y-BU-
IPOMiIHIOBaHHSA AKTMBHOI 30HU PeaKTOpa, sIKa B CBOIO
yepry Texx nponopuiitaa TIIP [22].

Busuauyenns TIIP na ocHoBi curnanis @K 113

Posrnanemo, ax smintoerbesa curnan O 113 yopo-
TOBX pisHMX ManuBHUX KammaHii BBEP-1000, a Takox f0-
CITiIVIMO MOXX/IMBICTD 3aCTOCYBAaHHA SIK JOlATKOBOTO CIIO-
co6y susnavenns TTIP na ocuosi curnanis Oy I3 (N,).

Ha puc. 2-4 npepcraBneno gaHi mopo 3miau C3TTI
YIPOZOBXX ITaJMBHMUX KaMnaHiit pisunx BBEP-1000, a Ta-
Ko 3HaueHHs ctpymy @)K JITI3 Ne 1-7 (N, -N_.), posra-
LIOBAHMX IO BUCOTi aKTUBHOI 30HU peakTopa [2, 8].

Ha puc. 4 noMiTHO HeaJleKBaTHE CIIiBBi[HOILIEHH
Mix crpymom OJK Ne 31 4. 3okpema, ctpym DK, aka mae
6171y JOBXVHY B aKTUBHIII 30HI peakTopa, Mae OyTu
6inpmyM. BifmoBinHo Ko BCiX JOCTYNHMX HaHMX LIOAO
cniBBifHOomenHA cTpymy pisHux O)K [I113 BBEP-1000
(muB. puc. 2, 3), crmocrepiraeTbcs aeKBaTHe CIiBBifHO-
IIeHHs, 32 BUHATKOM JAaHNX IpeACTaBIeHNX Ha puc. 4.
[TpuanHOIO MOXe Oy TI, HAIPUKIIaJ, TEXHIYHA IOMUIKA
mif gac 3aBefeHHA nux crpymis @K II13 y CBPK.

Tab6muusa 1. Bigxunenns snayenb TIIP, Busnavyenoi 3a curunamamu OXK II13 Ne 1

i 3a curnanamu Bcix [II13 Big sHavenns C3TII

27-Ma KaMIIaHisg 28-Ma KaMmaHig 10-Ta xkaMmaHisa
Haspa mapameTtpa
DX OT13 DK OT113 0);14 IT113
MinimManpHe 3HaUYeHHA -0,79 -2,65 -1,24 -2,73 -2,38 -1,22
MakcumManbHe 3Ha4eHH 0,74 -1,27 1,37 -1,02 1,93 1,05
CepenHe 3HaUeHH 0,00 -2,10 0,00 -1,77 0,01 -0,03
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Puc. 2. 3mina C3TII (N) i cymapnoro crpymy ®XK [I13 Ne 1-7, po3TanioBaHuX Ha pi3HUX PiBHSAX,
nip yac 27-1 manuBHOI KamitaHii BBEP-1000

A i— AN
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500 | g
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Puc. 3. 3mina C3TII (N) i cymaproro crpymy @)K 113 Ne 1-7, po3TalioBaHuX Ha pi3HUX PiBHAX,
min gac 28-i manuBHOi Kamitanii BBEP-1000

AHari3 OTpMMaHNX IaHUX A€ 3MOTY 3pOOUTY BUC-  BU3HAa4eHOI 3a cymapHuM ctpymoM OXK IITI3 Ne 1 NF1,
HOBOK IIPO MOX/NBicTh Bukopuctanus curnany NF1, ig C3TII, BusHa4eHOI CTaHAPTHUM CIIOCOOOM.
NEF2 pns susnadenns TIIP 3a cranioHapHux i mepexip- Y Tabs. 2 HaBefleHO 3HAUYEHHS YaCTKM CyMapHOTO
HUX pexxumisB po6otr BBEP-1000. crpymy OXK [II13 Ne 2-7 mopiBHAHO 3 CyMapHUM CTPY-
VY 1abn. 1 HaBegeHo maui mwono Bigxmumenns TIIP, mom OXK JJII3 Ne 1.
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Tabnuusa 2. Yactku cymaproro crpymy O3 [III3 Ne 2-7 nopiBH:AHO 3 cymapauM crpymoM O [ITI3 Ne 1

OXX 1113, Ne
Kammnanis
2 3 4 5 6 7
27-Ma 0,85 0,68 0,52 0,34 0,19 0,06
28-Ma 0,84 0,72 0,47 0,28 0,19 0,05
10-Ta 0,83 0,44 0,52 0,35 0,19 0,05
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Puc. 4. 3mina C3TII (N) i cymapnoro crpymy @)K [II13 Ne 1-7, po3TalioBaHuX Ha pi3HMX PiBHAX,
mig yac 10-1 masmmBHOI kamnaHii BBEP-1000

BucHoBkmu

AHajisyo4dn JaHi IeKiTbKOX MMaJMBHUX KaMIIaHil
Ha pisaux BBEP-1000 mopo curnanis AKHIIL, JI13 iix
D)X MoxcHa 3poOUTH TaKi BUCHOBKM:

YnposamxeHH: aBToMaTnyHoi Kopekuii IK AKHII-
I® nna KOpeKTHOro BU3Ha4YE€HHA HEMTPOHHOI IMOTYX-
HOCTi peakTopa 3a0e3le4nTb IpoeKTHe GOpMyBaHHA
CUTHAJIIB yIpaBIiHHA, 6JIOKYBaHb i 3aXMCTiB [/ 30B-
HINIHIX CUCTEM.

Crpym ©XK [I13 € agexBaTHUM iHUKATOPOM 3Mi-
Hu TIIP. MakcumanbpHe Bigxunenss TIIP, po3paxosa-
Hoi 3a curHanamu ©)K IT13 Ne 1, 2, Big sHauenHss C3TTI
YIPOJOBX Ma/MBHOI KaMIIaHil He mepeBuinye 2,51 5,0 %
BiJIIOBi[{HO, 1110 € Ha piBHI MOXMOOK Br3HayeHHs TTIP
CTaHZAPTHUMIU CIIOCOOAMMUL.

3acrocyBaHHA nepiogyHux Tapysanb T1IP, BusHa-
yeHoi 3a curHamamu OJK, ananorivHo MeTopuIi Tapy-
BaHHA AKHII, 103BONTD CYTTEBO 3MEHIINTH MOXMOKN
BusHaueHHa TIIP s3a curnamamu O JJI13 Ne 1, 2.

Amnanis crpymiB OXK [IT13 moxe 6yTH fOZaTKOBUM
3aco6oM piarHoctuky crany JI13 — Bu3HauUeHHS «Ile-
pertyTaHb» NiHil 383Ky y camomy KHB (nuB. puc. 4).

MoxHa pexoMmeHnayBaTu cnpoctutu cxemy KHB
i BigmoBuTHCA Bif niHii 383Ky OXK [ITI3 Ne 3-7. He-
o6xigHi 3HavenHs crpymiB OXK mns OI13 Ne 3-7 pos-
paxoBysaTu B CBPK Ha ocroBi curnamis @K [JII3 Ne 1,
2, sk 1e O6y/I0 peasi3oBaHO Ha MEPIINX KOHCTPYKI[isAX
KHB [2].

Crpym ©XK JT13 moxe 6yTV BUKOPUCTAHO B CHCTe-
Max GOpMYBaHHs CUTHaNIB A3, TOOyZOBaHUX Ha a/lb-
TepHATUBHUX Pi3MYHNX TapaMeTpax.
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10.

Cnicox BUKOPICTAHOI TiTepaTypu

Coxoros [I. A. TToBbimenue momuoctu BBAP-1000 /
. A. Cokonos, B. B. Kum, B. 1. Kysuenos // Tpynbl
Onecckoro NOMUTEXHUYECKOTO YHMUBepcureTa. —
2007. — Boim. 2 (28). — C. 60-64.

bparun B. A., CucteMbl BHYTPMPEaKTOPHOTO KOH-
Tponss ADC ¢ BBOP / B. A. bparun, V. B. batenus,
M. H. T'onosanos u ip. — M. : DHeproaroMmsjar,
1987. — 128 c.

Bopoo6nesa [I. B. Pacuer momuoctu PY mo mapame-
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KonTtpons notysxHocti BBEP-1000 Ha 0cHOBI cUTHaiB

B. 1. Bopucenko', [I. B. bygux?, B. B. Topanuyk'

"Uncmumym npobnem 6esonachocmu ASC HAH YipaunoL,
yn. Jloicozopcekas, 12, Kues, 03028, Ykpauna

2CesepodoHelyKoe HAY4HO-NPOU3E00CBeHHOe 00BeduHeH e
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Kontpons momuaocti BBAP-1000 Ha ocHOBe
CUTHA/IOB HCﬁITPOHHI)IX JE€TEKTOPOB

3HauyeHMe TeIIoBOIl MOIIHOCTK peakTopa (TMP)
VICIIONIb3YeTCs B CHCTeMax KOHTpoys BBOP-1000 B 601b-
HIVHCTBE aITOPUTMOB (POPMIUPOBAHNS CUTHAJIOB YIIPaB-
JIeHus1, 6JIOKMPOBOK U 3alIUT, @ TAKKe I10 9TOMY IapaMe-
TPY OIPENENAITCA TEXHUKO-9KOHOMMYECKYE TOKAa3aTe/IN
snepro6moka. [Imanst o nossiuterno TMP BBIP-1000 no
101,5 % HOMMHAIbBHOI, a B IepcnekTuse u fo 104-107 %
HOMIHA/IBHOIA, TPe6YIOT JOIIONTHUTETbHBIX MCCTIeOBAHNII
1 060CHOBaHMII IO BOIIPOCY TOYHOCTH ornpefenerna TMP.
B cTaTbe paccMOTpeHBI CIOCOObI MOBBIILIEHN S TOYHOCTH
omnpenenennsa TMP Ha ocHOBe CMT'HA/IOB cHCTEM KOHTPOJLA
IapaMeTpoB HelITpOHHOro noroka BBOP-1000. Paccmo-
TPEHBI OCHOBHBIE (PaKTOPBI, BINAIONIYE Ha IOTPEUTHOCTI
omnpenenennsa TMP 1o mapaMeTpaM HEJITPOHHOTO OTOKA
B CMICTEMAX: allllapaTypa KOHTPOLA HEMTPOHHOTO ITOTOKA
(AKHII); cuctema By TpupeakTopHoro KoHTpos (CBPK).
Jna noseimenns TouHocty onpegenenns TMP s AKHII
MIpeAIo’KeHa MOJENb aBTOMAaTUYECKOV KOPPEKLIMM CUT-
HaJjla MOHM3aLIIOHHOM KaMePbl B 3aBUCYMOCTH OT M3Me-
HEHsI TEMIIEPATyPbl U KOHLIEHTpauuu 60pHOI KUCTOTHI
B TEIVIOHOCUTEIE, OJIOXKEHNA OPTaHOB PETYyINPOBAHNA
cuctemsl ynpasneHus u samutsl (OP CY3), Beiropanus
TOIUIVBA U Jp. BHeApeHMe Mofenu KOppeKLMM CUTHAJIOB
noHusanoHHbIX Kamep AKHII mosBonuT s mmpoKoro
CIIEKTpa IIePeXOTHBIX peXXIMOB paboTsl BBOP-1000, B ToM
YJICTIe M IIPY MaHEBPUPOBAHUY MOIHOCTBIO, 00eCIIeYnTh
peraMeHTHbIe TPeOOBaH 0 MIOTPEIIHOCTY OIIpefieie-
HMA HEITPOHHON MOIIHOCTM peakTopa. Ilpemnoxensr
BO3MOXXHbBIE [IOIIOJIHUTENbHbIE METOLbI ONpeNeTeHNA
TMP, koTOpBIe MOTYT OBITD MCIIO/Ib30BAHBI IIPK OIpefiere-
HIM Cpe[IHEB3BELIEHHOI TEMJIOBOJ MOLTHOCTY PEaKTOopa.
Tak, HapuMep, aHa/IN3 N3MEHEHN I CUTHA/IOB (POHOBBIX
KU BeTeKTOPOB IpsiMoro 3apsizia ([JI13), Ha mpoTsikeHun
HECKO/JIbKNX TOIUIMBHBIX KaMItaHnii BBOP-1000, moka-
3bIBaeT NIPMHIVINAIBHYIO BOSMOKHOCTD MCIIONIb30BATh
curHan GpoHOBbIX X1 s onpenenenuss TMP, napsany
¢ curHaslamu camux HII3. IIpencTaBieHnbl pe3ynbTaThl
aHaJM3a M3MEHEHN s IOTPEIIHOCTY ONPeNeNeHNA Cpefi-

HEB3BEIICHHOII TEIIOBOJ MOIJHOCTM PEAaKTOpa B CIydae
IpUMEHEHN JOIIOTHUTENTBHOTO CII0Co6a ONpeieIeH A
TMP Ha ocHOBe curHanos ¢GoHoBbIX >kt [I113.

Kniouesvte cnosa: Temnopast MOLTHOCTb PEAKTOPA,
[apaMeTpbl HEIITPOHHOTO IIOTOKA, IETEKTOP IIPSIMOTO
3apspa, GOHOBAS KNI, MOfIe/Ib KOPPEKILINH, BECOBbIE
K09 PUIIMEHTBL

V. I. Borysenko', D. V. Budik?, V. V. Goranchuk'

'Institute for Safety Problems of NPP, NAS of Ukraine,

12, Lysogirska st., Kyiv, 03028, Ukraine

2Severodonetsk Research and Production Association
“Impulse”, 2, Peremohy av., Severodonetsk, 09405, Ukraine

VVER-1000 Power Monitoring Based on Neutron
Detector Signals

The value of the thermal power of the reactor (TPR) is
used in the VVER-1000 control systems in most algorithms
for generating control signals, interlocks and protections,
and the technical and economic indicators of the power unit
are determined by TPR. Plans to increase VVER-1000 TPR
to 101.5 % of the nominal, and in the future to 104-107 %
of the nominal, require additional research and justification
on the accuracy of the determination of TPR. Ways to im-
prove the accuracy of determining TPR based on the signals
of VVER-1000 neutron flux monitoring systems were dis-
cussed in the article. The main factors affecting the errors in
the determination of TPR by the parameters of the neutron
flux in the systems are considered: neutron flux monitoring
system (NFMYS); in-core monitoring system (ICMS). To in-
crease the accuracy of TPR determination in NFMS, a mod-
el of automatic correction of the ionization chamber signal
is proposed depending on changes in temperature and boric
acid concentration in the coolant, the position of the con-
trol rods, fuel burnup, etc. The implementation of a model
for correcting the signals of NFMS ionization chambers
will allow for a wide range of transient operating modes of
VVER-1000, including during power maneuvering, to pro-
vide regulatory requirements for the error in determining
the neutron power of a reactor. Possible additional methods
for the determination of TPR, which can be used to deter-
mine the weighted average thermal power of the reactor, are
proposed. For example, the analysis of changes in the sig-
nals of the background conductors of self-powered neutron
detectors (SPND), over several VVER-1000 fuel campaigns,
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shows the fundamental possibility of using the signal of
background conductors to determine TPR, along with the
signals of the SPND itself. The results of the analysis of the
change in the error in determining the weighted average
thermal power of the reactor in the case of applying an ad-
ditional method for determining TPR based on the signals
of the background conductors of the SPND are presented.

Keywords: reactor thermal power, neutron flux parameters,
self-powered neutron detectors, background conductors,
correction model, weight coefficients.
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Crparerumu ynpasieHNs aBapusAMM IIPY MOTHON INTETIbHOMN
moTepe IMeKTPOCHAOKEHN A HA AIePHBIX JHEPTOYCTAHOBKAX

Kniouesvie cnosa:
yIIpaBJIeHIe aBaPIsMI,
MIO/THAsI HOTEPSL [TUTETHHOTO
9NEKTPOCHAOKEHMS,
silepPHbIe SHEPTOYCTAHOBKIL.

OpnHot 13 OCHOBHBIX IPMYVH TSKETIbIX aBApMIL ¥ pa3pyLINTENbHBIX B3pbIBOB Ha ADC
dyxycnma-larinan 6bUIM TeXHIUYECKNE HeJOCTATKM AIePHBIX S3HEPIrOYCTaHOBOK U He-
[OCTaTOYHAs ITOATOTOB/JIEHHOCTb OIIEPATMBHOIO II€PCOHANA IO YIIPABJAEHUIO aBa-
pUSIMIL C IIOJTHOJ J/INTE/IBHOI HOTEPell 9MeKTPOCHAOXeHs. AHA/MN3 [efCTBYIOLINX
U pa3pabaThIBaeMbIX PYKOBOJCTB/MHCTPYKUMII IO yIIPABAEHUIO TSDKETIbIMU aBapu-
AMM HAa PEaKTOPHBIX YCTAHOBKAaX IIOKa3aj, YTO NPUHATbIE CTpAaTeruyu yIpaBAeHUS
aBapMsIMIU C IIOJIHOM [AIUTE/IBHOI IOTEPel! 9/IeKTPOCHAOKEHN ST Ha sIIEPHBIX 9HEPTOy-
CTAHOBKaX C BOJO-BOMSIHBIMIL SHEPTeTUYECKVIMI PEaKTOPAMU HETOCTATOYHO 0O0CHO-
BaHbI 1 3 PexTuBHbL. B pabore mpepmaraeTcsi KOMIUIEKCHAsI CTPATETHs yIIPABIEHNS
aBapMsIMIU C IIOJIHOM [I/IUTE/IBHOI IIOTepelt a/eKTpocHabKeHusA. CTpaTerus 0OCHOBaHA
Ha KOMIIJIEKCHOM MO x0fie obecredeHnst PyHKLMIT 6€30MacHOCTH IO OTBOLY OCTATOY-
HBIX TEIUIOBBIAE/IEHNIT OT PEAKTOPa I MOAAEPKAaHN S HEOOXOAMMOTO YPOBHSI KOTIOBOIL
BOZIBI B IaporeHeparope. Peanmsanusa cTpaTerny OCyIIECTBAAETCA NPU JaBIE€HUAX
B maporenepartope 6omee 0,3 MIla ajprepHaTVBHBIMM aBAPUITHBIMY HUTATETBHBIMU
HacocaM C IIAPOIPUBOJOM OT IIaPOTE€HEPATOPOB; a IPU MEHbIINX JaBIECHUAX CUCTE-
MaMU IIaCCMBHOIO OTBOJIA TEI/Ia HAa IPUHIIUIIAX €CTECTBEHHON LIV PKY/IAL M.

AKTyaIbHOCTD

[TosTomy B OCTHYKYCUMCKUIL IIEPUOJ, B MUPOBOIX
ABEPHON SHEPTEeTUKE aKTYa/lbHbIM BOIIPOCOM SAB/IAETCA

OpHoll 13 OCHOBHBIX IPUYMH TSIXKE/IbIX aBapuil
C IOBpeX/jeHeM ANEePHOrO TOIINBA U Pa3pyLINTeNIb-
HBIX IIapOorasoBbIX B3ppIBOB Ha ADC Dykycuma-Jlaiinun
B 2011 r. cTaj1a MO/THAS /IUTE/NbHAS OTEPSI 9MeKTPOCHA0-
>xenus (TTITID) BcmencTBUE COBMECTHOIO BO3ENCTBUA
3aIpOEKTHBIX 3eMeTpsiceHus u uyHamu ([1-3] u np.).
ITJTIS mpuBena K OTKa3y aKTMBHBIX CUCTeM 6esomac-
HOCTM C 9JIEKTPOHACOCAMU 1 HEBBIIOTHEHNIO QYHKIIUN
6€30I1aCHOCTY 110 OTBOALY OCTQTOYHBIX TEIIIOBbIJIe/IEHIIA
speproro Torusa (OB OT). [TaccuBHble cucTeMbl 6€3-
OIIAaCHOCTMU U JOIOJIHUTE/IbHbIE [IeMICTBUS IIepCOHAIA
B IIpOIlecce aBapyuM TAaK)Xe He CMOIIM 00eCIIeYnTh BbI-
nonHenre @b OT u npefoTBpaTUTD TsKelble aBapUM
U B3PbIBBL

paspaborka 3¢(PeKTUBHBIX CTpaTeruil yIpapIeHs aBa-
pusamu ¢ IIJIIID Ha spepHbIX 9HeproycTaHoBKax (S19Y).

OcnoBuble ypoky PyKyCcMMCKOI aBapuy B OTHOILIE-
Hum aBapuii ¢ ITATI9:

HeoOXOAMMOCTD Pa3paboTKM MPOTUBOABAPUITHBIX
MEpOIPUATUIL I/IsI MaJOBEPOSATHBIX aBapuil (B T.4.
u ¢ ITOIID);

IIACCUBHBIE CUCTEMBI 0€30IIaCHOCTY OJIKHBI 06e-
CIIeYMBaTh JOCTATOYHO JJINTETbHOE BBIIIOTHEHME QYHK-
nuit 6e3omacHocTy (He MeHee 72 4);

[ACCUBHBIE CUCTEMBI 0€30IIaCHOCTY SO/IXKHBI COOT-
BETCTBOBATh TPEOOBAHMAM IO CEICMOCTOMKOCTH [5, 6]
Y IPYTUM BHELIHUM 9KCTPEMaIbHBIM COOBITUAM, Kak
1 OCHOBHOe obopynoBanue S19Y.

© B. I. Ckanosy6os, B. 10. I'pu6, A. B. Kopones,
T. B. Tabnas, B. 0. Kounesa, 2019
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CrpaTernu ynpapieHIA aBapyuAMI

Ha ocHOBe nepcrieKTUBHBIX pa3pabOTOK B HaIIpaBJIe-
HUV Pa3BUTISI TACCUBHBIX cucTeM O6e3omacHocTH ([4, 7-13]
1 [Ip.) B HAaCTOsAIIee BpeMs pacCMaTPUBAIOTCSA /IBE OCHOB-
Hble cTpaTeruy ynpasnennsa aBapussmu ¢ [11119 wa A9Y
C BOJIO-BOJAHBIMM SHepreTndeckumiu peakropamu (BBOP):

1. Crparerun ynpasjeHNs aBapUAMI IACCUBHBIMUI
CHCTeMaMU OTBOJIA TeIlIa yepe3 maporeHeparop (CIIOT
I1T'), ocHOBaHHBIMM Ha IPOLIECCAX €CTECTBEHHON LIUPKY-
nsauyu (CY1) — puc. 1.

2. Crparernn ynpasjeHNns aBapusAMI aBapUITHBIMU
MUTATeTbHBIMY HacocaMu ¢ nmaponpusopoM (AITHIIIT)
napa, obpasyrolerocs B maporeneparope (CY2) — puc. 2.

ITepcnexTuBHOCTH CY1 OCHOBaHA Ha YCIEITHOM OIIbI-
Te pa3pabOTKM U IPUMEHEHM I CUCTEM ITaCCHBHOTO OTBO-
fa teria oT repMoobvema Y (nanpumep, (7-11] u gp.).
[Tpu aBapmsax ¢ IIATIS cuctemMbl TaCCMBHOTO OTBOJA TEII-
na ot repmoobbema (I'O) obecneunsaroT PpyHKIMIO 6€30-
IIACHOCTY IT0 HEIIPEBBIIICHIO IaB/IeHN S U TEMIIEPATyPbl
B I'O 6ornee gonyctumbIx npepenos. OfHaKo IpUMeHeHue
CIIOT T pgnsa obecrievennst ®b OT u moppep>kanms He-
06XOIVMOTO YPOBHs UTATe/IbHOI BOABI B IIapOreHepa-
tope (OB IIT') TpebyeT HOMOMTHUTETBHBIX 0O0CHOBAHMIL.

CY2 moxeT 6bITh OCHOBaHa Ha M3BECTHBIX paspa-
6oTkax mpodeccopa A. B. Koponesa. Tak, B pabote [13]
I obecrede s IPUHINIIA aJeKBaTHOCTY MTACCUBHBIX
crcTeM 6€30IIaCHOCTH U IIPOEKTHBIX aKTUBHBIX CUCTEM
6esomacHocTy mpu aBapusax ¢ [IJITI9 npenaraercs npu-
meHeHue ATTHIIIL. O6pasyroiniicsi B mpolecce aBapun
nap B o6beme I1I mocTymaer Ha TypOMHY aponpuso-
ma u obecneynBaet pab6ory AITHIIII. OTpaboTaHHBI
U CKOHJIEHCHPOBABIINIICA ITap MOCTyIaeT b0 B feas-
paTop, 1160 B IMIPOEMKOCTH 3aI1aca BOAbI IPOEKTHOTO
aBapUITHOTO MUTATEe/IbHOTO 37eKTpoHacoca AIIOH.

Ocnosnble npenmymectsa AITHIIII no orHomIe-
Huio K CIIOT III" npu ynpasnennn c IIJIID onpenens-
I0TCA CIeAYIOMIVIMY TIO/TOKEHN AMUL:

a) IPMHINIINA/IbHA S BO3MOXHOCTD IIOJTHO KOMIIEH-
canum otkasa AII9H mia obecieuenna ©b OT u OB I1T;

6) OTCyTCTBME HEOOXOAMMOCTM PaCHOIOXKEHUA
37IEMEHTOB CUCTeM 6e30IacHOCTY Ha OOJIBIION BBICOTE
3a mpefenaMy 3alUTHOM 000m049Ky S1DY.

Onnaxo npumenenne CY2 Takxe TpebyeT JOIOTHN-
Te/IbHBIX 000CHOBAHNII HAIE>KHOCTH U YCTIOBUIL paboTO-
crioco6nocty AITHIIIL

Takum o6pa3oM, yKasaHHBIE BbIIIE ITOTOXKEHUS
OIIpefieNIAI0T aKTya/IbHOCTD U Ie/Ib IIpefylaraeMoll CTa-
THU — aHa/MN3 060CHOBAHHOCTY M3BECTHBIX CTPATETMIl
ynpasneHus aBapusmu c IIJITI9 Ha S9Y u pazpabot-
Ka 0011elt cTpaTerny ynpasaeHus aBapusmu c ITJII9
Ha SJ9V.

Puc. 1. Tunosas cxema CIIOT IIT' BBOP:
1 — peakrop; 2 — III'; 3 — rIaBHBI UUPKYIALVIOHHBI
Hacoc; 4 — typbonutarenssit Hacoc (TTIH); 5 —
feaspaTop; 6 — BCIIOMOTATE/IbHbBIN NNUTATETbHbIN
37IEKTPOHACOC; 7 — aBapUITHbIN MU TATE/TbHBIN
amekTponacoc (AII9H); 8 — 6ak 3amaca Bogsr AIIOH; 9 —
OBICTPOIEIICTBYIOLINIT 3aIIOpHO-0TCeuHolt KnanaH (B30K);
10 — samopHast apMatypa; 11 — 3amurHas 060m04uKa; 12 —
koupgeHcatopsl CITOT I1T; 13 — 6ax 3amaca BOgbl
(mpu BopstHOM OXnMakaeHun Kougencaropos CIIOT IIT)

Puc. 2. IlpyHnunmuanbHas cxema MOAK/ITIOYEH A
ATTHITIT IIT mpu aBapmsax ¢ ILATIS:
1 — IIT; 2 — B3OK; 3 — 3anopHbIe KIalnaHbL
4 — AIISH; 5 — ruppoemkocTu 3amnaca Bops! AII9H;
6 — AITHIIIL; 7 — geasparop; 8 — TypbuHa IV

OcHOBHbIE NONOKEHNA CTPATErni yIpaBIeHNA
aBapuamu ¢ IITII9

Amnanuns crparernn ynpasaenns apapusamu ¢ [IJI19
Ha ocHoBe CIIOT III" (CY1). Ina peakTopos Tuma BBOP
opnoit n3 nepcnektuBHbIX CIIOT sABnserca cucre-
Ma OTBOJja Telljia 4epes 2-1I KOHTYp IaporeHeparopa
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B. 1. Ckano3sy6os, B. 10. I'pu6, A. B. Kopones u ap.

(CIIOT III'). OcuoBuoe HasHayenune CIIOT I — obe-
cnederue Ob I1II' B mponecce aBapmii ¢ IIJ1119 u oTBOAa
tera ot peakropa (OB OT).

AHanu3 ycTaHOB/IEHHBIX (HanpuMep, B Knrae) n mpo-
extupyembix CIIOT III' mosBossieT cpenaTh mpefBapu-
TeJIbHbIE BHIBOJBL:

1. CIIOT IIT' ¢axkTuvIecku ABIAOTCA BCIOMOTA-
Te/IbHBIMM J/151 aKTUBHBIX CUCTEM 6e30I1acCHOCTH 0becTie-
yenuA spinonHenna Ob OT, gns aBapuit ¢ YacTUYHON
WIU KPaTKOBPEMEeHHOII ToTepeli 97eKTPOCHAOKEHU .

O6ecneuenue Buinonuenns OB IIT Tak>ke HEJOCTaTOY-
HO 060cHOBaHO. CHIDKeHMe ypoBHs Boibl B I1I' MoxeT pu-
BECTH K IOBPEX/EHMIO TernoobMeHHbIX Tpy6 I1T' 1 k 3a-
IIPOEKTHBIM aBAPVIAAM C MEKKOHTYPHBIMU T€4aAMIL.

2. JIna obecriedeHnss HEOOXOMMMOI eCTECTBEHHOI
OUPKYyIAUUN Termnoob6MeHHass moBepxHocTh CIIOT
I1I' c BO3AYUIHBIM /I BOAAHBIM OX/IaXK/I€HEM JIO/IKHBI
YCTaHaBIMBATbCA 3a Npefie/laMy 3alUTHOI 000TOYKY
Ha 0071b110T BBICOTe. TaKoJl MOgXO0y OnpeenseT 3HaYu-
tenbHoe cHikeHne HagexxHocty CIIOT IITN n 3ammTHOM
000/I04KY K BHEIIHNM 9KCTPEMa/IbHbIM BO3Je/CTBUAM
OTHOCHTE/IbHO OCHOBHOTO 06opysioBanus J9Y.

Takum 06pa3soM, HeJOCTATOUHO ObecIiedeH MpUH-
IIVIII COOTBETCTBYA IACCUBHBIX U aKTUBHBIX CUCTEM 6e3-
omacHocTy nipy aBapuax ¢ ITIJIID n MHOXXeCTBEHHBIMMU
OTKa3aMI KaK OTHOTO 113 OCHOBHBIX YPOKOB DyKycum-
CKOJT aBapum.

B xBasucTanyoHapHOM IpUOMVKEHNY yPaBHEHUSA
termoruapasauky CIIOT III' MoXHO mpemcTaBUTD
B CTIEAYIOIEM BUeE:

G(i"~i')+C,-G-AT, = aFAT,,G-(i"~i') = N(1), (1)

(Pr—pyv)-gH = §—°+% .G, 2
pudy P
rae G — pacxop B CIIOT I i", i” — cOOTBETCTBEHHO 9H-

TA/IBIINA Napa ¥ KOH/IEHCaTa B HACHIIIEHHOM COCTOSHUY;
Cp — yZeNnbHas TEMIOEMKOCTD KoHfeHcara; DT — pas-
HOCTb TemIieparyp HacbiuieHHOro (T) u oX/maXk/IeHHOTO
(T,) xonpencara; DT, — cpefiHsAs Pa3HOCTb TeMIIepaTyp
MEX]y OMPKYIUPYOMNM IIOTOKOM U BHELTHell Cpefoit
(T,); & — KoapPuumeHT Temnonepeaun MeX/y IMPKy-
JVPYIOIIMM IIOTOKOM ¥ BHELIHEN cpenoii; F — momanb
TermoobmenHoit mosepxuoctu CIIOT IIT; r, r, — mmoT-
HOCTbB KMJKOCTY 1 IIAPa COOTBETCTBEHHO; § — YCKOpEHNe
cubl Tskect; H — Boicota CITOT IITG X, X, — COOT-
BETCTBEHHO CyMMApHBIil KO3 PUIMEHT IUIPaBINIECKO-
TO COIIPOTUB/IEHMS HA IAPOBOM M KMJKOCTHOM y4acT-
Kax; A , A, — CpelHss IIOWA/b IPOXOJHOTO CEYEHM S

CIIOT III' Ha mapoBOM M KMAKOCTHOM y4acTkax; N (f) —
MOIIHOCTb OCTaTOYHBIX TEI/IOBBI/IEIEHNIT AKTUBHOM 30HBI
peaxkTopa;  — BpeMs aBapUITHOTO Mpolecca.

Torpa ycmoBust obecriedeHns MpUHIUIIA COOTBET-
creus CIIOT IIT n AII9H cnepytor n3 popmy (1), (2):

l.”—l"'}'cp A]’; ' N(t)

F>F_= , 3)
a-AT,  i'—i
&.\U &l
£ o d N
H ZI—Imin = p“ - pl —- " N2 T (4)
(b, =p,)g ("=

MuHMMAaIPHO HOIYCTUMbIE 3HAUYEHNs IJIOIIATN
IPOXOJHOTO CEYEeHMsI KOHJEHCUPYIOUerocs IOTOKa
B KOHTYPaX €CTeCTBEHHOI UMPKY/ISLUI MOTYT OBITH
OL|eHEeHbI U3 YCTIOBUII OTCYTCTBUS KOH/IEHCAIIVIOHHBIX
TUApOyHapos [12]:

1
F=—20 [4‘4)4 <1. 5)

Cpedfg L m

Bo3HUKHOBEHME KOHIEHCAI[MIOHHBIX TUIPOYAAPOB
HapyLaT yCIOBUA YCTONYMBO UUPKYIALNUN B KOH-
type CIIOT III.

Torpma u3 ycmosus (5) HUKHAA TpaHNUIA IJIOMANN
npoxopHoro ceverus CIIOT I1I:

6)

BepxHss rpaHKIa IIOUIafAY MPOXOJHOTO CEUEeHU I
(A,) MoxeT OBITH ONpefie/ieHa M3 YCIOBUSA HEeMpeBbIIIe-
HUS IPU CeICMUYEeCKUX BO3IEMCTBUAX HAIIPSKEHMIT (O)
B MeTasute KoHcTpykuyy CIIOT IIT maccoit M (A) mpe-
JIENIBHO JIOTYCTUMBIM HanpsykeHueM O, (5, 6]:

G[M(AB )’ Hy, ac] < Omax» (7)

rae H) — makcumanbHas Bpicota KOHCTpyKiuu CIIOT
IIT' Hajt TOBEPXHOCTDIO TPYHTA; d_— OTK/IMK YCKOPEHM S
3eM/IeTPsACEeHM A Ha IIOBEPXHOCTY I'PYHTA IIPOMIITIOIIA KA.

3 ypaBHeHnsA (3) crmefyeT, YTO IPU BO3AYIIHOM
TeIIoCheMe JI/IA MPAMOTOYHOI ITIaJiKOil TPyOHOII Te-
nnoo6mennon nosepxuoctu CIIOT III, temmepary-
pe koHpgeHncata He 6omee 320 K nmpu N (t) 6onee 50 %
OT HOMUMHA/IbHO! MOIHOCT! PeaKTOpa MMHMMA/IbHAA
maomanb temmoobmenHoit mosepxuoctu CIIOT IIT
Fpio 23,5:107m2%,

[Tpo6nema HEOOXOAMMOCTI peann3aruu OOJbIION
mromany tenmooomena CITOT IIT' moskeT ObITh pelieHa
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CrpaTernu ynpapieHIA aBapyuAMI

3a CYeT MEepPOIPUATUI ITO MOBBIIIEHNIO MHTEHCUBHOCTI
BHEIIIHETO TerIo00MeHa (HaIpuMep, BHeIlIHee OpeOpeHie
TEI/IOOOMEHHOI IOBEPXHOCTY) M YCTAHOBKY KOMIIAKT-
HBIX MOJIY/IbHBIX TeITIO0OMEeHHMKOB (cM. puc. 1). OnHako
IIPU YCTAHOBKE CUCTEMBI MOAY/IbHBIX TEIVIOOOMEHHIKOB
CYIeCTBEHHO BO3PACTAET I PaBIIYeCKOe COIIPOTIBIIe-
Hue KoHTypa nupky/asngun CIIOT IIT. B coorBeTrcTBMNM
C ycroBueM (4) 9T0 IPUBOAUT K HEOOXO[MMOCTH YBeIN-
yennsa o6ueit Bbicotsl CITIOT TIT' Ha HECKOIBKO COTEH
METPOB HaJ| IOBEPXHOCTBIO 3aIUTHOI 0060104ky SIIY.
Taxas Boicota CIIOT III' TexHONMOTMYECKN TPYLHOBDI-
MIOTHMMA M OIpefieniseT 3HAYNTe/IbHOe CHIDKEHNe YCIIo-
BUII CEIICMOCTOMKOCTY U 00110 YPOBHS 6€30MacHOCTI
K BHEIITHVM 9KCTPeMaIbHBIM BO3/IE/ICTBIAM.

AHanu3 crpaTrermm yHpaBlIeHUA aBapUAMH
cIIIIIID na ocuoBe AITHIIII (CY2). MHoroneTHmit
OIIBIT 9KCIUTyaTallMy TEIJIOTeXHUIECKOr0 000PyTOBaHN
TEIUIOBBIX U A/IEPHBIX 9HEPTOYCTAHOBOK IIOKA3aJI, YTO
HalMeHee HaJle)XHBIMU 3JIeMeHTaMMU SIBJISIETCS HACOCHO®
obopynosanue [14]. Ananorom AITHIIIT Mmo>xeT O6bITB OC-
HoBHOI TTITH, pab0oToCIoco6HOCTD KOTOPOro obecredn-
BAeTCsI HEIOCPEICTBEHHO 0TOOpaMI Iapa OT TypOoycTa-
HOBKI. AHa/lN3 TeXHNYECKNX XapaKTePUCTHK U OIIbITA
akcmtyarauyuy TITH nossomseT npeanonoXuTs 1nHe-
HYIO aIlIIPOKCUMALINIO 3aBUCUMOCTY 0O BEMHOTO pacxofa
Q ot maBnenus mapa P, B mapoor6ope [15]:

0O=K,-F,, (8)

rae K = 585,9 m*/(4 x MIla) — xoadpuument nuneitHo
aHHpOKCI/IMaLU/H/I.

Takum ob6pasom, u3 3aBucuMoctu (8) cnegyer Mu-
HUMaJIbHOE Ipefe/IbHOe aB/ieHne, obecrevdnBaiiee
paborocmoco6rocts AITHIIIL (P_ ):

O(AIIHITIT) _ K (AITHIIIT) - Py
O(TIH) Ky (THH)-Pyay

rae P — MakcMManbHOE [aB/ieHue mapa B Typ6onpu-
Boze TIIH (6,4 MIla), obecnieunBaromiee mMpOEKTHDIN
pacxon 3750 m*/4. CumuTast UAEHTUIHBIMU KOIPPUIIN-
eHTBI TMHeIHON anmpoxcumanuy g TTIH n AITHIIII,
nonyyaem snadenue P = 0,3 MlITa.

Takum 06pas3oM, MOXXHO cHOPMYINPOBATH OCHOB-
HbIe TIOJIOKEHM ST 0011[ell CTpaTerny yIpaB/IeHNsI aBapu-
amu ¢ [TI19:

1. B Hava/jbHBII MOMEHT aBapuu HEOOXOAVMO IIPH-
meHenue AITHIIII mo camxenns maBnenus B I1I' meHee
0,3 MITa (CY1). Paborocnocob6uocts AITHIIII gomxHa
ObITH 0bOecmevena st aBapuit ¢ [1JJI19 n oTkasom aBa-
PUITHOI 3aIUTHI peaKTopa Ipu AaBneHusaAx B I1T' 6onee
0,3 MTIla.

©)

2. IIpm camxennn gasnenus B 11T menee 0,3 MIla ne-
obxopnumo otkniodenre AITHIIII u nepexon na CIIOT
IIT (CY2). Pasmepsr CITIOT III' 1omXHBI COOTBETCTBO-
BaTbh TPeOOBAHMAM IO CEIICMOCTONKOCTH [5, 6] 1 0be-
cineynsatbh ®b OT oT peakTopa 1 nopaepxaHus He-
obxopuMoro ypoBHs Bopsl B III' mpu gaBmeHuax mapa
0,3 MIla.

BoiBogbr

1. B craTbe mpuBefeH aHAIN3 U3BECTHBIX COBpe-
MEHHBIX IOJXOJOB YIIpaBAeHMA aBapusAMu Ha 9Y
¢ IIAII9: crparernsa npumenennsa CIIOT III, ocHoBaH-
Has Ha eCTeCTBEHHOV UMPKYIALUN, X CTPATeTus IpyMe-
HeHuA anbrepHatnBHBIX AITHIIIL

2. OcHOBHbBIE OTPAaHMYEHNS CTpaTerny MpyuMeHe-
Hus CIIOT IIT ecTecTBeHHOI NUPKYIALUEN OIpeness-
I0TCSI CTIeRAYIOIMMU (PaKTOpaMM:

He Ipe[iCTaB/IsAeTCA peasbHON TeXHUYecKas pea-
nu3anus Heo60CHOBAHHO OOBUINX KOHCTPYKIMOHHBIX
rabapyTOB CUCTEMBI IIPY OCTATOYHOI MOIHOCTH TEII/IO-
BoImeneHni 6omnee 50 % OT HOMMHA/IBHON MOITHOCTI;

pacHooKeHMe TemI00OMeHHO MOBEPXHOCTH
3a IpefenaMy 3alMTHON 060TOYKM CYIIeCTBEHHO CHU-
JKaeT YpOBeHb 0e30I1aCHOCTY 10 OTHOUIEHNIO K BHeII-
HIUM 3KCTPeMa/IbHBIM BO3/IENICTBMAM (3eM/IeTPACEHNA,
TOPHAJI0, yparaHsl U T.IL.).

PeantpHble KOHCTPYKIMOHHBIE TabapUTBI B IIpefieax
3aIMTHOM 000/I04KM 0O0CHOBAHBI IJIS1 MOITHOCTY OCTa-
TOYHBIX TEIIOBBIfIe/IeH NI He 60rtee 2 % OT HOMMUHAIBHON
MOIIIHOCTH peaKkTopa (OKOJIO Yaca C MOMEHTA aBapUITHO-
rO OCTaHOBa peaKTopa).

[TosToMy A1l Ha4aIbHBIX 3TANOB 3P PEKTUBHOTO
yIIpaBeHNs aBapuell HeOOXOAMMBI a/IbTepHATHBHBIE
IIaCCUBHbIE CUCTEMBI 6€30I1aCHOCTY, 0OOecIednBaloLye
KOMIIEHCAIMI0 OTKA30B aBapUITHBIX TN TATE/IbHbIX /IEK-
TPOHACOCOB B TeUeHIe He MeHee 72 4. B kadecTBe Takoit
cucreMbl 000CHOBaHO ycrnonb3osanye AITHIIIL

OcHOBHbIE OTPaHMYEHNA CTpATerny MPYMEHEHU
ATIHIIII cBsi3aHbI ¢ HEOOXOAMMOCTBIO KBaTNPUKALUN
B YCTIOBUAX OTHOCUTE/IbHO HU3KMX HaB/IeHNII Iapa.

3. IlpennoxxeHa obmIast CTpaTerus yrnpasIeHNs aBa-
pusamu c IIII9 Ha AI9Y. B HauanbHBI MOMEHT yIIpaB/ie-
Hue aBapuent ocymectsiasercsa AITHIIII npu naBnenun
napa B IIT" 6onee 0,3 MIla.

IIpn menpmnx gaBnenuAx napa B I1I' u cHy>xeHNN
MOIITHOCTM OCTAaTOYHBIX TeIJIOBBbIJIe/IeHNIT MeHee 2 %
OT HOMMHA/IBHOJ MOIIIHOCTY 060CHOBAHO IIpMMeHeHe
crpareruu ¢ CIIOT III, ocHOBaHHBIMY Ha €CTECTBEHHOI!
uupkynsoun. IIpu atom pasmepst CIIOT pomxHbI co-
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B. 1. Ckano3sy6os, B. 10. I'pu6, A. B. Kopones u ap.

OTBETCTBOBATb HOPMATVBHBIM TPeOOBaHMM II0 CEIICMO-
crorikoctu n obecneunsarb @b OT ot peakropa u mop-
fiepXKaHys HeOOXOAVIMOTO yPOBHS MUTATe/IbHOI BOJBI
B III' mpn paBnennsax napa meHee 0,3 MIIa.

4. Heobxopyuma sKkcIiepyMeHTaIbHasI KBaMnpuKa-
V51 CUCTeM 0e30IIaCHOCTH, 00eCIIeYMBAIOLINX yIIPaBIe-
Hue aBapuamu ¢ I[TJTIS.

5. Heobxopuma pgomonHuTenbHast KBaanduka-
LU IPeIOKEHHO CTpaTerny yIpaB/IeHN s aBapUAMI
¢ [IAIIS c y4yeToM MEXKOHTYPHBIX Tedell ¥ AMHAMUKI
IPOILIECCOB B PeaKTope.
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Crparerii ynpapniHH:A aBapisiMu Iif; 4ac HOBHOY
TPUBAIO0i BTPATH e1eKTPONOCTaYaHHA Ha AJePHUX
€HeProyCcTaHOBKaX

OpHi€ro 3 0CHOBHMX IPUYMH Ba)KKIX aBapiil i pyiiHiB-
Hyx BuoyxiB Ha AEC ®yxycima-Jlaidi 6y TexHivyHi He-
TOMIKM AfepHMX €HEPrOyCTaHOBOK i HEOCTaTHA MiiTOTOB-
JIEHICTD OIIEPATUBHOTO NIEPCOHAY 3 YIIPAB/IiHHA aBaPiAMU
3 IOBHOK0 TPUBA/JIOK BTPATOI €IEKTPONOCTa4YaHHA.
AHari3 fi04unx i po3po6/I0BaHIX MOCIOHNKIB Ta IHCTPYK-
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CrpaTernu ynpapieHIA aBapyuAMI

LiJ1 3 yIpaBIiHHA Ba)XKVMMM aBapisMyU Ha PeaKTOPHUX
YCTaHOBKaX II0Ka3aB, 10 IPUITHATI CTpaTerii ypaBaiHHA
aBapiAMU 3 MOBHOIO TPMBAJIOI0 BTPATOIO €IEKTPOINOCTA-
JaHHA Ha AJIEPHUX €eHEPTOYCTaHOBKAX 3 PEAKTOPAMM TUITY
BBEP HeocTaTHBO 0OIpyHTOBaHI Ta eheKTUBHI. Y po6oTi
IIPOIOHYETHCS KOMIUIEKCHA CTpaTeTiA yIpaB/liHHA aBapif-
MM 3 IIOBHOIO BTPATOI0 TPMBAJIOTO €IEKTPOIIOCTadaHH .
Crparteris 6a3yeTbcs Ha KOMIUIEKCHOMY IiXOAi 3abe3re-
4eHHs QYHKIIiiT 6e3[eKN 1IORO0 BijBeIeHH A 3a/INIIKOBUX
TEIJIOBU/Ii/IeHb BiJj peakTopa i miATpUMaHH HeOOXiTHOTO
PiBHA KOT/IOBOI BOfiM B MaporeHeparopi. Peanisanis crpa-
Teril 3[iJICHIOETbCA Y BUITA[KaX TUCKIB Y MaporeHepaTopi
noHaz 0,3 MIla anbTepHaTBHMMMY aBapilflHUMM KVBU/Ib-
HMMM HacOCaMU 3 IApOIPUBOJIOM Bifl IapOreHepaTopiB;
a 3a MEHIINX TUCKiB CYCTeMaMy ITaCBHOTO BiJIBEJCHHA
Tel/la — Ha MPMHUUIIAX IPUPOSHOI UMPKY/IALIIL.

Kntouosi cnosa: yripasiinH:A aBapisMy, IOBHA BTpaTa
TPUBAJIOTO €/IEKTPONIOCTAYaHHA, ANEPHI €HEPrOYCTaHOBKIA.

V. I. Skalozubov, V. Yu. Grib, A. V. Korolev,
T. V. Gablaya, V. Yu. Kochneva

Odessa National Polytechnic University,
1, Shevchenko av., Odesa, 65044, Ukraine

Blackout Accident Management Strategies
at Nuclear Power Plants

Technical shortcomings of nuclear power plants (NPP)
with boiling water reactors and the inadequate training
of operating staff for blackout accident management are
among the main causes of severe accidents and destructive
explosions at the Fukushima-Daiichi NPP. The blackout
at Fukushima-Daiichi NPP was a consequence of the site
flooding because of combined effect of the earthquake (about
9 points in the epicenter at a distance of 160-180 km from
coast) and tsunami with a height of more than 14 m near the
coast. The Fukushima-Daiichi site is placed at a height of 10
m above sea level, and there is a system of breakwaters with
a height of more than 4 m above sea level. According to de-
sign calculations, the maximum wave height off the coast is
about 5 m. Therefore, the accident was great surprise for the
operating organization Tokyo Electric Power Company, and
it revealed unpreparedness of technical means and staff in
preventing consequences of the initial accident event. After
Fukushima-Daiichi accident double inspections were hold at
all US nuclear power plants. They also demonstrated insuffi-

cient preparedness of technical means and staff for blackout
accident management. Analysis of current and developed
guidelines/instructions for the severe accident management
at reactor facilities has revealed that the accepted blackout ac-
cident management strategies at NPP with water-water ener-
getic reactor (VVER) are not substantiated and not effective
enough. A comprehensive blackout accident management
strategy is described in the paper. The strategy is based on an
integrated approach to ensuring the safety functions of af-
terheat removal from the reactor and maintaining the re-
quired level of boiler water in the steam generator. The strat-
egy is realised by alternative emergency steam-driven feed
pumps at steam generator pressure of more than 0.3 MPa,
and by afterheat removal passive systems based on the prin-
ciples of natural circulation at lower pressures.

Practical implementation of the proposed blackout
accident management strategy determines the need of ad-
ditional experimental design qualification of new passive
safety systems.

Keywords: accident management, blackout, nuclear power plant.
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®a30BblIif COCTaB HEOOTYYEHHOTO AKEPHOTO TOIINBA 4-T0 610Ka
YepHOOBUTHCKOI ATOMHOV 3MEKTPOCTAHIINN

Kntouesvie cnosa:

HeoO/Iy4eHHOe sAepHOe TOIUINBO,
mudpakToMeTp,

OKCHJ, ypaHa,

PEHTIeHOBCKWIT a30BbIil aHATIN3,
PEHTIeHOBCKUI KOIMYeCTBEHHbIN
aHa/Mu3,

¢$a3oBblit cOCTaB.

/151 OLeHKM sIfepHOI, PafMAIIOHHON ¥ 9KOMTOrMYeCcK1it 6e30IMacHOCTI KOMITTIEKCaA
«HoBblit 6e30macHbIl KOH(aTHMEHT — 06beKT “YKpbITre » HEOOXOLUMO OLIEHUTD CO-
CTOsIHVIE HEOOTy 4eHHOT O SIAEePHOrO TOIIMBA 10 MCTedeHn N 32 fieT mocte aBapun. Me-
TOJ{OM PEHTT€HOBCKOI A paKImiL IOKa3aHO, 4TO 06pasel; HEOOIYIEHHOTO SIfEPHOTO
TOTIMBA MPeJCTaBIen okcumom ypana UQ, ¢ KyOM4ecKol CTPYKTYpPOIL. YCTaHOBJICHO,
4TO 06pasLbl HEOOIYyUYEHHOTO SIFEPHOTO TOIUIMBA MOTYT MCIIONb30BATHCS B KAUeCTBE
9TAJIOHOB IIPU UCCIIEIOBAHNUM TOI/IMBOCOAEPIKAIIMX MaTepUaIoB METOLAMM pEHTTe-
HOBCKOTO KaueCTBEHHOTO 1 KONMYECTBEHHOTO a3oBOro aHa/lMM30B. YBeNnyeHye 3Ha-
YeHMsI MEXIIJIOCKOCTHOTO PAaCCTOSHUS A/ OCHOBHOTO OTPaKeHMUsl HEOO/TydeHHOTO
ANEPHOro TOIINBA, BO3MOXXHO, YKa3bIBAET Ha TO, YTO 3a 32 rofia, NpoLIeJIINX ITOCIe

aBapuu, B TOIJIMBE HAYaJICA MPOLECC MOOKUCTIeHns okcuya ypana UO,.

BBenenne

ITepep aBapueit Ha 4-M 6/10ke UepHOOBIIBCKOI ATOM-
Hoit anexktpoctaniuy (HAIC) siiepHOE TOIIMBO HAXO-
IWJIOCH B YeTBIPEX MECTaX PeaKTOPHOTO OT/eIEHIS: B K-
TUBHOV 30He peakTopa (1 659 TeIIOBbIAETANINX COOPOK),
B 6acceriHe BBIIEPXKKI COOPOK C OTPAabOTABIINM TOIUIN-
BOM (129 TernIoBbIieIAIOMINX COOPOK), HA Y3/Ie IO TOTOBKM
TOIIMBHBIX COOPOK B LIEHTPA/IbHOM 3aJle (48 TemIoBbIzie-
JISTIOLINX COOPOK) U B IIOMEIEHU Y TIOATOTOBKI CBEXXEro
ToImBa (36 TerIoBbIeNAIMX cO60pokK). Ha ceropns us
48 TeTIOBBI/IESIOINX COOPOK «CBEXEr0» TOIINBA, HAXO-
IMBLIETOCS B IEHTPATbHOM 3aJie, 7 HAXOIATCS Ha pasBecKe
B CeBEPO-3aIlafHOI YaCTH LIeHTPATIBHOrO 3a/1a, OCTaNlb-
Hble — 1107 3aBaniamMu [1-3]. [/ OLjeHKU AepHOL, paju-
ALIIOHHOM U 9KOIOTMYECKIIT O€30IIaCHOCTY KOMIT/IEKCA
«HoBbli1 6e30macHblit KOHpaTHMEHT — 00BeKT “YKpbI-
T1I€”» HeOOXOIMMO U3YUNTh COCTOSHME HEOOTyYeHHOTO
SIIEPHOrO TOIUIMBA II0 VICTeYeHnN 32 JIET IOC/Ie aBapUIL

[Tpu npoBeneHnn MccenoBaHMit Pa3oBOro cocTaBa
KPUCTA/UTNIeCKIX (a3 TOIMBOCOAEPKAIUX MaTePUAIOB

MeTOflaMJ1 PeHTTeHOBCKOI Avdpakuny (pa3oBblit aHANS,
HIOJTYKOIMYeCTBEHHBIN VM KOIMIeCTBEHHbIN aHAJIN3bI) Tpe-
OyI0TCs1 006pasLbI-9TaTIOHbI /15 OLpefie/IeHIs COflepKa-
HIA OKCUZIOB YpaHa U CTeIIeHN VX OKMCTIeHNA [4-6].

LlenssMu faHHOI pabOTBHI SABIAIOTCA:

1) usyuenue $a3oBOro COCTaBa HeOONTYy4EHHOTO
siepHOTO TOIMBa 4-ro 6moka YAIC;

2) ompenenieHye BO3MOXXHOCTH MCIIONb30BaHM 00-
pasIoB HEOOTyYeHHOTO ANEePHOTO TOI/IMBA B Ka4eCTBE
3TAJIOHOB IIPY OIIPefieJIeHNN COflepKaHMA OKCHUJOB ypa-
Ha B TOIUIMBOCOZEPKAIMX MaTepyaaaX MeTOfaMI PeHT-
T€HOBCKO AVPPaAKIINIL.

Wccnenyembie MaTepuanbl

VccnegoBanyu ob6paseln; HeOOTY4eHHOTO s/JepHOTO
TOI/IMBA peaKTopa GOJIbIIO MOIIHOCTY KaHaJIbHOTO
(PBMK), xoTopsniit usBneden u3 4-ro 6moka YAIC
B 1996 1. 1 XpaHuUICA NpU KOMHATHOM TeMIlepaType
B IIOMelljeHNM 1-ro Kmacca pabor VHcTuTyTa pobiem
6ezomacHocT ADC HAH Ykpannst. OTo6paH o6paser

© C. B. Tabenxos, 1. B. urauiwok, B. I. Kygnai,
I1. E. ITapxomuyk, C. A. Yukonosern, 2019
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B ¢popme Tabnerkn. OfHa U3 €ro TOPLEBBIX MOBEPXHO-
cTell OblyIa TOTOTOB/IEHA METOROM LIMN(OBAHUSA [JIs
YMEeHbIIEHM I IIEPOXOBATOCTY IIOBEPXHOCTHL.

MeTomuKa UcCIenqoBaHMit

da30BbIiT COCTaB UCCTIE[YeMOro 0Opasiia OImpeferns-
JIV METOIOM PEHTTEeHOBCKOM audpakiun. Vcronb3osanm
MoflepHM3MpOoBaHHbIN gudppakromerp JPOH-4, cxemy
0-0, nsmyuenne Cu K . Kanubposka npoBopumach mo
OCHOBHOMY OTPa>Ke€HMIO KPMCTa/IZIOB a-KBapua. CheMKu
MPOBOJVINCH KaK B peXXMMe CKaHMPOBAaHNA B IIMPOKOM
uHTepBane yrnos 20-120° Tak u B IPELU3NOHHOM —
B Y3KIX MHTEPBa/IaX yI7IOB, Py pabodeM HampshKeHn 19
KB 1 cune Toka 12 MA. Illar nsmenenns yria 0,01 nmm 0,05°.
Bpemst akcrio3uiuu Kaxxmoit Touku 3 win 5 ¢. O6paboTka
TaHHBIX IPOBOAM/IACH C MICIIONb30BaHMEM IIPOTPaMMBbl
New Profile 3.5, paspab6oranHoit B HaijmonanbHOM Tex-
HIYeCKOM YHUBepcuTeTe «XapbKOBCKUIT IOIUTEXHIYE-
CKUIT MHCTUTYT». [I71 npeHTHdUKanm $as UCIOoIb30Ba-
nn 6a3y gudpakinoHHbIX faHHbBIX ASTM [7-10].

PesynbTaThl NCCTIeROBaHUI

Iudpakrorpamma He0OTy4YEHHOTO SAEPHOTO TOILIN-
Ba IIpeficTaB/leHa Ha puc. 1. OHa Ho/Ty4eHa B CKAaHNPYIO-
LIeM peXXMMe B MHTepBase yrinos 20-120° ¢ marom 0,05°
U BpeMeHM 9KCIO3ULMU KaXkoil Touku 3 c. Judpaxro-
rpaMMa COIEPXUT 18 oTparkeHuit pasnmIHON MHTEHCUB-
HoCTH: 13 oTpaskenuit oTHOCUTCA K okcupy ypana UO,, 5
OTPa)KeHUI — K IMIacTUINHY. [ImacTunmH ncnonbsoBan-
Cs1 1A KperteHns1 obpasia B KioBeTe gudpakToMeTpa.
s ugeHTHPUKALUY OTPaXKeHUI ITaCTUINHA OblIa
IIPOBEJlEHa €ro ChbeMKa B CKAaHUPYIOUIEM PeXMMe IIpU
TeX )K€ IapaMeTpax.

Vcnonp3ays gudpakTorpaMmy, IpefcTaBIeHHYIO Ha
PUCYHKe, ObIIV BbIOpaHbI MHTEPBAJIbI YIIOB /IS MIPeLy-
3MIOHHOJ CHE€MKM IIECTY OCHOBHBIX OTPa>XE€HMIT OKCHIA
ypana UO, nns momyyenus 60ee TOYHBIX JaHHBIX. [1a-
paMeTpbl CbeMOK (MHTepBasIbl YITIOB, HIal CheMOK, Bpe-
M 9KCIO3MIINM KaXK/IOV TOUKI) U ITOTTyYeHHbIe TaHHbIE
(mono>xennst oTpakeHuit (yrist orpaxxeHus 20), ux uH-
TEHCUBHOCTH, TIOTYLIM PMHBI ¥ MEXKIITIOCKOCTHBIE PACCTO-

1, smm.
450 4 U0,
II
UO, Uuo,
300 A ] X
J ¥
uo .
!l 2 | J U02 UOz
‘ [ 1 I
150 - 1 ! \ vo; UO: : |
I [! U0, ] ? T U0, 1 | vo,
I i | LIRS
V[ ¢l
100 120
20, rpan

Puc. 1. Mudpakrorpamma auokcuza ypana (UO, — oxcup ypana, [T — mmactunmm)

SIHUST) IPUBEEHBI B Ta0/1. 1. MeXXIIIOCKOCTHBIE PACCTOSI-
Hust d pacCYUTaHBI C UCTIOIb30BaHVEM TPorpaMmMbl New
Profile 3.5 c yuetom paspenennsa gy6mera o, u a,. OTpa-
JKEHM I 9KCTPATIONMPOBAINCH ACMMETPUYHOI QYHKIIN-
et Komn BToporo nopsApka.

AHanus pesynIbTaToB

MsBectHo [11-14], uto okcup ypana UO, — BeljecTso,
I[BeT KOTOPOTO MEHSETCSI OT KOPMYHEBOTO [0 YEPHOTO
B 3aBUCHMOCTY OT JVICIIEPCHOCTY U CIIOCO0A MOTyYeHIsI
¥ MIMeIolLiee I'PaHelIeH TPV POBAHHYIO KYOUYECKYIO PELIeTKY

tumna ¢rooputa. [Tapamerp peuterku a = 0,547 Hm. Pent-
reHorpagdecKas IJIOTHOCTD AMOKcu/ia ypasa 10,95 r/cm’.

IudpaknnonHble gaHHBIE (IO IIECTM OCHOB-
HbIM OTpakeHusAM) okcupa ypana UO, deThIpex aBToO-
poB u3 6a3bl gaHHbIX ASTM mnpepncTaBieHs! B Ta0mI. 2.
Y orpaxkeHna Ne1 MeXIJIOCKOCTHBIE PacCTOSAHUA
nMelT cpepgHee 3HadyeHue 0,31570 HM, y oTpakeHus
Ne 2 oum mmewrt 3HaveHue 0,27357 HM, y OTpa>keHUSA
Ne 3 —0,19342 umMm, y orpakenus Ne 4 — 0,16495 um, y orpa-
>keHusa Ne 5 — 0,12550 uM 1 y orpakeHusa Ne 6 — 0,12383 Hm.

AHanus [JaHHBIX, IPUBEIEHHBIX B Tabn. 1 un 2,
IIOKa3bIBaET, YTO y OTpakeHMil Ne 2-6 3HavyeHUA
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Ta6muna 1. [IndppakuyoHHbie JaHHbIe 00pa3a He0O/TYYeHHOTO SAePHOTO TOIIMBA

ITapameTpsl ChEMOK JudpaxinoHHbIe JTaHHbIE
Ne m/m ®asa
VHTepBan yrios, rpaj 20, rpap I, mm1L./oTH. ef,. B, rpax d, am
1 27,7-28,2 28,174 441,7/1000 0,174 0,31646 UO2
2 32,2-33,2 32,673 131,3/297 0,162 0,27386 UO2
3 46,5-47,5 46,897 225,3/510 0,167 0,19357 UO,
4 55,1-55,2 55,642 241,5/546 0,188 0,16504 UO,
5 75,2-76,2 75,753 120,6/270 0,207 0,12551 UO,
6 77,5-78,6 78,043 70,5/160 0,217 0,12235 U0,

ITpumeyanue. 20 — yroj orpakeHns, | — MHTEHCUBHOCTD,  — HMOMymMpyUHa, d — MEXIIOCKOCTHOE PacCTOsAHMeE, Iar cbeMok 0,01,

BpeM:A IKCIIO3NLINN Ka)I(I[Oﬁ TOYKM 5 C.

MEXIIJIOCKOCTHBIX PacCTOAHMUII HeOOTy4eHHOTO
sAgepHOro tomnuBa (cM. Tabm. 1, m. 2-6) HaXOJATCS
B MHTepBajie 3HAaYeHUII MEXIJIOCKOCTHBIX PacCTOs-
HUI 9TUX NIOCKOCTel okcupa ypana UO,, m3BeCTHBIX
panee (6aza ASTM, cm. Tabm. 2, . 2-6). Pazbpoc 3Ha-
YEeHNII MEXIUIOCKOCTHBIX PAacCCTOSIHUI OT MUX Cpen-
HuX 3HadyeHuit He npesbimaer 0,0002-0,0003 uM, 9TO
HaXONUTCs B Ipefenax OWMOKM M3MEpPEHUI Ha WC-
0/Ib30BAaHHOM o6opymoBaHuu (AudpakToMeTpax).
OpHaKo MeXIIIOCKOCTHOE PAcCTOSAHVE OTpaskeHNA Ne 1
(cm. Tabm. 1, . 1) HeO6TYYEHHOTO AXEPHOTO TOIIMBA
(0,31646 HM) mpeBbILIaeT BCe IpUBELeHHbIE B TA0. 2
3HaueHM . JTO, IO-BUAVIMOMY, CBUJIETE/IbCTBYET O IIPO-
necce fookucnenus okcuaa ypana UO, [11]. MiseecTHo,
YTO NPU 9TOM KUCIOPOZ BXOAUT B KPUCTA/INIECKYIO
pelIeTKy okcupa ypasa. IIpoecc JOOKMCIeHN S IpOAB-
JISIeTCS B USMEHEHUN IJIOTHOCTY aHMOHOB I KATMOHOB
B IVIOCKOCTAX. B cniry Toro, 4To MMeHHO 3Ta I/IOCKOCTh
[11] mMeeT HaMOOMBUIYIO IJIOTHOCTb AHVOHOB U KaTHO-
HOB, 9TO VI3MeHeHMe MOXXET MPOSIBIIATHCS Ha HaYaIbHOI
CTafuu mpoiiecca.

OTHOCUTENbHbIE MHTEHCUBHOCTU OTpa)KeHI/II?[ oT
BCeX IJIOCKOCTeN 06pasiia HeOOTYUEeHHOTO AJepHOrO
tornusa (cMm. Tabi. 1) ¢ TounocTbio 1o 10-20 % coBnaza-
0T C JAHHBIMU C 6a3bl JaHHbIX ASTM (cM. Tab1. 2). 10
CBUJIETE/IbCTBYET 00 YHLOBIETBOPUTENTBHOM COOTBET-
CTBUU HOHy‘IeHHbIX HaMun I/IHTCHCI/IBHOCTQ]?I, M3BECTHDBIX
ns3 HV[TepaTyprIX JICTOYHMKOB.

CoOoTBeTCTBUE IOy YeHHBIX AU(PAKIMOHHBIX JaH-
HBIX OIYO/IMKOBaHHBIM PaHee pe3y/IbTaTaM OfHO3HAYHO
YKas3bIBaIOT Ha TO, 4YTO 0Opasel; HeOOTyYeHHOTO sJePHO-
T TOI/INBA MPefiCTaB/IeH okcugoM ypana UO, ¢ Kybude-
CKOMt CTpYKTypOI/I I MOJKET MCIIO/Ib30OBATbCA B KA4YE€CTBE
9TAJIOHA [IPU UCCIIENOBAHNY TOIUIMBOCOMEPKAIIX MaTe-
pMaIOB METOAMY PEHTT€HOBCKOI udpaKinm.

3akiaroueHnune

YcTaHOBIIEHO, YTO HEOOTyYeHHOE sIIepHO€ TOIIVBO
4-ro 6710ka YAIC mocne 10 y1eT HaXOXOeHMA Ha 0O BEKTE
«YKpbITVe» U 22 NIeT XpaHeHus B naboparopun I kmacca
BBIIIOTIHEHMsA paboT IpesicTaBIeHo okcupoM ypana UO,

Tabnuua 2. [udpakunoHHbIe faHHbIE (6 OCHOBHBIX OTPaXKeHUIT) OKCHUAA ypaHa UO, us 6a3pI gaHHbIX ASTM

Ne /i ASTM 78-0725 [7] ASTM 78-0664 [8] ASTM 76-1118 [9] ASTM 75-0455 [10] bkl
d,am | Lorn.ex. | d,um |Lotu.en. | d,am |I orH. en. d, M I, oTH. eq.
1 0,31558 1000 0,31581 1000 0,31570 1000 0,31633 1000 111
2 0,27336 347 0,27356 347 0,27341 354 0,27395 346 200
3 0,19325 409 0,19339 409 0,19333 431 0,19371 407 220
4 0,16480 350 0,16492 350 0,16487 381 0,16519 350 311
5 0,12539 115 0,12549 115 0,12544 114 0,12569 115 331
6 0,12522 83 0,12531 85 0,12227 100 0,12251 83 420

ITpuMeuanne. d — MEXIZIOCKOCTHOE pacCTOAHME, | — MHTEHCUBHOCTb, h k1 — uHmEKCH IOCKOCTEI.
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¢ Kybudeckoit cTpyKTypoit. [Ipu aToM 3a BpeMms XxpaHe-
HIIS1, BO3MOYKHO, Haua/l pa3BUBATbCA IIPOLECC JOOKIICIIe-
HusA okcupa ypana UO,.

IToxasaHo, 4TO 06pasLbl HEOOTYIEHHOTO SIEPHOTO
TOIUIVBA MOTYT OBITD VICIIONIb30BAHBI B KaUeCTBE 9TaJIO0-
HOB IIPU OIpefie/IeHNN COfepKaHMs OKCUIOB ypaHa Me-
TOZJaMI PEHTT€HOBCKOM AV(PaKIVN B TOIIMBOCOEPIKa-
VX MaTepuaax.
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C. B. I'a6enxos, 1. B. JKuraniok, B. I. Kymnaii,
II. €. IlTapxomuyk, C. A. Ynkoroseun

Incmumym npobnem 6esnexu AEC HAH Yipainu,
syn. Kipoea, 36a, oprobumnv, 07270, Yepaina

®a30BUI1 CK/IaJ] HEOMPOMiHEHOTO AlePHOrO NaanBa
4-ro 6noxa YopHOOMIBCHKOI AaTOMHO] €/IeKTPOCTAHIIT

Il oLiHKM AfepHOI, pafialiiiHOI Ta e€KOMIOriYHOoi
6Gesmnexy komIuiekcy «HoBuit 6e3nednnit KOHpatHMeHT —
00’eKT “YKpuTTs? » HEOOXIiTHO OL[IHUTI CTaH HEOIIPOMiHe-
HOTO A/IEPHOTO MajanBa 4epes 32 poKu micrnA aBapil. Me-
TOJIOM PEHTTEeHIBCHKOI AUQpaKIil II0Ka3aHo, 110 3pa3oK
HEOIIPOMiHEHOT'O ATEPHOTO Na/INBa MPECTAB/IEHO OKCU-
nom ypary UQ, 3 Ky6iYHOIO CTPYKTYpOIO. YCTaHOB/IEHO,
IO 3pa3Ky HEONPOMIHEHOTO ANEPHOTO MaanBa MOXXYThb
BJIKOPMCTOBYBATHCSA K €Ta/IOHV IIPY TOCTiIYKEHH] ITa/INBO-
BMICHIX MaTepiasiB METOaMI PEHTTEHIBCPKOTO AKICHOTO
Ta KiZIbKicHOTO (pa30BOro aHami3iB. 30i/IblIIeHHs 3HAYEHHS
MDKIUTOLIVHHOI BifICTaHi 11 OCHOBHOTO Bi0Opa>keHHs
HEOIIPOMIHEHOTO AJEPHOrO Ia/INBa, MOX/INBO, BKa3ye Ha
Te, 10 3a 32 POKM, AKi MUHY/IN IiC/IA aBapii, y Ma/mBi 1o-
9aBCA IPOLEC TOOKMC/IeHHA okcupy ypary UO,.

Knouosi cnosa: HeompomiHeHe sifiepHe ManBo, fudpakToMeTp,
OKCHJ] ypaHy, peHTTeHiBCbKII (a30BMit aHAII3,
PeHTreHIBChbKMIT KiZIbKiCHMII aHati3, pa3oBuit CKmaj,.

S. V. Gabielkov, I. V. Zhyganiuk, V. G. Kudlaij,
P. E. Parkhomchuk, S. A. Chikolovets

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

Phase Composition of Non-irradiated Nuclear Fuel
from 4th Unit of Chornobyl Nuclear Power Plant

It is necessary to assess the state of unirradiated
nuclear fuel 32 years after the accident in order to assess the
nuclear, radiation and environmental safety of the New Safe
Confinement complex — the Shelter object. Standards samples
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are required for conducting studies of the crystalline phases’
composition of fuel-containing materials for uranium oxides
determination and its oxidation level by X-ray diffraction.

The objectives of the work were: 1) to study the phase
composition of unirradiated nuclear fuel of the 4th unit of the
Chornobyl Nuclear Power Plant (NPP); 2) to determine the
possibility of using samples of unirradiated nuclear fuel
as standards in determining the content of uranium oxides
in fuel-containing materials by X-ray diffraction methods.
The phase composition of the unirradiated nuclear fuel
of the 4th unit of the Chornobyl NPP was determined
by X-ray diffraction. We used a diffractometer “Dron-4”
upgraded for 6-0 scheme, Cu Ka radiation. The “Dron-4”"
was calibrated by basic diffraction line of alpha Quartz.
We held determining lines by X-ray method in wide range
of angle. At the same time, we determined lines with high-
precision in the narrow range of angle. Data processing was
carried out by a New Profile 3.5 program. The New Profile
3.5 program developed in the National Technical University
“Kharkiv Polytechnic Institute”. For identification of phases
the diffraction database from ASTM was used.

It is shown that the sample of non-irradiated nuclear fuel
is represented by uranium oxide UO, with cubic structure.
It has been established that samples of unirradiated nuclear
fuel can be used as standards in the study of fuel-containing
materials using X-ray qualitative and quantitative phase
analysis methods. The increase in the interplanar distance for
the main reflection of unirradiated nuclear fuel may indicate
that in the 32 years that have passed since the accident in the
fuel, the process of additional oxidation of uranium oxide
UO, began.

Keywords: non-irradiated nuclear fuel, diffractometer, uranium
oxide, X-ray phase analysis, X-ray quantitative analysis, phase
composition.
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The efficiency of the use of personnel protection shielding against intensive sources
of ionizing radiation in the areas of work at the Shelter object is analyzed. Data on the
practical application of protective shields when performing works to stabilize unsta-
ble structures of the Shelter object are presented. The models for the use of special
protective cabins for the dismantlement of the Shelter object structures are justified;

these models are planned to be implemented after the commissioning of the New Safe
Confinement. It is shown, that use of shielding as one of the most effective methods for
reducing the collective dose of radiation is crucial.

Introduction

A lot of work on the transformation of the Shelter
object into an ecologically safe system was carried out
in severe radiation-hazardous environments and required
the implementation of a number of protective measures.
Since the beginning of the 2000s, a large amount of con-
struction and installation works have been implemented
at the Shelter object. Most of the work was carried out
in places with the presence of intense sources of ioniz-
ing radiation. Shielding measures were used to protect
the personnel who performed work under such condi-
tions. Such protective measures were implemented during
the implementation of the project on stabilizing of beams
B1 and B2, stabilizing of the structures of the Shelter
object, creating of a protective contour of a New Safe
Confinement (NSC), etc. The most widely used shields
and protective cabins were used to carry out works
to strengthen the Western support of the “Mammoth”
beam, as well as the cementation of the soils of the local
area of the Shelter object by a cement-aqueous mixture [1].
Specific requirements for shields for each working area
were proposed in the working project — geometric sizes,
thickness and mass.

The Institute for Safety Problems of the Nuclear
Power Plants (ISP NPP) of the National Academy
of Sciences of Ukraine participated in the development
of the projects, as well as carried out author’s supervision
of its implementation. As a result, the project data was
accumulated, based on which the justification for the need
for protection was made, as well as the actual results of the
received radiation doses of personnel and data on the
practical effectiveness of the protection.

Taking into account the experience gained, ISP NPP
was involved in the design works on the dismantling of the
Shelter object designs. According to [2] dismantling of its
structures will start shortly after the commissioning of the
NSC, therefore [3] work should be completed by the end
of 2023.

Research methodology

The main source of data for mathematical modeling
of geometry, sizes and characteristics of shielding means
are the angular distribution of gamma radiation intensity
in space (4m) using the device ShD-1 and data experimental
shielding at a specific workplace by means of protection
simulation device the “Ekran”. To evaluate the effectiveness
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of the protective shields methodology and data presented
in [4, 5] were used. Initial data for calculations (dose rate,
characteristics of the energy spectrum, the presence and
properties of intense sources of ionizing radiation) were
obtained as a result of comprehensive survey of workplaces
at the Shelter object [6].

Results and discussion

The presence of intensive sources of ionizing radiation
in the areas of work at the Shelter object required the
development of special shielding solutions in the stabilization
of beams B1 and B2, which were implemented in 1999. The
purpose was to prevent the collapse of beams, which could
lead to a drop of pipe rolling on the overlap of the central
hall, scheme E, etc. The risk of such an incident was the
possibility of the release of a significant amount of high-
level radioactive dust outside the Shelter object.

Fig. 1. Design and practical use of the shielded cabin

However, the work on the support nodes of the beams
were significantly complicated by the high levels of gamma
radiation from the major conglomeration of radioactive
materials in the reactor unit. In this regard, one of the

shielding solutions was the creation of a protective cabin.
Fig. 1 shows a graphic design of the cab and a picture of the
cabin during the work. The use of such device allowed
to reduce significantly the number of personnel per
100 people involved in the project and reduce the collective
dose of radiation by 1.1 Sv [2].

During the works on stabilization of the unstable
structures at the Shelter object, the main protective
measures were applied in the following areas of work: the
western bearing of the “Mammoth” beam, the northern
counterfort wall, the foundations of beams B1 and B2,
the console part of the reinforcement steel structures, the
position of openings in the western counterfort wall, staff
access route on the southern shields.

Particular attention was paid to the use of protective
structures, such as protective box, shielded cabins, shielded
carriage. For example, during the cementation of the base
for metal reinforcement structures of the western wall
of the Shelter object, cabins and special shields for radiation
protection of drill master’s workstations and workers
involved in well drilling and cementation of the base were
developed and implemented. The protective cabin consisted
of a frame of metal profiles, which formed a bulk structure
of 1040 x 1040 x 2520 mm. The roof and tray of the cab were
covered with steel sheets, and two wall sides were lined with
lead sheets 10 mm thick. According to the design calculations,
a collective dose without shielding in the implementation
of such measures as the strengthening of the western
support of the beams “Mammoth”, work on the area of the
northern fronts, work in the area of the site of the clamping
on the wall of beams B1 and B2, as well as the cost of access
routes amounted to 19.2 people x Sv. When using protective
shielding, the collective dose was 14.8 people x Sv. Thus, the
collective dose was reduced to 4.4 people x Sv.

During the project of the Shelter object structures
stabilization, based on the “dose-cost-benefit” analysis,
it was decided to create a protective wall in the area of the
site of the enlarged assembly. The site was located in the
local area of the Shelter object and it needs protection
from the eastern side against intense sources of ionizing
radiation. The protective wall (Fig. 2) was arranged with
blocks of 36.6 m length, 9.6 m high and 400 mm thick.

According to the calculations, the reduction of value
gamma radiation after the construction of the protective
wall is 2.5 times. After the construction, the actual
effectiveness of the protective wall was measured and
it was found that, depending on the place of measurement,
the coefficient of reduction of value gamma radiation
is 1.8-3.2 times. Comparison of the design values with
the actual levels of attenuation allows to conclude that the
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design decisions are correct, it allowed to reduce the dose
rates at workplaces on the site more than 2 times.
Important actions for the protection of personnel were
performed during the work on the transfer of loading from
beams B1 and B2 into metal reinforcement structures.
Radiological conditions in the areas of work required the
use of shields, since the dose rate was in the range of 0.1
to 0.4 Sv/h. Reducing the dose rate after the shielding
of workplaces has confirmed the justification of its use
when performing stabilization project at the Shelter object.

Fig. 2. Protective wall at the Shelter object site

The ISP NPP also participated in works on the
creation of the NSC enclosing perimeter. The Institute
carried out works connected with the removal of shields
and metal roofing panels, the removal of the wall panels
of the end of the turbine hall and other work. For part
of the work, a need for the development of protective
actions was determined. Therefore, for the dismantling
of the roofing panels of the turbine hall between the axes
64-66, A-B, a decision to use horizontal shielding of the
type of protective overlapping platforms and shielded
stairs was taken. As a protective material, lead sheets with
5-10 mm in thickness were chosen.

Radiation conditions in the work areas, namely, during
work on the removal of shielding for an additional roof of the
turbine hall, as well as metal roofing panels of the turbine
hall with the help of tower cranes, can be characterized
as complex conditions. In this case, existing sources
of ionizing radiation affect both the personnel working
on the roof, and the operators of the tower cranes. In this
regard, the project envisaged shielding cabs of tower cranes,
in which operators are inside for a relatively long time.
Protection with sheet lead is provided to reduce the dose rate
in the cockpit tower cranes. It is known from the experience
of work on the implementation of projects at the Shelter

object, that the dose rate in the cockpit of construction
machinery can be reduced four times by shielding. The final
decision on the cabins’ shielding was taken after agreement
with the company manufacturer of cranes.

According to the Strategy, the dismantling of the
Shelter object must begin shortly after the commissioning
of the NSC. At the moment, scientists of Chornobyl NPP
has developed a pilot project “Reconstruction of the Shelter
object of the Chornobyl NPP. Demolition of a steelwork
for strengthening the southern roof” [7]. Researchers
of the ISP NPP have analyzed and substantiated use
of the protective shields in the workplace related to the
demolition of the steelwork and the strengthening of the
staff’s access routes. Analysis of the radiation conditions
in the work area showed that the value of gamma radiation
reaches 0.5 Sv/h. However, the installation of stationary
bioprotection shields is not profitable. On the other hand,
an analysis of possible access routes to the southern
shields has shown that it is most appropriate to organize
the access of personnel to the area of work with the help
of a special shielded cabin (Fig. 3), which will be served
through the NSC main cranes system. A cabin can be used
also to protect personnel against exposure gamma-
radiation during forced technological breaks. According
to the calculations, the effective/or equivalent dose rate
in the shielded cabin should not exceed 25 mSv/h when
placed on the southern roof.

L]

Fig. 3. The scheme of use of the cabin

The following basic design decisions of the shielded
cabin are foreseen:

1. The cabin has a rectangular shape, equipped with
a traverse for fastening.

2. The cabin does not have a door, but it is equipped
with a doorway and a gate.

3. The cabin is equipped with a folding ladder for
safe passage of the staff to roof and back.
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4. The interior surfaces of the cabin shall be made
of materials that are easily deactivated.

5. The interior layout of the protective cabin
is designed for seats for three persons (taking into account
the use of their main and additional personal protective
equipment) and provides for emergency evacuation in the
event of failure of main cranes, as well as rails and safety
belts for safe retention of personnel during displacements.

In the simulation of radiation conditions in which the
protective cabin will be operated, the expert estimation
method has been used to determine the value of gamma-
radiation at each stage of the cabin movement route.
For calculation of the thickness of the cabin walls, the
Microshield MS 5 software was used. Thus, it was found
that the top of the cabin should be shielded with 15
mm of lead, side surfaces — 30 mm, the floor — 25 mm.
The specified specification of wall thicknesses will provide
an equivalent/or effective dose rate less than 25 mSv/h
inside of the protective cabin, at its transportation
along the route and in conditions when the equivalent/
or effective dose rate levels are higher than 0.5 Sv/h.

Conclusions

The practical experience of participation in projects
on transformation of the Shelter object into an ecologically
safe system has shown the effectiveness of using shielding
as one of the most effective ways of protecting personnel.

The use of protective boxes and shielded cabins for
personnel allows to reduce the equivalent dose rate in the
workplace up to 20 times. In this case, the calculated
values are in good agreement with the data obtained when
the actual use of protection in the work areas.

The use of shielding lead to a significant reduction
in the collective dose of radiation during the
implementation of the Shelter object unstable structures
stabilization. The “dose-cost-benefit” analysis showed
the importance of applying protective measures in the
workplace for highly qualified specialists (crane operators,
welders, etc.).

It is shown that the use of special shielded cabins for
personnel access to the work areas can significantly reduce
the cost of the implementation of measures to dismantle
unstable structures of the Shelter object.
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HocBig Ta nepcnexTNBY BUKOPUCTAHHA eKPAaHYBaHH A
IiJ] Yac BUKOHAHHA poOiT i3 nepeTBopeHHs 06’€KTa
«YKpUTTS» Ha eKOTIOTIYHO Oe3IeYHy CHCTeMY

Ba>xnmBuM 3ax070M pazfiallifiHOTO 3aXUCTy ITEPCOHATY
mip 9ac poboty B pafianitHo HebesIeIHNX YMOBax 06’€KTa
«YKPUTTS» € IPOBEE€HHA eKpaHyBaHHA B 30HaX BMKOHAHHS
pobir. IncturyT npobnem 6esnekn AEC HAH Vkpaiuu Bu-
KOHaB 3Ha4HMIT 06’eM pobir 3 aHasi3y pamiarjiifHUX yMOB Ta
OOI'pyHTYBaHHA HeobxigHOCTI 3aCTOCYBaHHSA 3aXOJiB 3 €Kpa-
HyBaHHA. LIi saxonu 6y)m NpaKTUYHO peajizoBaHi mif 4ac
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BUKOHAHHS ITPOEKTIB 3i cTabinisauii 6anox b1 i B2 ta crabini-
3anii HecTabiIbHIMX KOHCTPYKIIiiT 06’€KTA « YKPUTTSI», @ TAKOX
CTBOPEHHSI OTOPOJKYBa/IbBHOTO KOHTYPa HOBOTO 6e3I1eYHOr0
KoH(paliHMeHTa. TakoXX eKpaHyBaHHSA BUKOPUCTOBYBA/NIOCh
mif gac crabinisanii omopu 6anku «MaMOHT», @ TAKOX POOIT
i3 leMeHTyYBaHHs I'PYHTIB y TOKa/IbHIIT 30HI 06’€KTa «YKpHT-
Ts1». OCHOBHMM TUIIOM 3aC00iB eKpaHyBaHH:A Oy 3aXMCHi
CBUHIIEBI EKPaHM Ta 3aXMCHI KabiHM.

3acTOCyBaHHS eKPaHOBAHNX 3aXMCHIX KabiH f1aso 3Mory
3MEHIINTH PiBHi MOTY>XHOCTi €KCIO3ULiJIHOL JO3M Ha pobo-
4MX MicuAx Bif 5 fo 25 pasis.

ITig gac crabimisanii 3axigHOI YacTUHM 00’ €KTA «YKPUT-
Ts1» 6y/I0 30yLOBAHO CIleliabHY 3aXVUCHY CTiHY, IO Ipajia
PO/Ib eKpaHa [/isl IepCOHAITy, SIKMIT 3[i/ICHIOBAB 30MpaHHs
MeTajiYHNX KOHCTPYKILili mifcuieHHA. PilleHHA Ipo CTBO-
peHH:A 3aXMCHOI CTiHM 3 6eTOHHUX O7IOKIB OY/I0 yXBa/IeHO Ha
OCHOBI aHa/i3y «l03a — 3aTpaTy — BUrofa». Pospaxynkammu
nepen6avanock, w0 3aXMCHa CTiHA Majla 3HU3NUTH IIOTIiK raM-
Ma-BUIIPOMIHIOBAaHHs B 2,5 pasa, ajne GpaKTUIHO piBHi ocma-
6/IeHHs TaMMa-BUIIPOMIiHIOBaHHSI 3HAXONVINCH B MEXaX Biff
1,8 mo 3,2 pasa. Y 4iZioMy IIpOBefEHHS TAKOTO 3aX0Ay Oyro
BUIIPaBJAHUM.

BukopucTaHH:A eKpaHyBaHHA IPUBEJIO KO 3HVKEHH A KO-
JIEKTUBHOI 0311 OIIPOMiHeHHS Hif| yac crabinisarii HecTabinb-
HMX KOHCTPYKLilt 06’exTa « YKputTTs» Ha 1,1 3B. IIpn npomy
6y/10 ITOKa3aHO, 110 Ba>K/IMBO peajIi3oByBaTH 3aXOAU 3 eKpa-
HYBaHHs B MiCI[IX POOOTH CIIeniamicTiB BICOKOI KBasiikarii
(3BaproBa/JIbHUKM, KpaHiBHUKM Ta iH.).

IIpoaHani3oBaHO JOLIiIbHICTh BUKOPUCTAHHS CIleLlialb-
HIX eKPAaHOBAHMX KaOiH /151 TPAHCIOPTYBaHHS [IEPCOHATY IO
30H BUKOHAHHS POOIT Iif] 9ac eMOHTaXy HeCTabi/IbHIX KOH-
CTPYKIIili, IO JaCTh 3MOTY CYTTEBO 3HU3UTH PiBHI OIIPOMi-
HEeHHA IIepCOHAy.

Kniouosi cnosa: paniauiitHuii 3axycT, eKpaHyBaHHsI, 00’ €KT
«YKPUTTs», JPKEPENo BUTPOMiHIOBaHHA.

B. B. Eropos, C. A. IlackeBuy, /1. 1. IlaBnoBckmnii,
O. B. banan

Hncmumym npobnem 6esonacnocmu ASC HAH Ykpaunu,
Yeproboinv, yn. Kuposa 36a, Yeprobuvinw, 07270, Ykpauna

OnpIT 1 NEPCNEKTUBbBI ICIIOIb30BAHN A
9KPaHMPOBAHN: IPU BHIIOTHEHNN paboT 1o
npeoGpa3soBaHNI0 00bEKTA «YKPBITHE» B IKOTOTMIECKI
Oe3omacHyI0 cucTeMy

IIpoBenen ananus 3¢peKTUBHOCTY MCIOIb30BAHMA
3aIUTHI HEPCOHANA OT MHTEHCUBHBIX MCTOYHMKOB OHU3N-
PYIOLIero M3Ty4eHus B 30HaX BBIIIOTHEHNs paboT Ha 06b-
exTe «YKpbITue». IlpencraBieHbl JaHHbIE O NPAKTUIECKOM
NpUMEHEHNN 3V THBIX 9KPAHOB IPY BBHIIOTHEHNN PaboT
0 CTabUIM3anuy HeCTaOM/IbHBIX KOHCTPYKLUUIT 00beKTa
«YxpoiTrie». O60CHOBaHBI MOJE/N IPUMEHEHNU s CIIeI[UaTb-
HBIX 3aIUTHBIX KaOUH A1 paboT 110 FEMOHTA)XY KOHCTPYK-
it 06'beKTa «YKPBITHE», KOTOPBIE ITAHNPYETCS BHIIIOIHATD
BCKOpe IOC/Ie BBOfIA B 9KCIUIYATAINI0 HOBOrO 6€3011acHOro
koH¢arinMenTa. [TokazaHo pelraoliee 3SHaAYEHIE VCIIOIb30-
BaHUs 9KPAHMPOBAHNS [i/Is1 3ALIUTHI IIEPCOHA/IA KAK OfHOTO
u3 Hanbosee 3¢ HeKTUBHBIX METOIOB CHVKEHM S KOJUTEKTUB-
HOI! TO3bI OOy YeHN .

Kniouesvie cnosa: pagyalyioHHast 3a1MTa, SKpaHUPOBaHIeE,
00DeKT « YKPBITIE», UICTOYHUK M3/TyIeHI.

Hapginmma 20.02.2019
Received 20.02.2019
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PamyoakTuBHBIE a3P030/IM OKOIO CKOIUIEHU I TAaBOOOPa3HBIX
TOIIMBOCO/IeP>KAaNIUX MaTepnanoB B momemenmm 012/15 o6 bekTa
«YKpbiTue» B 2017-2018 rr.

Kntouesoie cnosa:

00DbeKT «YKpbITHEY,
JTaBOOOpa3HbIe
TOIUH/IBOCOJIep)KaHH/Ie MaTepMaan,
PaiMoaKTUBHBIE a3PO30/IH,
00'beMHasI aKTUBHOCTD,
COOTHOILIEHNE PAJVOHYK/INOB,
AMAJIL.

IIpencrasienbl pafiMOHYKIMHBIA COCTaB U 006'beMHBIE AKTUBHOCTH a9p03071eri B 2017—
2018 rr. B momemteHuu 012/15 o6bekTa «YKpbiTHe». [Ipo6er oTOMpan B 5 M OT ceBep-
HOTO Kpast TaBOOOPasHBIX TOIMBOCOAepKamux Marepuanos (JITCM). YcranosneHo,
YTO CyMMapHas KOHIEHTpauus aspososeii-Hocureneir *°Sr + *°Y u '*Cs komnebanacn
B auamnasoHe 0,025-4,5 bk/m?. IIpu atom Ha oo *’Cs npuxopnnocs 54 %. [amma-crek-
TpOMeTpMYeCKe M3MEPEeHMA U pafitOXMMUYecKle aHa/lIn3bl IOKa3amm, 4TO yCpen-
HeHHbIe OTHOIIEHSI TPYAHOMETYYNX PASOHYKINAOB-IIPOAYKTOB aBapuu 4-ro 61oka
YepHOOBIIBCKOI aTOMHOII 97IEKTPOCTAHLIUI B a9PO30/IbHBIX MIPOOAX COOTBETCTBYIOT
cocraBy JITCM B moMemernn. 9TO CBUETENbCTBYET O npomnecce gecTpykuun JITCM
Y YaCTMYHOM IIepPeXO0fie MATEPUAIOB B a3P030J/IbHOE COCTOsIHME. VX HOCHTENsIMU OBIIN
a3pO30/IM C aKTMBHOCTHBIM Me[MaHHBIM a’spofMHaMudyeckuMm pumamerpom (AMA]L)

OKOJ/IO 4 MKM.

BBenenne

JIaBooOpa3Hble TOIIMBOCOTEPIKAIME MAaTePUAIbI
(JITCM), obpasoBaBIiecs: Ha BTOPOJI CTa[1I aBapuu Ha
4-m 6110ke YepHOOBIIBCKOJ ATOMHOI 97IEKTPOCTAHLINN
(HA3C) BecHoIt 1986 T., ABIAIOTCSA MCTOYHUKOM pajinia-
LIMOHHOI U pafuo3Koaorndeckoi onacHocru. Ilpu pac-
TeKaHUY JTaBa OKa3a/1aCh BO MHOTUX IIOMEIIEHNX, B TOM
qucie B IoJalmapaTHoOM IIOMEIEHUN (Ha BBICOTHOM
orMeTKe +9,00), B mapopacupeneTuTeIbHOM KOPULope
(na ormeTke +6,00), B 6acceriine-6ap6oTepe (Ha OT™MeET-
Kax +3,00 1 0,00) un gpyrux mecrax [1]. VI xots ¢ MoMeH-
Ta aBapuu 1 obpasosanusa JITCM nporuno 6onee 30 er,
CBefieHMIT 00 MX COCTOSIHUM, a TeM OoJiee [UHAMUKE pas-
pYLIeHNs, BCe ellje HeJOCTaTOYHO.

27 HOs6ps 2016 . «Apka» HOBOTO 6€30IaCHOTO
koHpartHMenTa (HBK) 6bl1a ycTaHOB/IEHA B IIPOEKTHOE

HOJIOKeHMe HaJ, 00beKTOM «YKpbITHe». 3aBeplieHme
cospanua HBK B 2018 r. o6ycnoBnuBaeT KapAauHab-
HOe MI3MeHeHMe pAfja paKTOPOB BHEITHETO BANAHNUA Ha
JITCM: npexpaieHne IOCTYIITIEHNA OCaJJKOB U3 OKPY-
JKAIOIIeil Cpelbl B MOMeIeHnsI 00beKTa «YKPBITHUEY,
CMellleHe CpefjHell CE30HHOI TeMIIepaTyphbl B 0ObeKTe
B IIOJIOKUTEIbHYIO CTOPOHY. B pesynbraTe nsMeHeHMA
TEeMIIEpaTypPHO-BIa)KHOCTHOTO PEeXMMa ITPOVCXOANUT
IIOCTENIeHHOE BbICHIXaHVEe BOSHBIX CKOIIJIEHNI U ITOHN-
JKeHJe BIa)KHOCTU Bo3fyXa B nomemenusax ¢ ITCM.
9TO, B CBOIO 04epeb, MOXKEeT IPUBECTH K 3HAUNUTEe/IbHO-
MYy IOBBILIEHNIO KOHIIEHTPalU paiioaKTUBHOTO a3po-
30714 B IOMEIIeHNUAX 00beKTa «YKpPBITHE» B pe3y/IbTaTe
BTOPMYHOTO IbllenofgbeMa ¢ nmosepxHocteir JITCM.
BmecTe c TeM OTCYTCTBYeT OffHO3HAYHOE MHEHIE O TOM,
KaK M3MeHEeHle TeMIIepaTypPHO-BIa)KHOCTHOTO PeXM-
Ma IOB/IMsAeT Ha cKopocTh merpamanyy JITCM. B atom

© A. C. JlaryHeHko, B. E. Xan, A. A. Ognanos, A. K. Kanunosckunii,
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ITaHe Ba)KHbIe UCCIeTOBaHNs PaSI0AaKTVBHOTO a9p030-
7151 6bUIY TIpoBefieHbl B 2014 1. B momeennu 012/15 6ac-
ceitHa-6ap6oTepa Ha oTMeTKe +3,00 00beKTa «YKPBITHEY,
KyJa nporeksa nasa [2]. [Ipo6sl asposons otOupanu Ha
Tpexcoitable GuabTpel [leTpsiHOBA. YCTaHOBIIEHO, YTO
CyMMapHas 00beMHas aKTUBHOCTb OeTa-U3/Ty4alolux
asposorneit (ZB)-Hocuteneit *°Sr + *°Y u '*’Cs koneba-
nach B guamnasone 0,2-3 bx/v>. I1pu aTom Ha fomnio '¥Cs
npuxopnnoch 30-40 %. CooTHOIIeHNe KOHIJEHTpaLil
7Cs/*' Am ~ 150. Hocutensmu paguoHyKINgoB ObLIn
asposonu KpynHee 1 Mxm. CpejHIEe COOTHOLIEHNU pa-
AMOHYK/INJOB-IPOAYKTOB aBapuu 4-ro 6moka YA9C
B 29pO30/IbHBIX NTpobax 1 obpasnax ITCM cymecTBeH-
HO pasnn4anuch. I1o MHEHMIO aBTOPOB IIyO/IMKALINN, 9TO
YKa3plBajio Ha HE3HAUYMUTENbHYIO flecTpykuuio JITCM
B nomerennu 012/15.

PesynbraThl, n3noxxeHHble B myOnukanun (2], cy-
>KaT OTIIPAaBHOV TOYKOI A1 Ba/bHENIINX CUCTEMaTH-
YeCKUX MCCIEeJ0BaHMIT BO3YIIHOM Cpefibl, B YaCTHOCTU
PaaMoaKTUBHBIX a3po3orneit, B noMmemeHun 012/15 npn
(baKTHUYeCKUX TeMIepaTypPHBIX, BITa)XHOCTHBIX, BO3-
NyXOOOMEeHHBIX, pafialliOHHBIX U IPYTUX YCIOBUAX,
CYIIeCTBYIOIUX B 00beKTe «YKPbITIE» IIOC/Ie Ha/|BUXK-
KM «ApKu». OTO NO3BONMNUT HOTYYUTh NHPOPMALNIO
0 BO3MOXXHBIX HETaTUBHBIX TEHMAEHIMAX ITOBEIEHM
JITCM, yXyAmaomnuxX pajuallOHHYI0 OOCTaHOBKY
BHYTpPU 00BEKTA.

[Tpennmaraemast paboTa BBIIIOTHEHA B IIOMELEHNN
012/15 B 2017-2018 rr.

Onucanne nmomenreHna 012/15 u HaxoxAEerocsa
taM ckomnenus JITCM

ITomemenne 012/15 pacnono)eHO Ha BBICOTHOI
orMertke +3,00 u Bxoput B cucreMmy bb-2 (puc. 1). JlaBa
MPOHMUKJIA CIOia U3 PaCIIONIOKEHHOTO BhIIIe MOMelle-
nusa 210/7. iccnemoBanus nomeniennit bb-2 n naxops-
muxcs B HuX JITCM mpencraBieHbl B MyOMMKaLMAX
[3-6]. Cxomnenne JITCM HaxoguTca MeXAy OCAMMU
477190 —48  wmpamgamu M, — K. Ero cesepubiii
Kpait Ipu coopy>KeHuu B 1986 . 06bekTa «YKpbITHE»
6511 327TUT 6€TOHOM, KOTOPBI IIOHUMAETCS HaJl TOTIOM
npuMepHo Ha 0,7 M. Bugnmas XonMucTas NIoOBepXHOCTh
CKOTI/IEHN S TOKPBITA TEM3000pa3HbIM C/I0€M TOJIIIN-
Ho11 okxoro 0,1 M. JITCM copepskarca Tak>Ke B IIATH Ia-
pocbpocHbIx TpyOax auamerpoMm 0,28 M, IO KOTOPHIM
7MaBa mocrynana B nomemenne 012/15. B cmexxHOM
nomemenny 012/14 JITCM 3anonHAIOT YeThIpe Mapoc-
OpocHbIe TPYObI, pacIIONOXeHHbIe MeX/y OcsiMu 46 u 47
u papamu K n JL.

Puc. 1. Ckonnenne ITCM B nomerennn 012/15

B cooTBeTCTBUU € IKCIIEPTHOIT OLIEHKOI [5] 06beM
CKOIIIEHM S cOCTaBsAeT 23 + 6 M. I1py moTHOCTY KOpIY-
HeBbIx JITCM 2,14 + 0,34 /M’ 1 copepxanum ypasna 9-13 %
€ero ob11jee KOMYIeCTBO B CKOIIEHUY OKOJIO 3 T.

Metoppl 1 cpefcTBa 0T60pa Mpo6 1 M3MepeHmit

A3p030711 0TOMPANUCH C TOMOILBIO BO3TYXOO0TOOPHM-
ka tra RadeCo H810 B TeueHMe CyTOK CO CKOPOCTBIO, 00e-
CIleyyBaIoOILell 3a BpeMsi 9Kcro3uiuy okomno 100 M® mpoka-
1BaeMOro BO3/yXa. VIcIo/b30BaIy MaKeThl, COCTOSIIVIE 13
¢unsTpoB ADA PCIIT-20 1 ACA PMII-20 mmomambro 20 cm?.
ITakeT ycTaHaBnMBamu B GUIBTPOIEpsKaTerie, KOTOPDIIL 3a-
KpeIUIs/IM Ha BXOJie IUIACTMACCOBO TPYObI C BHYTPEHHNUM
AMaMeTpoOM 2 CM 1 AJIMHOI okorto 4 M (puc. 2 u 3). Tpy6y
Jyepes pellIeTKY YCTaHAB/INBA/IN B IIPOXOJie MEX/Ty IIOMellle-
Husmu 012/16 u 012/15. B utore punsrpopeprxarens pac-
HOJIaTajICA B IPOCTpaHCTBe noMeeHns 012/15 mpumepHO
B 5 M OT CeBEpPHOTO Kpasi CKOIIJIEHYIS, T.€. YCIOBUsS IIPOOOOT-
6opa O Takme ke, Kak 1 B 2014 1. [2]. [Tocrie okoHuaHMs
ceaHca Ipo60oT6opa TPyOy BBITACKMBAIN, TAKETHI IEMOH-
TUPOBA/IN, GUIBTPBI OCMATPUBA/IM HA IPeMET BHEITHNX
HOBpG)KI[CHI/IIZ U B ITIOJINITU/IEHOBBIX ITAKETAX OTIIPAB/IAIN
Ha aHaJIN3.

VsmepeHne 6eTa-aKTUBHOCTH P0G BBIIOMHSAIN Ha
npu6ope PKb4-1eM depes 4-5 cyT, KOIrjja MOTHOCTHIO
pacnaganuch fouepHUe MPOAYKTBl pafloHa U TOPOHA.
B pesynbraTe onpepensnu cofep>kanue Xp.

[Nocnenyromye n3MepeHNsT pafMOAKTYBHBIX BEIIeCTB
BBIIIOJTHA/IV HA TAMMA-CIIEKTPOMETPIYIECKOM KOMIUIEKCE, CO-
CTOAIIEM 13 TIOTYIIPOBOJHMKOBOrO AerekTropa GL2020R n3
CBEPXUMCTOTO FepMaHys € GepyUINeBbIM OKHOM TO/IIIMHON
500 MKM 11 8192-KaHaIbHOTO aMIUIMTYIHOTO AHA/II3aTOPa VM-
ITy/IbCOB. VI3MepUTeIbHBIN AMaIla30H OXBaThIBA€T SHEPIUY OT
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10 o 1400 x3B. Jetektop nMeeT paspemenne 0,57 u 1,2 kaB
VIS SHepruii raMMa-KBaHTOB 122 k3B (ramma-mams *’Co)
1 661,6 k3B (ramma-maus '¥Cs) coorBetcTBeHHO. [1o pe-
3yJ/IBTaTaM M3MEePEeHNI pacCUNTBIBA/IN COfiepyKaHue B (QIIb-
tpax ¥’Cs, **Eun ' Am.
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Puc. 2. Pasmernenne cpencts or60pa npob asposoneir
B moMemeHmax 012/15 n 012/16

Puc. 3. Ot60op npob asposons u3 momemnteHus 012/15

IIBe mpo6bl aspososs, orobpanHble 20 ampens
n 17 mast 2017 1., ObIIN ellje IPOaHaIN3UPOBAHBI PaJIy-
oxmMMudeckumu Metogamu. IToce o3onenns mpoob, pac-
TBOPEHN 30/IbHBIX OCTATKOB /1 BBIJETIEHN S 3/IEMEHTOB
aKTMBHOCTBD *°Sr onpesiesisinm 6eTa-pagioMeTpUIecKuMu
u3MepeHuAMI, a 2*Pu, 2" 24Pu n *! Am — ¢ nmomobio
anb@da-CIeKTpOMeTPUIL.

B mepuopn nposefeHust oT60poB mpobd asapo30s
(mait 2017 r. — mronb 2018 T.) oCyIIecTBIANTACh HEIIpe-
pbIBHas UKCALNs 3HAYEHNIT TeMIIePaTyPbl X OTHOCH-
TeJIBHON BJIaXKHOCTY B ioMeieHny 012/15 mocpencTeom
perucrparopa Elitech RC-4HA/C, ycTaHOB/IEHHOTO B KO-
opnuHarax P°%/48 = (830 M oT MecTa mpo60oT6Opa).
C mapta o mait 2017 r. KOHTPOJIb 3TUX TAPAMETPOB BbI-
MOTHATICA C TOMOIIbIo TurpoTepmomerpa TH-mini ¢ BbI-
HOCHBIM JaTYVKOM TeMIIePATyPbl-BIaXKHOCTL.

Pesynbrarsl ncciegoBaHuil

PesybraThl pafIoMeTpUYECKIX V1 FaMMa-CIIeKTpoMe-
TPUYECKUX U3MEpPeHNit P06 aspo3osiell, OTOOpaHHbBIX U3
nometieHns 012/15, npuseneHsl B Ta6s. 1. 3a nepuon Mapt
2017 . — cents16pB 2018 I. 66110 OTOOpaHO 18 TIPOO.

B nmepuog ¢ mapTa 2017 1. 1o ceHTA0pH 2018 T. Hau-
6ornee Bbicokye KOHIeHTpanuu ’Cs B BO3fiyXxe IoMe-
meHus 012/15 sapeructpuposansl 22 ¢espans 2018 r.,
a Hanbonee Hu3kue — 13 centsa6ps 2017 r. 3a Bech Ie-
proz HaOMoeHN A BeNM4YHa X3 BapbupoBasa B AMara-
30He 2,5 - 107-4,5 bx/m’, ¥’Cs — 1,0 - 1072-2,5 Bbx/m’.
Takum 06pasoM, MMHMMAaIbHbIE Y MAKCYMAaIbHbIE 3Ha-
4eHMsI aKTUBHOCTY Kak ’Cs, Tak 1 L3 pa3nmuyanuch Ha
IBa MOPSAKA BeIMYMHBL VI3-3a HU3KMX KOHIIEHTPALNI
onpenenuTb *'Am u **Eu Bo Bcex 0TOOpaHHBIX IIpobax
Ha II0JTyIIPOBOHMKOBOM CIIEKTPOMETpe He y/janoch. I1o
pesy/IbTaTaM OTAEIbHBIX P00 aKTMBHOCTDH **'Am He
npesbicuna 3,8 - 107 bk/m?, a **Eu — 5,6 - 10~ bk/m’.

YcpenHeHHbIe 3HaYeHUst KOHLeHTpanuit 'Cs u Zf8
3a Bechb mepuoj HabmogeHus cocrasunu 0,29 bx/m?
n 0,49 bx/m’ cooTBeTcTBeHHO. |14 cpaBHeHus, B 2014 1.
yCcpejHeHHOe 3HadeHMe KoHIeHTpanuu “*’Cs ObII0
0,34 bx/m?, a ZB — 1,1 Bx/m* [2].

B 2017-2018 rT. cpefiHee 3HAUEHVE OTHOILIEHUTI KOH-
nenrtpanuit ’Cs/Xp = 0,54. VI3 nony4eHHO BeTMYNHBI
OTHOIIEHMUA CTIefyeT, 9To BKaaj 'Cs B cymmy bera-us-
NYYaoIUUX HYKIUJOB-IPOAYKTOB UepHOOBIIbCKOIL
aBapum cocTtaBnAn 54 %. Ilpndem B 2017 1. 9TOT BKIA[,
coctaBui 45 %, a B 2018 r. — Bo3poc 1o 64 %. [l cpas-
HeHM, B 2014 r. BKmag ¥’Cs B cyMMy 6eTa-M3/Tydaromux
HYK/IMIOB-IIPOAYKTOB YepHOOBIIbCKOII aBApUM COCTAB-
a1 37 % [2].
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Ta6muma 1. XapakTepucTHKY pai0aKTUBHBIX a9PO30JIei
B omemiennn 012/15 o6bexra «YkpoiTue» B 2017-2018 rr.

B OoTnmn4yme OT BIAXKHOCTU cpeuHecyTquaH TEM-
nepaTypa Bo3ayxa B moMemnteHuy 012/15 6bi1a oTHOCHK-
TEeJIbHO CTaOM/IbHAS B TeUEHNe BCETO Tepuo/a Haboze-

Iarta Konuenrpauus, bk/m? ¥ Cs/3p Huii. Berep 3a HacTyIIeHMEM XOMTOJHOTO IIEpPHOfia Tofia
or6opa | WCs | "™Eu | *'Am | 3B oHa omyckanachk ot 12 o 7 °C, a B TeIIblii epnop, Kor-
2017 . Ia IPOUCXOAWII IPOrpeB 00beKTa «YKPBITIE», BO3pac-
21-22.03 | 0,15 - - 0,25 | 0,60 | tasmapmo 11-12°C. Takoit peskxuM obecrednBancs orpom-
19-20.04 | 11 ]29-10%[39-107] 13 0,86 HOJI MacCoit GETOHHBIX U META/INYECKUX COOPY KEHMI
16-17.05 |8,9-102]3,0-107]1,6-10°| 0,20 0,45 06bexTa «YKpBITHE» U PACHONIOXKEHVEM IIOMeLIeHsI
13-19.06 |8,1-107 - - 0,30 0,27 012/15 Ha BbICOTHOII OTMeTKe +3,00, Tfe BO3ZyX006MeH
24-25.07 [3,0-1072 - - 8,5-107| 0,35 ObL/T HE3HAYUTETbHBIIL.
28-29.08 [4,3-107 - - 0,18 0,24
12-13.09 | 1,0 - 1072 - - 3,3-10| 0,30
25-26.10 0.15 ~ ~ 0.47 0.32 Cs, br/m? OTHoCHT. BIaskHOCTB, %
15-16.11 | 6,1 -10 - - 9,5-102| 0,64 25 K—J—L 4 }&- 100
2018 . Al \NEFEK K
17-18.01 [8,8-102] - - 021 | o042 | ""f:’ AL a #
212202 | 25 |56-10°[38-107| 45 | 056 | 15 +—f A r 60
15-16.03 |6,7-102] - - |74-102] 091 A A | [}
13-14.04 | 0,14 - - 0,16 0,87 T A ] ay #
16-18.05* | 1,8-102| - - [26-102] 069 | 05 +{h s 20
05-06.06 | 0,57 - |zra0e] oet [ 093 | 1Q Ho LAk | A 1aldl Slobl 8
05-06.07 |2,2-10%| - - [65-10%] 034 A Oyl B b B 0, 8 Set B0 g g 0 o0
14-15.08 [50-102| - - 0,19 | 026 SEEREEREEERREEERIER
06-07.09 |2,8-102| - - |37-102| 076 gig 2 8 §\§L§%%§§§§§ 2828
5 Exmégoﬁﬁmgz ES‘“E
*16-18.05.2018 asposomu OTOMPAIICh B TeUeHNe 2 CYT = + 5 (25 T g™ »é: < = 8
(200 M® mpoKaYaHHOTO BO3AYXa). | e PG S—————— I

JuHamMuka 06peMHOIT aKTUBHOCTY a3pO30JIeii-HO-
cuterneit ’Cs B Bo3gyxe nomemenns 012/15 u cpepHe-
CYTO‘{Hble 3HAaYeHUSA OTHOCUTEIbHON BJIaJKHOCTU, Ha-
OmroaemMble B IEPUOAbI TPOOOOTOOPOB, MPeCTaBIEHbI
Ha puc. 4. OTHOCUTeNnbHAA BI)KHOCTb BO3JyXa B IIOMe-
meHnn 012/7 B mepuopbl Ipo600TOOPOB BapbupoOBaIa
ot 50 10 97 %. [l1s1 cpaBHEHUs, B IEPUOJ, HAOTIOEHII
B 2014 r. OTHOCUTE/IbHAA BIaXXHOCTb BO3/IyXa B IIOMe-
menuu 012/15 Bappuposana ot 30 fo 90 %. Hanbomnee
HM3KOe 3HaYeHVe OTHOCUTEBHON BIaXKHOCTU 3adUK-
CUPOBAaHO B IOCIefHel fekasie peBpans 2018 . — 26 %.
Boicokas BnaxHOCTH (0komo 93-97 %) 3abukcupoBaHa
B aBrycTe—ceHTsA6pe 2017 r. u B moHe—umione 2018 r.,
KOT7Ia CPefHeCYTOUHasI TeMIlepaTypa B aTMocdepe OKpy-
JKaromiel cpefbl gocturamna 24-27 °C.

Kax cnegyet us puc. 4, cpaBHUTEIBHO Majible SHAYEHN
B/IQYKHOCTM BO3[JyXa COOTBETCTBOBA/IM B OO/BIIMHCTBE
Clly4aeB BBICOKOJ KOHI[EHTPALMM PaZMOAKTHBHOTO
aspo3ond. Bricokme 3HaYeHMA BIAKHOCTU COBIAIN
II0 Bp€MEHN C HU3KVMMM 3HAYEHUAMU KOHLEHTpaLnn
PafgoaKTUBHOTO a39PO30JIA.

Puc. 4. O6'peMHast aKkTMBHOCTD aspo3soneii-Hocuternei *’Cs
¥ OTHOCUTE/IbHAS BIAXKHOCTD B ToMentennn 012/15
B 2017—2018 rr.

[Ipo6sI aspo3sosst, otobpannbie 20 anperns u 17 mas
2017 r., a takxe 22 ¢espans u 6 umoHa 2018 r., mocre
raMMa-CIIeKTPOMETPUYECKUX M3MEPEHMIT ObIIN IPO-
aHa/IM3MPOBAHBI PafiNOXUMIIECKUM MeTooM. ITomy-
YeHHbIe Pe3y/IbTaThl C HEOIPefle/IEHHOCTDIO MI3MepeH s
+(10-30) % npuBeneHsI B TA0OI. 2.

Tabnuua 2. Copepxanue (Bk, Ha mpooGy)
%0Sr ¥ TpaHCYpaHOBBIX 37IEMEHTOB B 23P030JIe
nomemienng 012/15 B 2017-2018 rr.

HaTa 9OSr 238Pu 239+240Pu 241Am
orbopa
20.04.2017 54 58-107 0,14 0,24
17.05.2017 2,5 2,6-107%| 55-107 0,11
22.02.2018 99 0,69 1,4 3,8
06.06.2018 21 0,12 0,26 0,71
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Ta6nuna 3. CooTHOLIEHN I paJMOHYKINIOB B MP0o6ax a3po30iisa u3 nomemenns 012/15

Jata ot6opa | ¥’Cs/*'Am | Cs/**Eu | *'Am/>*Pu | *!Am/?**?*Pu | *!Am/"™*Eu | *Sr/**Am | *°Sr/**Eu | "Cs/Zp
20.04.2017 280 3800 4,1 1,7 8,3 22 190 0,86
17.05.2017 82 - 4,2 2,0 - 23 - 0,45
22.02.2018 66 450 5,5 2,7 6,8 26 180 0,56
06.06.2018 80 - 5,9 2,7 - 29 - 0,93

Ta6muna 4. CoorHomenus paguoHykmupoB B JITCM u3 nomemenus 012/15
HaTa 137Cs/241Am 137CS/154Eu 241Am/238Pu 241Am/239+240Pu 241Am/154Eu QOSr/241Am 9OSr/154Eu 137CS/ZB
01.07.2017 10 81 3,6 1,7 7,7 23 190 0,23
01.07.2018 9,7 86 3,7 1,7 8,4 22 200 0,23

ITo maHHBIM, IPUBEEHHBIM B Ta0/. 1 1 2, paccunTa-
HBI COOTHOLICHM I PaJVIOHYK/TUIOB B HEKOTOPBIX IIpo6ax
asposons 3 nmomeleHus 012/15 (ta6n. 3).

s comocrabnieHns pafMOHYKINIHBIX COCTaBOB
asposona u ckonnenna JITCM B momemennu 012/15
B Ta0/I. 4 IpUBe/leHbl COOTHOIIEHNS PAaSVIOHYKIN/OB
B JITCM o cocrosanmio Ha cepeguny 2017 I. 1 cepeuHy
2018 r. JJaHHBIE COOTHOLIEH TIOTyYeHbI U3 6a3bl JaH-
HBIX OTZHeNeHNUs sITePHON U pafiMallIOHHO 6€30IacHo-
ctu ITIb ADC HAH VYxkpanns! u [1].

AHanu3 JaHHBIX, IPUBEICHHBIX B Tabn. 1, 3 u 4,
ITI0Ka3bIBAET, UTO B a9PO30/IAX BEJINYMHBI OTHOLIEHUIA
TPYAHONETY4YNX PaJMON30TONOB COOTBETCTBYIOT CO-
CTaBy /laBbl B IOMeNIeHNN. PacXoxXaeHus BeIU4MH
CBA3aHBI KaK C HEOIIPeleIEHHOCTBIO MI3MEPEHU I, TaK
U HEOLHOPOZHOCThI0 cocTaBa JITCM B momemieHun
012/15. Ha mocneguuit paktop 661710 06paleHo BHU-
MaHIe ellle B myOnukanusax [6, 7.

Ha ocHOBaHNM yKa3aHHBIX BbIIIE COBIIAJICHNII Be-
JANYMH OTHOIIEHUIT MOXKHO ClIe/IaTh 3aK/IIOYEHIE O TOM,
4yTo B nomemeHnn 012/15 BemecTBME 3pO3UN IIOBEPX-
HocTu JITCM mponcxonut reHepanusa paguoakTHBHOTO
a3p030/1:1, KOTOPBII MOMA/JaeT B BO3AYIIHYIO CPefy IO-
MellleHns1. OTOT MeXaHM3M NIOATBEPXK/IAeTC s pe3yIbTara-
MM OIIpefie/IeHN A OVCIIEPCHOCT a9PO30/IbHBIX YaCTHII,
npuBeIeHHbIMHU B pabore [2].

BmecTe ¢ TeM comocTaBieHMe COOTHOIIEHUN
B7Cs/"*Eu, "Cs/Zp u *’Cs/**' Am B JITCM ¢ paguony-
KJIMJHBIM COCTaBOM a3P03071 TOKA3bIBAET, YTO Ha IIPO-
TsoxeHun 2017-2018 rr. asposonsb B nomemterun 012/15
66171 060ramieH ’Cs OTHOCUTEIBHO COCTaBa HAXOMALMX-
cs1 3nech JITCM, uto Habmoganock u panee [2].

ITockonbky JITCM 6bl1u 06egHEHBI pafyoLe3lieM
B Ipotiecce 06pa3oBaHusI IaBbI U €€ PACTeKaHUs 10 T10-

MEIIECHMNAM O6"b€KTa <<prbITI/[e», TO UICTOYHUMKaMMI OO-
HOTHUTE/IBHOTO 11e3Ms1 ABIAIOTCS adpPO30/IN-HOCUTENN
1¥7Cs. 9111 a3p0307111, BEPOATHO, 00PasyIOTCs B pe3y/IbTa-
Te IeCTPYKIL MY IOBEPXHOCTEII, Ha KOTOpbIe paHee COpOu-
POBATNCh YaCTUIIBI-HOCUTENV KOH/IEHCAIIMIOHHOTO 113N 51

J1cnepcHOCTD pafiMOaKTUBHBIX a3po30ell

Jlns ompesienieHNA IMUCIIEPCHOTO COCTaBa PAIMOAK-
TUBHOTO a3p030/1s1 B HoMeltieHyu 012/15 6bIT BBINONTHEH
ot60p pobsI Ha 5-KacKagHblil uMmakrop VIBO-5K. 9to
YCTPOJCTBO OCYIIECTBIIET COPTUPOBKY a9PO30/IbHBIX Ya-
CTHUI] IO IIATY AVIAIIA30HAM ad9POAMHAMITIECKOTO AVaMe-
tpa (Al): <0,5 mxm; 0,5-1,2 MKM; 1,2-3,7 MKM; 3,7-8,5 MKM;
8,5-17,0 mxm. B kagecTBe maToit crynenu (<0,5 MKm) mc-
HO/Ib3YeTCS1 A3PO30/IbHBIN ACIVPALVIOHHBIN (QYIIBTP, YTO
103BOJIAET 6OJIee TIOJTHO Y/IaB/INBATh A39PO30/M CyOMU-
KpOHHOro pasMepa. CrielyeT OTMeTUTD, YTO CyMMapHbIe
3HAYeHNA aKTUBHOCTI a3P030JIs, OCEBIIET0 Ha IIOBEPXHO-
CTM IUTACTUH KaXK/JOJ CTYTIeHN MMIIAKTOpPa, KaK IIPAaBIUJIO,
HIDKe 3HAUEHUT], IOy YeHHBIX C IIOMOIIBIO ACTIVPALIVIOH-
HBIX YCTPOMCTB. DTO 0OYC/IOBIEHO KOHCTPYKTUBHBIMU
0CcO6EHHOCTAMY CaMOTO MIMIIAKTOPA, OTPAHNYNBAIOIIETO
HOIaJaHNe B HETO KPYIIHBIX YacTHUI] pecrnypabenbHOI
¢dpaxnun asposons (g VIB®-5K ot 17 MKM 1 Bblle).
B MHTerpanpHbIX >Ke aCHMpPALMOHHBIX YCTPOJICTBAX Ha
buIbTpax OCaXKIaeTCs a3pO30/Ib ropasyo 6osee MMPOKOTo
IaTIa30Ha a9POIMTHAMIIECKOTO IaMeTpa.

Vcxops 13 akKTMBHOCTY PA/IOHYK/IN/IOB, Ha KacKaax
VIMITAaKTOPA ObI/I paCcCYMTAH aKTUBHOCTHBII MeIMaHHBIN
aspopuHammaeckuii fuametp (AMAJ). [TonydenHsre pe-
3y/IbTaThl IpuBefieHbI B Tab/1. 5. Kak crenyer 13 tabmuisl,
pacripefiefieHne paioaKTVBHOTO a3pO307IA TI0 pa3MepaM
JaCcTUIL] XapaKTepu3yeTcsi GMMORANIbHOCTBIO. Tak, HocuTe-
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Ta6muuna 5. [[ucnepcHbIil COCTaB Paf0aKTUBHOTO a3po3onsa-Hocutens *’Cs u 2! Am
B momemenuu 012/15 (3a mepuop 09.10-17.10)

O6beMHas aKTMBHOCTD B imanasonax AJl, Bx/m? CymmapHas
Hyxnnz Oii?;:fm AMAJ,mMkm | XB,Bx/m?
17-8,5MkM | 8,5-3,7MxM | 3,7-1,2MKM | 1,2-0,5MKkM | <0,5MkM | HOCTB, bk/M?
137Cs 5,7-1072 4,4.1072 2,8-1072 8,2-1072 7,4-1072 2,9-10 1,0 50.10-1
241Am 1,5-10°3 8,7-10 5,0-10~ 1,2-10°3 7,2-1074 4,8.10°3 3,5 ’

My > Am 6butn yactuibl ¢ AMA]T 3,5 MKM, a HOCUTENA-
mu ¥’Cs — asposonu 6oree 4eM B Tpu pasa Menbue (AMA]]
1 mxm). Hactuupl, copepkamue *'Am, Ha OCHOBaHMMU
Ipe/ICTaB/ICHHBIX BBIIIE Pe3y/IbTaTOB PaINOXNMIYECKIX
MICCTIEIOBAHNII CTIeflyeT pacCMaTpUBATh KaK IPOMYKTHI Jie-
crpykuyn JITCM, Haxopsamuxcs B nomerennn 012/15.

Hannune '*’Cs Ha Bcex Kackafiax MUMIAKTOpa, U3-
OBITOYHOTO, OTHOCUTEIBHO €r0 COIEP>KaHMsI B TaBe (CM.
Tab1. 4), 00BACHACTCS IPUCYTCTBUEM €TI0 MHAWBUAY-
aJIbHBIX a3pO30JIbHBIX HOCUTEIeN B BO3JyXe IoMellle-
Hus. Kak ykasaHo Bbllle, TAaKOJ a3p030/Ib, BEPOATHO,
06pasyeTcs B pe3ybTare AeCTPYKLIUM TOBEPXHOCTEIL,
Ha KOTOpble paHee COPOMPOBANTNCh YACTULBI-HOCUTENN
KOHJI€HCAIIMOHHOTO IIe31s.

EcrecTBeHHO, pa3enuTh MOJbl HEBO3MOXXHO, M03-
TOMY BK/IaJ NpofyKTos gectpykuum JITCM B pacmpe-
IeneHye aspo3oysi-Hocutens *’Cs mo pasMepam 4acTuIy
cmenaeTr AMA]T mocenHero B CTOpoHY G0Ibliielt Benudn-
HbL [TosTomy, ucxons us nomrydenHoit Bemmauasl AMA]L
U YTBEP>K/EHNUSA O AUCIIEPraIiIOHHOM MeXaHy3Me 06pa3o-
BaHMsI YaCTUL MUKPOHHOTO K1acca [8], MO>KHO mpepIio-
JIaraTh, 9YTO MICTOYHMKY 0Opa30BaHsI a9PO30/Is1-HOCUTEIST
1[e3VsI HaXO#ATCA 3a Impepenamu momernenns 012/15.

Wccneposanus, nposenenHble B 2014 r., mokasanm,
4TO HOCUTeNsAMU X3 Hambosee 4acToO OBIIM YaCTUIIBI
¢ AMA] ot 0,8 1o 4 mxm. JIuib B opHoit pobe AMA]T
MmpeBbINIan 8 MKM, a B IiecTu 6601 0,4 MKM 1 MeHee [2].
Pesynbrathl nccnefoBanmii, BRIIOTHEHHBIX B 2018 T, TIO-
Ka3bIBAIOT, YTO AVCIIEPCHBII COCTAB HOCUTEIEN PaIOHY-
K/IMIOB-TIPORYKTOB YepHOOBIILCKOI aBapuy He IIpeTep-
IeJI CyLeCTBEHHBIX M3MEHEHMIA.

BoiBoabl

1. Ha nporsxennu 2017-2018 rr. B moMelieHUn
012/15 o6bexkTa «YKpBITHE» OTOOpPAHBI U IIpOAHAIN-
3MpoBaHBbl 17 Mpo6 pafjuOaKTUBHBIX a9P0O30JIeH-IIPO-
NYKTOB UepHOOBIIbCKOI aBapui, IpU 3TOM BeTUUN-
Ha X[} BapbupoBaja B AuamasoHe 2,5 - 102-4,5 bx/M?,

¥7Cs — 1,0 - 10-2,5 bx/M’, akTMBHOCTD **'Am He mpe-
Bpimana 3,8 - 102 bk/m?, a **Eu — 5,6 - 10~ bx/m*. O61-
eMHas aKTUBHOCTb a9p03071 110 ¥/Cs 11 X B moMeleHum
B 2017-2018 IT. Ip¥MEPHO COOTBETCTBYET 3HAYEHUAM,
HOJTyYeHHBIM K HabmofgeHnsax B 2014 .

2. CooTHOLIeHUs TPYAHONETYINX PaIOHYK/INTOB
B IIpo6ax aspo3oysi Bo3ayxa u B ckorvienyu JITCM B mo-
merernn 012/15 uMeI0T COBIaiarolyie 3HAY€H IS, YTO CBU-
TeTeNbCTBYeT O pa3pyLIeHNN JIaBbl ¥ CIIOHTAHHOM Iiepe-
Xofie IPOAYKTOB JeCTPYKIMN B a9PO30/IbHOE COCTOSIHUE.

3. Ha nmporsxennn 2017-2018 IT. a3po307b B I1O-
memeHun 012/15 6p11 oboramen *’Cs OTHOCUTEIBHO
cocraBa HaxopAmuxcA sgech JITCM, 4To Hab/II00a/10Ch
u paHee. VICTOYHMKAaMM JOIOTHUTENTbHOTO LIe3Ms SB-
NA0TCA adpo3onu-Hocutenu *’Cs, KOTopble, BEpPOATHO,
00pa3yIoTcs B pe3y/ibTare AeCTPYKINY IOBEPXHOCTE],
Ha KOTOpble paHee COPOMPOBAINCH YaCTUIBI-HOCUTENN
KOH/IEHCALIVIOHHOTO IIe3MA.
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PagioakTuBHi aepo3omi 6ing cKymueHHA
TaBONOAiOHNX MATNBOBMiCHIX MaTepianiB
y npumimenHi 012/15 o6’exra «YKpUTTA»

y 2017-2018 pp.

IpencraBneHo pagioHyKIiZHMIT CKIaf i 00’€MHI aKTVB-
HOCTi aepo307iB Ta IXHiX BMIajfaHb y mpuMimenni 012/15
o6’ekra «YkpurTsi» y 2017-2018 pp. IIpobu Bigbupanu B 5 M
BiJl MiBHIYHOTO Kpalw CKyIYeHHS JIABOIIOAIOHMX Ia/IMBO-
BMicHMX Marepiani (JI[IBM). YcraHoBIeHO, 0 cymapHa
KOHIIeHTpalLig aepo3oniB-HociiB *Sr + *°Y i '¥’Cs xonusana-
ca B giamasoni 0,025-4,5 bk/M’. [Ipu npomy Ha dactky *'Cs
npumnajgano 54 %. I'aMMa-cIeKTpOMETpMYHI BUMIipIOBaHHA
1 pafioxiMiuHi aHa/misyM NOKasany, IO CepefHi CIiBBiJHO-
LIEHHA Ba)XKOJETKMX PafiOHYKIi/liB-IPOAYKTiB aBapii 4-ro
6moka YAEC B aeposonpHUX Ipobax BiAIOBIAAIOTH CKIALY
JITIBM y npumitenHi. e cBigunTs npo Te, 1o BigbyBaeThCs
pectpykuisa JIIIBM i yacTkoBmii nepexip mMarepianis B aepo-
30/IbHUI CTaH.

Kmiouosi cnosa: 06’€KT « YKPUTTsI», TaBOTIOAiOHI
MTaIMBOBMICHI MaTepiai, aepo30i, 06’eMHa aKTUBHICTb,
CIiBBiIHOIIEHHSA PafiOHYKIIifIiB.

O. S. Lagunenko, V. E. Khan, O. O. Odintsov,
O. K. Kalinovskiy, V. P. Kovalchuk,
T. A. Kravchuk, O. V. Filippov, M. M. Popov

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

Radioactive Aerosols near Lava-Like Fuel-
Containing Materials in Premise 012/15
of the Shelter Object in 2017-2018

Data on the radionuclide composition, volume activi-
ty and dispersity of radioactive aerosols taken in 2017-2018
in room 012/15 of the Shelter object, into which the lava-like
fuel-containing materials (LFCM) flew after the accident, are
presented. Relative air humidity in the room 012/15, depend-
ing on a year season, was varying from 50 to 97 %. During
a day, sometimes it was changing at 5-10%. High humidity
(about 93-97 °C) was registered in summer period, when mean
daily temperature in the environmental air reached 24-27 °C.
In majority of cases, relatively small value of air humidity cor-
responded to high concentration of radioactive aerosols. High
humidity values coincided in time with low values of radioac-
tive aerosol concentrations. Mean daily temperature of room
012/15 air was relatively stable during all survey period. Af-
ter cold period of year came, it dropped from 12 to 7 °C, and
in warm period, when the Shelter object was heated, it grew up
to 11-12 °C. Such a mode was provided by a huge mass of con-
crete and metal structures of the Shelter object, and due to the
fact that the room 012/15 is located at height elevation +3.00,
where air exchange is negligible. It was stated that concentra-
tion of beta-radiating aerosol-carriers (*°Sr + *°Y and ¥’Cs)
was fluctuating with the range 0.025-4.5 Bq/m’. Besides,
¥Cs share made 54 %. Gamma-spectrometry measurements
and radiochemical analyses have demonstrated that average
ratios of semi-volatile radionuclide-products of Chornobyl
Nuclear Power Plant Unit 4 accident in aerosol samples com-
ply with LFCM content in the Shelter object rooms. It testifies
that LFCM destruction and particular transfer of materials
in aerosol state occurs. Their carriers were the aerosols with
activity median aerodynamic diameter (AMAD) larger than
4 pm. During 2017-2018, aerosols in room 012/15 were en-
riched by '¥’Cs relatively to LFCM located in this place, as it
was observed earlier. The sources of additional cesium are
¥Cs aerosol-carriers producible, apparently, as result of de-
struction of surfaces, on which, particles-carriers of conden-
sation cesium were sorbed earlier. Their carriers were the aero-
sols with AMAD 1 um.
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Trnemumym npobnem 6esnexu AEC HAH Yxpainu, éyn. Kiposa, 36a, Yoprobunv, 07270, Ykpaina
2JTabopamopis memponoeii JJCIT «Qoprobunvcokuti cneykombinamy, eyn. Padaucoxa, 72, Yoprobunv, 07270, Yxpaina

IlepiopnYHOCTI y CUTHa/IaX JOBroTpMBaINX BUMipIOBaHb
ramMa-¢GoHy B YopHOOMIBCHKili 30Hi BifUy>KeHH

Knrwuosi cnosa:
ramma-QoH,
MOHITOPVHT,
nepiofinyHi 3MiHN.

Y soni Biguyxenns HaBkono Yopuobunbcekoi AEC ¢yHkuionye aBroMaTnsoBaHa
CUCTEMM KOHTPOJIIO PafiialiiiiHOI CTaHy, Y CK/IaJii AKOI JeCATKM JEeTEKTOPiB, PO3TaLIO-
BaHUX II0 BCiit 30-KiToMeTpoBiit 30Hi. IIOKasHMKM [eTEKTOPIiB Pery/nsipHO (iKCyIOTh
i36epirafoTp y 6asi gaHux. Y peryisipHUX BUMIPIOBAHHSAX IIOTY>KHOCTI [03M raM-

Ma-(OHY BUSBJIEHO SIK SIBHI Ce30HHI (3uMMa — JIiTO), Tak i mpuxoBaHi, 6inbII KOPOT-

KoIlepiogu4Hi 3MiHM IHTEHCHBHOCTI raMMa-(oHY, cepel IKUX 0COONMNBO ITOMITHUMU

€ po6osi 3minu. Illo6 foBecty, 10 BusBIeH] [OOOBI 3MiHNM He OBsI3aHi 3 MeTEOYMO-

BaMI 41 0COOMMBOCTAMNU PO6OTH amaparypy, IpOaHa/NTi30BaHO CUTHA/IM Bif KilTbKOX

IeTeKTOpiB 3a mepiox 3 1-15 TpaBus 2018 p. 3po6IeHO BUCHOBOK, IO CIIOCTEPEXKEHI

nepiofuyHi 3MiHU CUTHAJTY He € allapaTypHUMU edeKTaMIL.

Beryn

YopHOOMIbCbKA 30HA Bif4y)XKeHH:A i 000BA3KOBO-
TO BificeleHHs Oy/a yTBOpeHa Mic/sl pajjioaKTMBHOTO
3a0pyHEHHS 3HAYHOI TepUTOpii B pe3ynbraTi aBapii
Ha 4-my eHepro6moui Yopuo6unscpkoi AEC (HAEC)
y 1986 p. CporopHi y 30-KioMeTpoOBili 30HI HaBKOJIO
YAEC posramosani nyaktu koutpomo (IIK) aBroma-
TH30BaHOI CUCTeMM KOHTPOJII pajiallifHOTO CTaHy
(ACKPC), KinpKicTh IKMX 30i/bIlIeHa TOPiBHSHO 31 3BU-
YJalfHUMM CHCTEeMaMM KOHTPOJIIO pafialliffHOTO CTaHy
HaBKOJIO aTOMHUX €leKTpocTaHLil. [laHi mpo piBeHb
raMMa-QOHY peryasapHoO, KOXHi 15 XB, IepelaloThCsA
CHICTEMOIO Ha cepBep. Y pe3y/bTaTi iCHye MOX/INBICTD
PEeTPOCIEKTNBHOIO aHa/li3y pa/liallifiHOTO CTaHY.

AmHais Takux 6araTogo60BUX BUMIpIOBaHb BUSB-
nse (1, 2], mo icHYI0Tb JOCUTD ITOMITHi Bapiallii 3Ha4eHb
ramMMa-(oHY, AKi MOTPeOYI0Th HMOACHEHHA. Y Mepury
4epry Lje Ce30HHi 3MiHM, AKi € O4iKyBaHUMI, 60 ix ner-
KO IIOB’SI3aT¥ 3 TAKUMM IIPUPOZHUMU (PAKTOPAMM, K
€KpaHyBaHH: ITOBEPXHI 3eMIIi, e, BIaCHe, pO3TalllOBaHi
pagioHykmigu, Bosororo uu cHirom. Kpim roro, sadikco-

BaHO iCHyBaHHA HEC€30HHUX MEPIOAMYIHNUX 3MiH, Cepef
SAKUX HalOiNblI BUPAasHUMU i HaltO1/IbII CXOXKMMY Ha
«OYeBUIHUI» BIUIUB HOOOBUX 3MiH METEOYMOB € pery-
NSpHi 1060Bi 3MiHN IHTEHCUBHOCTI CUTHATy — 3HaYeHb
HOTY>KHOCTI 031 TaMMa-(OHY.

151 po6oTa nmpucBsYeHa MOMYKY BifIOBi/i Ha 3amu-
TaHHs, YU MOXKHA CIIOCTepeXXeH NIt T0OOBUII Xiff cCUTHaTY
HOACHUTU HOOOBUMU 3MiHAaMI METEOYMOB, SIKi 3yMOB-
JIIOI0Th BiAITIOBiHI 3MiHY B po6OTi anaparypu. Bussneni
MepiogMYHI 3MiHM CUTHATy NPOABIAIOTCA HE 3aBXKAMN.
SIx mpaBuIo, iX 4iTKO BUAHO Yy JiTHIiN Nepiof, a B OCiH-
HbO-3MIMOBMII BOHU CTaOLIAIOTh JO IOBHOTO 3HUKHEH-
HA. Bapianii sHaueHb ramma-QoHy, 1o gy>ke Harapy-
I0Th aMIUTITY[JHY MOAY/ALIiI0, 4aCTO 3HAXOHATbCA Ha
piBHIi mymiB, i edekT mosABM HMepioguIHOCTEN y CUTHAII
(AKmit B imeasi MOBMHEH Oy T ITyacCOHiIBCHKOIO IIyMO-
BOIO IOPi’KKOI0), IK IPaBUJIO, MO>KHA BUSABUTH JIVIIE
3a JOIIOMOTOI0 TaKMX CIelia/IbHMX METO/iB IIYMOBOTO
aHari3y, SIK, HAIIpUKJ/Iaf, BeliBneT-aHani3. OgHaK iHKO-
IV BeTM4IMHA eeKTy CTae HaCTi/IbKM Be/IMKOIO, IO caM
CUTHAJI BUITIAJAE SIK TPOXM 3allyMyieHa cuHycoifa. Ha
LYMKY aBTOpiB, caM (aKT iCHyBaHH:sA e(eKTiB TaKoi
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BENIMYMHMY 1 MOXX/IMBOCTI IXHPOTO HaJifIHOTO aHami3y
JAIOTh BIJINOBiflb HA MIOCTaBJIEH] BUIIE 3alIUTAHHS PO
Ipupoxny iXHboi HoABM. Y 3BA3KY 3 MM OyJI0 IIpOaHaIi-
30BaHO JJaHi Bifi KiZTbKOX IeTeKTOpiB 3a TpaBeHb 2018 p.,
KOJIV CIIOCTEpiraBcs caMe TaKWIl HOMITHUII eeKT.

ExcnepuMeHTanbHi laHi Ta METOOM aHANi3y

Byno npoananizoBaHo faHi BUMipIoBaHb raMMa-(QoHy
nerexropamu Tty GammaTR ACER Bupo6HuiTBa hipmn
Genitron Instrument GmbH, Germany (3 ra3opo3psagHu-
MU niuvibHUKamu [eiirepa — Mionepa), ki BXORATb 1O
cxmany cucremy ACKPC. ABTomMarn3oBaHa cucTeMa 30u-
paHHA i IepejlaHHsA JaHMX IIPALIIOE 110 pajjioKaHasIax.

Y po60Ti pO3ITIAHYTO pe3y/NIbTaTy BUMipIOBaHb, OT-
puMaHi Ha mecty BunaakoBo Bubpanux I1K. IIpoanari-
30BaHO JlaHi PeryIAPHUX OFHOTOAVHHNX BUMipIOBaHb
ramMMa-poHy (iHTerpoBaHe 3Ha4eHHs 3a 15-XBUIMHHI
BUMIpIOBaHHs) 3a nepiop 1-15 Tpasus 2018 p. Konrpo-
JIbOBaHa TEPUTOPis 3a0pyHEeHa BUKUIAMI 3 aBapiiiHOTO
4-ro enepro6moxy YAEC mig yac aBapii 1986 p. Pagiony-
KIIiJY 3HAaXO[ATbCA Y IOBEPXHEBOMY LIapi I'PYHTY, BK/IIO-
a4y pajjioaKTUBHY TpaBy. ToMy CbOrofHi OCHOBHUM
BUIIPOMiHIOBa4eM Y KOHTPO/IbOBaHill 30Hi € TEXHOT€H-
Huit 'Cs (guB. raMMa-CIIeKTp Ha puc. 1). BHeckoM iHmmx
panioHyKIifIiB, Y TOMY YMCIIi BiJi TaHIII0OKKiB posnmany
ypaHy i TOpilo, 10 yTBOPIOIOTh IPUPOHNII Ta TEXHOTE€H-
HUII raMMa-(pOH, MOXXHa HeXTYBaTH.

Mo IUBICTh TOSIBY Ce30HHMX (NMiBpiYHNX) 3MiH
y CUTHa/IaX raMMa-(QoOHY € OYeBM/JHOIO: BOJIOTA YU CHi-
TOBUII HOKPUB Y3UMKY eKPaHYIOTb FaMMa-BUIIPOMiHIO-
BaHHA Bifi pafliOHYKIiJiB, IKi 3HAXOHATbCA Y IPYHTI,
i TAKMM YMHOM piBeHb raMMa-(OHY Y3UMKY ITOBUHEH

Oy TV HIDKYUM, HIX Y JIiTHIN nepiof. OfHaK mosABa IHIINX
NEepiOAVYHNX CKIaIOBUX BYMArae CIelliaJIbHOro aHajIisy.

Hna aHanisy HaABHUX JJOBTOTPUBAINX PALIB pery-
JISIPHUX BUMIPIOBaHb OY/I0 BUKOPUCTaHO BeliB/IeT-aHaIi3,
OCHOBHOIO TIEPEBATOI0 AKOTO € MOXX/IMBICTh BI3HA4YaTH,
B AKi Iepiofiu 4acy B CUTHAJIi 3ABIAIOTBCA Ti UM iHIIi
0co6mmBoOCTi, TOOTO KOOOBI, CE30HHI KOIMBAHHA TOILLO
(3, 4]. [TepioguyHi cuTHAIN Ha KApTUHAX BelIB/IeT-IIepe-
TBOPEHHS 10 TOPM30HTal YTBOPIOIOTH Cepil peryIsapHux
«1AM». BificTaHi MiX «ImAMaMy» 10 TOPM3OHTA/IbHIN
OCi JOpiBHIOIOTH HaNiBIEPiOfy B OBVHUIAX TOPU3OH-
Ta/bHOI 0oCi. TOYHICTh BU3HAYEHHS BifcTaHell BU3Ha-
Ya€ThCSI TOYHICTIO 3HAXOM>KEHHS KOOPAMHAT LIEHTPiB
1AM B OIVTHULISIX TOPM3OHTAIBHOI OCl, AKi y BifiICHOCTI
MOXYTb OyTI JOCTATHBO PO3MUTUMU. Y HaBeIEHOMY
HIDKYe aHali3i MoXMOKa y BUSHAYeHHi I0/IOKeHH IleH-
Tpa «II/IAMI» He IIEpEeBUINYE +2 ONVHUID TOPU30HTAIb-
HOI oci A71s1 §060BOTO XOAY, 1LI0 BifOBifla€ TOYHOCTI
BM3HAa4YeHHA 4Yacy +1,5 rog,.

Pesynbraru Ta ix 06roBopeHH:

Y nireparypi (guB. ornap y [5]) onmucaHo HeofHO-
Pa3oBi crocTepexeHHs HOOOBMUX, MICAYHUX i PIYHUX
3MiH IHT€HCMBHOCTI pajjioaKTMBHOTrO posmnapgy. Tomy
IpPOaHaIi3yEMO MOXIMBICTb i 0CO6MMBOCTI IXHBOTO
NpoABYy y HalMX gaHux. Ha puc. 2 npepcrasieHo pe-
3y/JIbTaTH BeVB/IeT-aHa/i3y PEeryIAPHUX OGHOTOGVHHNX
(cepenHili piBeHb CHTHA/TY 3a TOAVMHY) BMMipIOBaHb FaM-
Ma-(OHY IJI LIeCTU HOCTiB coCTepe)xeHb. Ha BepxHbO-
My rpa¢iky I0Ka3aHO BUMIPIOBaHHsA, AKi HifATaIOTh
aHaisy. IBOBUMipHa KapTMHa IiJi HUM IpeJCcTaBIIsa€e
co0010 cepilo MIAM, KOJip 4¥ BifATIHOK fAKMX BigoOpa-

10000

1000
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£

10 Fo-ii
1461.01
Cs137
1 BE1|77
1 4096 8192 12288 16384
Kanan

Puc. 1. Tunosuii ciekTp raMma-(QOHY B palioHi 30HM Bif4yKeHHA

Ha BMCOTIi 1 M Bifi HOBepXHi 3eMIi
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YKa€ BeMMYNHY KoeQil[ieHTiB BellB/IeT-po3K/Iay, HaBe-
IEeHOTO Y BEPXHiil YaCTMHI pUCYHKa CUTHaNY AJIA PisHUX
MOMEHTIB 4acy. Ilo ropusoHTasi ABOBMMipHOI KapTUHU
BiIKJIaJIeHO 4Yac y TOAMHAaX BiJj IOYaTKy BUMipIOBaHb.
ITo BepTMKasi [BOBMMipHOI KapTUHM BiJK/IafleHO Ha-
HiBIIEPiOf MPOIECy Y BEMMYMHAX TOPU3OHTATbHOI OCi.

Ho6osuii xix. Bepxuiit psax TicHO po3TanroBaHMX
BUJIOBXXEHNX IUISIM Ha puc. 2 Bifobpaskae f060BY mepio-
AVYHICTD: IPOTPAMHMMIU 3aC00aMU MOXKHA [TOKa3aTH,
1[0 BOHU 3SIB/ISIIOTBCSA 3 iHTepBaioM y 12 rox — Ije Ha-
niBnepion go6osoi cunycoinu. HaBeneHi gBoBuMipHIi
KapTUHU — Ije nuiie rpadivHe 306pa>keHHs JBOBUMIp-
HOI MaTpu1i KoedinieHTiB BeliBneT-po3knany. [Iporpam-
HMMMU 3aco0aMy MOXKHA BU3HAYUTHU TOYHE IIONTOXXEHHS
IIJIAM Y 4Yaci i TaAKMM YMHOM IOKa3aTH, 10 MaKCUMyMNI
koedinieHTiB f060OBOro psAAy mpunagaTb Ha 17:00—
18:00, a mirimanpHi — Ha 05:00-06:00 3a MiciIIeBUM 4Ya-
coM, xo4a 3a(piKCOBAHO i1 BUTIAKM 3HAYHNUX BiJXV/IEHb.
[TepiogM4HICTh CUTHANTY BUJHO TaKOXK HEO30POEHUM
OKOM Ha rpacgikax puc. 2 y niBift komoHni. Bennunna
3MiH y AesSKMX BUIAJKaX CTAHOBUTH O/1m3bKo +10 %
i 3HAYHO NepeBUIY€E IIYMOBY CK/Ia/IOBY.

BusiBustocst, 1o orpumaHi 306pakeHHsI BeliB/IeT-pPo3-
KJIaZly MO>KHa PO3IINTY Ha [IBi TPYIIN: y IepIiif — CIO-
CTepira€TbCst 9iTKUIt JOOOBUIL Xify (UB. By KOJIOHKY Ha
puc. 2), y Apyriit — go60BUIt XiJi MIPAKTUYHO BiICYTHIIL.
BusiBnseTbcs, 1m0 [o60BUI Xijf BUPa3HO MPOSBISETHCS Ha
nocrax ACKPC i3 Hu3bkum 3Ha4eHHAM raMMa-poHy (Tpo-
xu MeHIe 1 Mk3B/Tox).

Crifg BiJ3HaYNTH TAKOXK, 1O YiTKICTb MPOSIBIB J00O-
BOTO XOfly 4ac Biff 9acy 3MiHIOETbCA: iCHyE HE3pO3yMisIol
HIpUPORY MOAY/IALIA IHTEeHCMBHOCTI Iboro edexty. Ha
rpadikax Lie IpOSIBNAETHCSA K 3MEHIIEHH I iHTEHCUBHOCTI
1060BYX IIAM y Aianas3oni 150-160 roz.

Amnanis MoxmuBuX paKTOpiB BIIINBY

AHai3 Ta 00TOBOpeHHs ITOKA3aHIX HA PIIC. 2 Pe3y/ib-
TaTiB TaK Y1 iHAKIIE 3BOAUTHCS JO HEOOXITHOCTI 3poouTH
HeTpuBianbHMIT BUOIp MK ;BOMa rirmore3amiu. Y mepriit
ycCi crocTepexeHi NepioguIHOCTi € PE3Y/IbTATOM BIUIMBY
MeTeoyMOB 4M 3aBaj (IMOBipHO Bif eeKTpoMepex), 1o
3MIHIOIOTBCS IPOTATOM Jo6u. [lpyra rimoresa mosnsrae
B TOMY;, 1110 3adiKCcOBaHi NepiogNyHi 3MiHV iHTeHCUBHOCTI
CaMOT0 CUT'HAJTy O3HA4al0Th 260 3MiHy LIBUAKOCTI pajio-
aKTMBHOTO PO3Maxy, abo MOSIBY JOATKOBOI IepiofNIHOL
CK/IafloBOi, HAIPMK/IAJ, 3a PaXyHOK 3MiH KOCMIYHOTO 4
iHmoro BunpoMiHoBaHH:A. OCKIJIbKI JpyTe TBepI KeHH
Pi3KO KOH(TIKTY€ 3 CbOTONHILIHIMY TIOITIAAAMY HA IIPK-
POy PafioaKTMBHOTO PO3IIALy, € OUEBIMITHOIO HEOOXiTHICTh

00I'PyHTOBAHOTO JJOKa3y TOTO, [0 CHOCTepeKeHi edpeKTy He
€ arapaTypHMMM, a HaJle)KaTb CUTHAITY.

Bruins remneparypu. [Io60Ba nepiogIHicTb HarpiBy
[leTeKTOpa € HaIIO1/IbII OYEBUHNIM MOK/IMBUM (PaKTOPOM
MIOSABY TOOOBMX 3MiH B IHTEHCMBHOCTI CUTHAIY, OCKi/IbKI
mobpe BifloMO, 10 YYTIUBICTD JMIYMIBHUKIB raMMa-BY-
IIPOMIHIOBaHHA [6] 3a/IXKITD Bijj TeMITepaTypu.

Il nepeBipku rinoTe3u Mpo MOXJIMUBICTb NOSABU
crioctepexxeHux epexTiB 060BOI MEePIOANIHOCTI Yepes
BIUIMB TeMIIEPATy Py HABKOJIMIIHBOTO CepefoBMIIa Oy1o
IIPOBEMIEHO CIelia/IbHUII eKCIepuMeHT. [IBa IeTeKTOo-
pu 3 moctiB ACKPC 6y710 epeBipeHO Ha TeMIIEpaTypHY
Yy T/IMBICTD Iif] 9ac Yepropoi MeTposoridynoi nosipku. Cu-
CTeMa JIeTEKTYBaHH 3 IETEKTOPOM, IIepefIifCHIIOBadeM
Ta IHIIMMM CK/IQJJOBYIMM €JIEKTPOHHOI CXeMM, TOOTO y Ta-
KOMY BUITIAJ, AK BOHA BCTaHOBIIOETbCA Ha 1K, y mabo-
paTOpPHUX YMOBaX po3MilllyBaacs B KOHTPO/IbOBAaHOMY
T0JIi raMMa-BUIIPOMiHIOBaHHS (METPOJIOTiYHa yCTaHOBKA
«IHTEP», 662 xeB) i HarpiBamacs npu6msHo 1o 20-44 °C,
TOOTO Y [iana3oHi OuiKyBaHMX MaKCUMa/IbHIX 3MiH TeMIle-
patypu B JIiTHil nepiof. IlokasHMKM JaTYMKiB IpK LIbOMY
3MeHIMIVCsA Ha 1,5-2 %, y Tolt Jac K 3Ha4YeHH:A IOTYX-
HOCTI 0311, CITOCTEpeKEH] Iif 9ac peaNbHNUX BUMiPIOBaHb
Ha toctax ACKPC, 36i/1b111y10TbCA 3 MiBUIEHHSM TeMITe-
paTypu, a 3MiHU € 3Ha4HO 6inbiyMu. [Ipy nbomy crif 3a-
YBayKUTH, IO PisHNUIA MK IeHHVMM 1 HIYHUMU TeMIIepa-
Typamu pifko nepesuiye 15 °C, ToOTO BIVIMB TaKMX 3MiH
TeMIlepaTypy Ha AeTeKTOpY Oy/ie 1ije MEeHIIIM.

B ommcaHoMy Bulne MpAMOMY eKCIIepMMEHTi 6y10
IIOKa3aHo, IO 31 3pOCTaHHAM TEMIIEPATypyU CUTHAI
MIOBVMHEH 3MEHIIYBATUCA K Pe3y/IbTaT TeMIlepaTyPHOI
9y TIMBOCTI anaparypu. OTxe, MOACHUTU JOOOBI 3MiHI
curHainy (guBs. puc. 2), Ki ZOCATaIOTb MAKCUMYMY IIpU-
6113HO 0 17 TOAMHI, HATPiBOM JleTEKTOpa He MOXKHA.

Brins enekrpomarsirHux saBag. Hait6inpm iMosip-
HUMIU JI>Kepe/laMyl CIIOTBOPEHH:A JAHMX Y Lill CUTyallii Mo-
XYTb O6yTH:

3aBaj/ B JIAHIIIOTAX )KMB/ICHHS O7IOKiB [IeTeKTyBaHHS;

3aBaM B JIiHIAX 3a3€MJICHHA O/IOKIB JETEeKTyBaHHsI;

€/IEKTPOMATHITHI Ta €/IeKTPOCTaTUYHi 3aBaji, AKi Ha-
BOJIATHCS Ha €/IEKTPOHHIX KOMIIOHEHTaX O/IOKiB IeTeKTY-
BaHHA, a TAKOXK Ha JTiHifAX 3BA3Ky Mi>K 6/I0KaMI JIeTeKTY-
BaHH: Ta BTOPMHHOIO aIlapaTypolo; MOXK/IMBa KOPeALisa
3 «IIIKOBMM» HaBaHTa>KeHHAM Ha JIiHiSIX >KuBIeHHA ~220 B;

HEKOPeKTHa poOoTa eIeKTPOHHMX BY3JIiB (X1OHI iM-
ITyZIbCH, «MEPTBUI Yac»).

Hait6inbur gwytnisum fo 3aBag B ACKPC e 670k pe-
TeKTyBaHHsA raMMa-BUIIPOMiHIOBaHHSA. fIK Bifj3Ha4amocA
Bu1tie, B ACKPC 30HM Bifqy>KeHHs 3aCTOCOBYIOTHCS O7I0KM
nerexryBaHHA Iy GammaTRACER — aBToHOMHI 6710k1
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HOBOTO TUITY Ji/1s TOCTIiIHOI peecTpaliii HOTY>KHOCTI JO31.

JKusnenns 6nokiB GammaTRACER 3piiicHIOETh-
cs1 Bifj BOYJJOBaHUX y KOHCTPYKIIiI0 67I0Ka JeTeKTyBaHH
niTieBux 6arapeil. 3a BUMipIOBalbHOTO LIMKITY 15 XB pecypc
JKMBJIEHH:A FapaHTY€eThCA He MeHIIe 5 poKiB. JKuBeHHA
0710Ka JleTeKTyBaHHsA Bif 6aTapei BUKIIIOYa€ HasABHICTDb
TaKUX IOLIMPEHNX 3aBafl, AKi MOXYTb OyTI B amaparypi
3 )KUBJIEHHAM Bifl IPOMMCIIOBOI Mepexi ~220, K Bif By3-
niB BULIPAMAHHA 3 yactoTamu 50 Ta 100 I'y. IIpyu Takomy
KMBJIeHH] y 6710Kax feTekTyBaHHA Ty GammaTRACER
Bi[ICyTHE 3a3eM/IEHHS €JIEKTPOHIKM, TOMY He Oyfie i1 3aBaj
y TaHIJIOTaX 3a3eM/ICHHA.

BusBnennit HamiBmepioxn mo6oBOi cuHycoifu
y BUMipIOBaHHAX raMMa-(oHy He KOpeJe€, Io-Iep-
IIe, 3 YaCTOTOI0 BMMKAaHHA Ta POOOTOI0 JIiHIiN XXUB-
TIEHHS TOTY>XHUX CIOXXMBadiB €JIeKTPOEHEPTii B 30HI
Bif4y>XeHHA — MiAIPUEMCTB, ifaneHb, TYPTOXKUTKIB
(3a mpumymeHHs, o NMiHii XnuBreHHA ~220 B € mxe-
peaMu eleKTPOMAarHiTHUX ab0 eleKTPOCTaTUYHUX 3a-
Bap). [lo-mpyre, BUABIEHNIT Yac MOABYM MaKCUMaTbHIX
Ta MiHiMaJIbHMX 3Ha4Y€Hb [JJAHMUX HE MOXKHA BiffHECTHU
IO MiKOBUMX HaBaHTa)X€Hb BMIIECO3HAYEHMUX CIIOXKU-
BayiB — AK BpaHIi, TaK i BBedepi. MaeTbca Ha yBasi,
1[0 OYATOK pOOOTU IIPOMMUCIIOBUX €HEPrOCIOXIBAYiB
HOYMHAETHCA Mpubau3Ho o 05:30+06:00 paHky, a BU-
MUKaHHA IX IPOBOANUTbCA Mpu6/MM3HO o 18:00 yBeuepi.
SIK1IO IpMIyCTUTH BIIMB PiBHA CIIOXXVBAaHHA €/I€K-
TpOeHeprii y 30Hi Bif4y>XeHH:, TO MU criocTepiranu 6
I0OOBY CMHYCOIZy Y BUMipIOBaHHAX — BHOYi Manu 6
MaKCUMYM, a BleHb — MiHiMyM. BifHOCHO crlOXMBaH-
HA €IEKTPOEHEPTii TyPTOXKUTKAMI, TO B TIEPiof] aHAi3y
HaHMX y TpaBHi 2018 p. 3axij coHus BifbyBaBCs micis
19:00, AK i BMMKAHHSA OCBIT/IEHHA Ta iHIINX CIIOXBAYiB
e/IeKTpoeHeprii (K mpaBuIo, HiZIPMEMCTBA 30HM Bif-
4y>KeHHS MTOYNMHAITh poboTy 0 08:00 Ta 3aKiHYyIOTD
po6oty o 19:00). I]i MipkyBaHHA CTOCYIOTbCA AK YyT-
nmuBocri anmaparypu ACKPC po «mpociganHA» Hampy-
' XuBJNeHHs ~220 B (cnip npuragaty, 1o >KUBIeHHS
0710Ka [jeTeKTyBaHH:A 3[iJICHIOETbCS Bij BOyJOBaHUX
Garapeit), Tak i 10 BIUIMBY IMOBIPHUX 3aBaf sK Bij e/ek-
TPOMAaTHITHHUX, TaK i €IEKTPOCTaTUYHNUX IONIiB MepexX
nepefadi IpOMICIOBOrO e1eKTpocTpyMy. Ha HaBefeHuX
Ha puc. 2 rpadikax MakcuMyMu KoedilieHTiB 1060BOro
pAAY NpUNajfamTb Ha 17-18 roguuy AHA, a MiHIManb-
Hi — Ha 5-6 TOOMHY PaHKY 32 MiCLI€éBUM 9acOM, 1O Cy-
Iepe4YNTh HaBeJeHVM BIIIe MipKyBaHHAM. ToMY MOXHa
cTBepmXKyBaTy, mo Ha cucteMmy ACKPC He BIIIMBaoTh
IIPOMMCTIOBi MepexXi >kuBneHHA ~220 B.

Ins ninii nepeganus indopmanii Big 6/mokiB fe-
TeKTYBaHHA O BTOPVMHHOI allapaTypy 3aCTOCOBYETbCA

3aBagocriikmit intTepdeitc RS422/232 ta xabenb, sIKui
CK/IafIa€ThCA 3 NEKIIbKOX IPOTiB-CKPYTOK. [loBefieHo, 10
TaKa JIiHiA nepefaHHsA uKdpoBoi iHpopMaLii HaliMeHII
YyT/INBa JO 3aBaj fAK Bifl €/IeKTPOMarHiTHOTO BUIIPOMi-
HIOBaHHs, TaK 1 Bifl €IEKTPOCTaTUYHMX IOMiB. Y TAaKOMY
inTepderici BifcyTHI maHIIorM 3a3eMIEHHA, TOMY OYAyTh
Bi[ICYTHIi i 3aBaZiyl Ha UX JTiHIAX.

Cnig Big3HAYNTH, WO K €JIeMEHTHU NeTeKTYBaHH s
raMMa-BuIpoMiHioBaHHaA y 6mokax GammaTRACER
BUKOPUCTOBYIOTD NiunnbHUKM Leiirepa — Mionepa. Ixus
KOHCTPYKIIif JO3BOJIAE Ofiep>KyBaTyi HA HABAHTa)KyBaJIbHO-
My OIIOpi aMIIIITy Iy iMITy/IbCiB [0 lecsiTKa BonbT [7]. Tomy
y GammaTRACER sifcyTHi BXifgHi migcnmrosadi. CurHan
3 JIIYMIBHMKIB IOAEThCSA OAPa3y [0 SUCKPUMIiHATOPIiB aM-
IUTITY M, 10 JO3BO/IA€ He BiKCyBaTy Majli aMIUITyAn, AKi,
AK IIPaBUJIO, BUHVKAIOTD Bifl €/IEKTPOMATHITHUX YN €7IeK-
TPOCTaTMYHMX 3aBafl.

Y koHcTpyKuii 60ka GammaTRACER Buxopucto-
BYETbCA [IBa MiunMabHMKa leiirepa — Mironepa. e 3po-
671eHO He 3 METOIO MiIBUIIEHHS eeKTUBHOCTI IeTeKTOpa
(HoMeHK/IaTypa MiunnbHuKiB lefirepa — Mionepa myxe
Be/IMKA i jae 3MOTy 00MpaT 0 3aCTOCYBAHHSI JIIYV/IbHU-
KI, 1[0 TPal[lOI0Th Y KOHKPETHOMY [jialla30Hi peecTpalii
HOTY>XHOCTI jo3n). Taka koH}irypamuis BuMipoBaabHOTO
KaHaJIy Ja€ 3MOT'Y BiiOpaKoByBaTy HeJOCTOBIpHY iHPOP-
Mallilo 3a IOTIOMOTOI0 BHYTPIllTHbOTO JTiYM/IbHYIKA, KU
BU3HAYAE JACTOTY «OJHOYACHO» 3a(piKCOBAaHUX paxyH-
KOBUX iMITY/IbCiB y miumnbHuKax lefirepa — Mronnepa.
KpurepieM BrsHaHHSA OJHOYACHOCTI TAKMX iMITY/IbCIB €
¢ikcanis iX y «7acoBOMy BiKHi», IIMpPIMHA AKOTO JOPiB-
HIOE «<MEPTBOMY 4acy» MYMIbHUKIB (MiunnbHuK [efire-
pa — Mionepa He Moyke chOpPMYBaTI BUXiTHMI IMITY/IbC
I/l 9ac «MepPTBOTO Yacy»). SIKIIO peecTpyeThCs IeBHA Ja-
CTOTa TAaKMX IMITY/IbCiB, TO BifiTIOBiHE 3HAYE€HHA BUMIps-
HOI IOTY>XHOCTI 71031 1o3HavaeTbcs 6itoMm «COINC».
Taka xapakTepHa 0co6nuBicTh Nepenanoi iHpopmanii,
K IPaBUJIO, CBITYNUTD IIPO iMITy/IbCHY 3aBapy. s 6mo-
ka GammaTRACER 3 mopynem SkyLink meit kpurepiii
SIKOCTi BKa3ye Ha BIIVB Ha CUCTEMY €1eKTPOMaTHITHUX/
€/IEKTPOCTAaTVYHMX 3aBa/J i HaJjali IpOrpaMHUM IIIAXOM
BUKJ/IIOYAETHCA 3 031 JaHUX.

OxpeMo Cr1ifi Bii3HaUNMTH, [0 YYTIUBICTb OTOKiB
IeTeKTYBAaHHS O 30BHIIIHIX (aKTOPiB BIUVIMBY, TAKNX
K 3MiHa TeMIlepaTypHu, BOJIOTOCTI, BIVIMUB BiOparii Ta iM-
Iy/IbCHUX YJAPHUX XBUJIb, @ TAKOXX IHIINX (PaKTOPIB, 110-
BUHHA BU3HAYATHCA SIK JOJATKOBA IOX1OKa IO OCHOBHOI
HOXMOKY BUMIpPIOBaHb IIapaMeTpiB /pKepes i0Hi3y1090ro
BunpominoBaHHs1. L5 moxmnbka Mae po3mip BifICOTKIB 10
OCHOBHOTO METPOJIOTIYHOTO ITapaMeTpa — OCHOBHOI IIO-
XMOKY BUMIPIOBaHHSI — Ta MA€ BUSHAYATHCA (HABOJUTUCA
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B IOKyMeHTallii), SIKIO 151 ToxmoOKa nepesuinye 20 % oc-
HOBHOI IIOX1OK 1 BUMipY (260 Ha BUMOT'Y 3aMOBHMKa CIIO-
XKVBada I[bOTO MpUIafy). Ajie 11 HOX1MOKa BUSHAYAETHCS
B KOHKPETHOMY JIialla30Hi BUMipIOBa/IbHIX (i3VYHNX ITa-
paMeTpiB, i Hait6i/bIIle 3HAY€HH ST HABOAUTHCS B TEXHITHIN
TOKyMEeHTalii o BUMipIOBa/IbHOTO IIPUCTPOIO/CUCTEMIL.
Tomy Mo)XHa BBaXKaTy, WO BIUIMB iHTEHCUBHOCTi BU-
MpOMiHIOBaHHS Ji)Kepeyia iOHi3yI040ro BUIIPOMiHIOBaH-
H# Ha pe3y/IbTaTy aHajli3y IapaMeTPiB JKepe/l MOB/HHI
IPOSAB/IATHUCSA IPUOIN3HO OFHAKOBO (Y po3Mipi BificOTKiB)
y Aiamas3oHi BUMipoBaHH:. ToMy mif yac aHamisy puc. 2
MO>KHA 3 BEJIMKOIO IMOBIPHICTIO IPUITYCTUTH, IO G7I0K
feTeKTyBaHHA (iKcye aBa mpouecu. OfyH 3 HUX OB I3a-
HMUII i3 TpolecoM, KM Ma€ TaKi XapaKTepHi O3HaKI, AK
MaKCUMYMU Ta MiHIMyMM 3Ha4€Hb, a PYT UL Hi.

BucHoBku

1. 3 MeTOI0 IepeBipKM HEBUIIAIKOBOCTI BUABIIE-
Hux y curHanax ACKPC nepioguiyHmx 3MiH iHT€HCUB-
HOCTi CUTHaJIiB raMMa-(poHy IpoaHaIi30BaHO /IaHi Bif
mecty ITK. CioctrepesxeHHS 11bOTO e(eKTy OfHOIACHO
B 6araTbox He3ane>xxHux [1K Hesanepe4HO CBifYUTD PO
JIOTO iCHyBaHHS.

2. bnoxu perexkrysann4 i B iinomy ACKPC ne uyT-
MBI 10 30BHIIIHIX (paKTOPIB BIUIMBY TUITY HATPIiBY IeTEK-
TOpa, MapaMeTPiB MepexX XKuBIeHH:A ~220 B i 1o enextpo-
MAaTHITHMX Ta €IeKTPOCTaTMYHMX IOJiB.

3. Edekt 1060BUX 3MiH iHTEHCMBHOCTI CUTHAITY iHOM]
JIOCUTD BE/IVKMIA, JI0TO BUTHO HEO30POEHNM OKOM, i Be/u-
YJHa KO/MMBaHb y PO3ITIAHYTUX MPUKIAaX CTAHOBUTD
npu6musHo £10 %. Lle 3HAYHO IepeBUILye piBeHb IIYMOBOI
CK/IaJiOBOI peECTPOBAHOTO CUTHAJTY.

4. JleTaqbHO PO3IIAHYTO MOXX/IMBICTb TOTO, IO CIIO-
CTepeKeHi J0O0Bi KONMBAHH IHTEHCUBHOCTI CUTHATY TaM-
Ma-(pOHY 3yMOBJIeHi HarpiBoM feTekTopiB. [IokasaHo, o
CIIOCTepeKeHi 3MiHV CUTHAIIB LIVIM 30BHILHIM (paKTOpOM
He TOSICHIOKOThCA.

5. TlopiBHSHHS JAHUX Biff 6ararboX IOCTIiB CLIOCTEpe-
YKEHD JIa€ 3MOTy 3pOOUTH BUCHOBOK IIPO Te, IO CIIOCTepesKe-
Ha J060Ba [epioANYHICTb € HeBUIIA/IKOBOIO. IIpupoza nos-
BJI TaKMX 3MiH iHTEHCMBHOCTI 3a/IMIIAEThCA HE3PO3YMIIOI.
ITigkpecmmo, 110 Ha BigMiHy Bix po6oti (8], B sAKilt BUsB-
JIeHi ;000BI Ta iHIII KO/IMBAaHHSA LIBUAKOCTI PO3IIaZly PafiOHy
IPSIMO IIOB’A3YI0ThCA i3 mpouecamy Ha COHIIi, Ha OCHOBI
HAIINX JAHKX TaK/il BUCHOBOK POOMTH IIepeUacHo, y Iep-
ury 4epry TOMY, 1[0 MaKCHMAJIbHi i MiHiMa/IbHi 3Ha4YeHHS
CUTHAJIIB CIOCTepiraroThcsi mpubmmsHo o 17:00 i 5:00 rop
BinmoBigHO, a He 0 12:00i 00:00, six y [8], kKorm Brms CoHs
MaKCHMAaJIbHUIT Ta MiHIMa/TbHII BiJIIOBiTHO.

6. Ha rpadikax mpoaHanizoBaHUX CUTHAIB i Ha
300pa’keHHAX iXHiX BeliBIeT-KoeQiljieHTiB MOXKHa 6a-
YUTH YiTKe 3MEHIIEHHS iHTEHCMBHOCTI MOJYIALIi Ta
HepepBU Pery/IAPHOCTI J0OOBOTO XOAY, IKi TAKOX He
BIA€THCSI IIOBSI3aTH 3 OCOOMMBOCTAMM pobOOTH amapa-
TYpPM 9 METEOyMOBaAMIL.

7. BusABneHi mepiofM4Hi 3MiHM 30BHI ITyMOBOTO
CUTHaTy raMMa-(OHY IIOBMHHI BPaXOBYBaTUCA il 9ac
004VIC/IeHH I HeBM3HAYEHOCTEN OTPUMAHMX Pe3y/IbTaTiB
IiJ] 9ac pajjialliflHOr0 MOHITOPMHIY Ta IPOrHO3YBaHHA
pafiiallifiHOTrO CTaHy Y 30Hi Bif4y>XeHHS.

Apropu BpsuHi O. I. Tpetsky 3a m06’s13He HajlaHHSA
CIIeKTpa raMMa-(oHY.
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A. 1. Ckop6OyH', A. A. Kyumarpa', 5. M. CironrHoit?,
A. A. JopounieHko"

"Uncmumym npobnem 6esonacnocmu ASC HAH YipaunoL,
yn. Kuposa, 36a, Yeprobvinv, 07270, Yxkpauna
2lTabopamopus memponozuu [JCII «deprobvinvckuii
Cneyxombunam», yn. Cosemckas, 72, YeproOoviv,

07270, Ykpauna

HepI/IO,T_[I/I‘IHOCTI/I B CUTHAa/JIaX JJINTC/IbHBIX
n3MepeHnii ramma-¢Qpona B YHepHOObIIbCKOII 30He
OTUYKITECHU A

B 30He oruyxzieHns BoKpyr YepHoObIIbCKOIT ADC
(GYHKIMOHMpPYeT aBTOMATH3MPOBAHHAS CUCTEMA KOHTPOJIA
PanMaIIOHHOI OOCTAaHOBKY, B COCTaBe KOTOPOIL IeCATKI
IETEKTOPOB, PACIIOJIOKEHHBIX 110 Beell 30-KMIOMETPOBOIL
3oHe. [IokasaHMA JeTEKTOPOB PEryIApHO PUKCUPYIOTC
VI COXPaHSIOTCS B 6ase JaHHBIX. B pery/1apHbIX psafax n3Me-
PEHMIT MOIITHOCTH 103bI TaMMa-(POHa BBLAB/IEHBI KaK SBHbIE
Ce30HHBIE (31Ma — JIeTO), TaK U CKPBIThIE, 60JIee KOPOTKO-
HIepUOAYecKyie I3MeHEeH VIS MTHTEHCYBHOCTY raMMa- (hOHa,
Cpefy KOTOPBIX 0COOEHHO 3aMEeTHBI CyTOYHbBIE I3BMEHEH.
Yro6bI JOKa3aTh, 4YTO OOHAPY KEHHBIE CYTOUHbIE U3MEHe-
HYIS1 He CBSI3aHBI C METEOYCTIOBYSIMU MM OCOO@HHOCTSIMMU
paboThI anmaparypsl, IPOAHAIM3MPOBAHbI CUTHATIBI OT
HECKOJIbKMX JIeTeKTOpOB 3a rrepuop 1-15 mas 2018 rr. Crie-
JIaH BBIBOJI, YTO HAO/TIOIaeMble IIePHOAMYeCKIie ISMEHEHN
CUTHaJIa He SIBJISIOTCS allapaTypPHBIMI 9P peKTaMIm.

Kniouesvie cnosa: ramma-(oH, MOHUTOPYHI, IEPUOANIECKIIE
VI3MEHEHMS.
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Periodicity in Signals of Long-Term Gamma Background
Measurements in the Chornobyl Exclusion Zone

An automated radiation monitoring system (ARMYS),
which contains dozens of detectors, located throughout

the 30-km zone, is functioning in the Exclusion Zone near
the Chornobyl Nuclear Power Plant (ChNPP). Indications
of detectors are regularly recorded and stored in the da-
tabase. In the regular sets of measurements of the gamma
background dose rate, it is revealed both explicit seasonal
(winter-summer), and latent, shorter-period variations
in the intensity of the gamma background, among which
especially noticeable are diary changes. To prove that
these diary changes are not related to the meteorological
conditions or the equipment operation features, signals
from several detectors for the period of May 1-15, 2018
have been analyzed. It is concluded that observed periodic
signal changes are not equipment effects. For the purpose
of checking the randomness of detected periodic changes
in the intensity of signals of the gamma background, data
from six observing points have been analyzed. Observing
this effect simultaneously in many independent observa-
tion posts undeniably proves its reality. It is proved that
the detection units and the ARMS as a whole are not sen-
sitive to external influence factors, such as heating of the
detector, the parameters of the power supply network ~220
V, and to the electromagnetic and electrostatic fields.

The effect of daily changes in the signal intensity
is quite large sometimes, visible by the naked eye, and
the magnitude of the oscillations in the examples con-
sidered is approximately +10 %. It significantly exceeds
the noise component of the registered signal.

Comparison of data from many observation posts
leads to the conclusion that the observed daily periodicity
is not an accident. The nature of such intensity changes
remains unclear. We emphasize that unlike the work of [8],
in which daily and other oscillations of radon decay rates
are directly associated with processes on the Sun, on the
basis of our data, such a conclusion can not be made, pri-
marily because the fixed maximum and minimum of sig-
nal values are observed at approximately 17 and 05 hours,
respectively. And not at noon and midnight, when the Sun’s
influence has maximum or minimum, respectively.

On the plots of the analyzed signals and in the pictures
of their wavelet coefficients, one can see an obvious decrease
in the intensity of modulation and interruptions in the reg-
ularity of the daily flow, which also can not be associated
with the peculiarities of the equipment or the meteorological
conditions. The detected periodic changes outside the noise
signal of the gamma background should be taken into ac-
count when calculating the uncertainties of the results ob-
tained during the implementation of radiation monitoring
and prediction the radiation situation in the Exclusion Zone.

Keywords: gamma background, monitoring, periodic changes.
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Evaluation of Radioactive Air Contamination due to a Forest Fire
within the Exclusion Zone on June 5-8, 2018

Keywords: The results of simulation of the radioactive aerosol atmospheric transport due to a fire
wildland fires, in forest areas in the Chornobyl Exclusion Zone (near the ISF-2) during June 5-8, 2018
resuspension, are presented. To assess its consequences, a modeling complex of the Institute for Safe-
radionuclide, ty Problems of Nuclear Power Plants was used, which includes a mesoscale weath-
atmospheric transport, er forecast model WRF, model of convective plume formation over the fire area, and
modeling, the Lagrangian-Eulerian diffusion radionuclide atmospheric transport model LEDL

Exclusion zone. Model calculations for the radioactive combustion products transport are carried out
at a distance of up to 100 km from the fire area. The results of sampling of burned for-
est litter and upper layer of soil, made for estimation of total activity stock at the 2 fire
sites, are presented. The average '*’Cs surface contamination density was obtained to be
about 2.85 MBq/m? (with a variability of this value from 1.02 to 5.40 MBq/m?). Accord-
ing to calculations, the maximum value of the '*¥’Cs activity in the surface air in Kyiv
in some periods of the fire could reach values of about 1 mBq/m?, in Chornobyl - about
10 mBq/m’. The overall results are in agreement with the measurements of the *’Cs
activity in the air carried out by the network of Automated Radiation Monitoring Sys-
tem ASKRO posts of the SSE “Ecocenter”, as well as air sampling data in Mila village
of the Kyiv region (results of the State Scientific Technical Centre on Nuclear and Ra-
diation Safety).

Introduction distances. So, an assessment of the possible influence

of forest fires in radioactively contaminated territories

The highly contaminated territories of Ukraine and
Belarus after the Chornobyl accident still remain poten-
tial sources of radioactive contamination due to forest
fires there, first of all within the Ukrainian Chornobyl
Exclusion zone and the Belarus Polesie Reserve. The ra-
dionuclides in the vegetation and soil would be emitted
to the atmosphere during vegetation fires, which could
represent a risk for firefighters and other personnel
of these zones. In addition, a population could be affect-
ed by radioactive smoke particles transported over long

on the radioecological situation in the Exclusion zone
and beyond is of particular interest. Unfortunately, data
of direct measurements of additional air contamination
and fallout on the underlying surface during fires are
usually quite scarce (both in spatial and in temporal
resolution). Therefore, methods of mathematical mod-
eling of the atmospheric transport of radioactive aero-
sols — products of vegetation burning — are an import-
ant tool for a comprehensive assessment of the effects
of forest fires.

© M. M. Talerko, T. D. Leyv, S. I. Kireev,
V. O. Kashpur, G. G. Kuzmenko
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The article presents a comparison of the results of cal-
culations performed using the model complex developed
in the Institute for Safety Problems of Nuclear Power Plants
(ISP NPP) with direct measurements of the effects of the
wildland fires in the Exclusion zone during June 5-7, 2018.

Radionuclide emission due to wildland fires
at radioactively contaminated territory
(observation and modeling)

The main source of radionuclide emission after wild-
land fires in the contaminated territories is the Chornobyl
exclusion zone (ChEZ) with an area of 2,600 km?. The forests
covered 53 % of the area before the disaster. After 1986, eco-
nomic activity stopped and the forest area extended. Now
about 38 % of the territory is Scots pine forests, 30 % is broad-
leaf forests, and the other 32 % is deforested and former
agriculture areas [1]. The lack of fire management allowed
the vegetation to overgrow, creating conditions favorable for
fires to ignite and spread. The radionuclides "*’Cs, *°Sr, ***Pu,
and #*2°Pu are concentrated mostly in litter and the top
layer of soil in the forests and grasslands in ChEZ [2].

According to [3], from 1993 to 2013 more than 1,250
wildland fires of different types ancurred in the ChEZ.
Approximately 55 % of the fires occurred in former agri-
cultural lands and about 33 % occurred in forested land.
Although these fires consumed only 3,300 ha of vegetation,
larger fires have occurred in the region. The largest fires
were observed in July-August, 1992 (a total area of 17,000
ha of agricultural and forest land including crown fire over
anarea of 5,000 ha during a two week period) and in April
2015 (6,250 ha of grass fires at meadows, 2,737 ha of forest
ground fires and 1,140 ha of forest crown fires). According
to the measurement data within the ChEZ, the activity
concentration in the surface air increased up to 7.6 mBq m=
of "Cs and 10 mBq m™ of *°Sr [4].

Besides the ChEZ itself, the wildland fires could im-
pact the radioliogical situation outside it. The long-range
transport of smoke plumes after the forest fires in the ChEZ
and near it was observed by the satellites [5]. Increasing
the "Cs activity concentration in the air was reported
in Sweden [6] and Lithuania [7] during extensive forest
fires in the radioactive contaminated territory of Ukraine
and Belarus in 1987-2003. According to [8], several fires

Table 1. Radionuclide emission fraction during wildland fires

Nuclide Emission fraction Source Comments
L Cl 80-90% Straw and wood burning experiments in field and labora-
(18] tory conditions. Biomass were combusted with tempera-
Cs 40-70% tures varying from 160 to 1,000 °C
—409 i n
137 10-40% depending on the tf:mpera Laboratory experiments for heather burning
Cs ture (12 % after a cool burning and [19] (50 kg of dried material)
39 % after a hot burning) &
p - Iy
197 thelbl/:r(l)lit;;:au};?vall(l)a‘}/)lzx\t}alillr; ble 20] Estimation for modeling of inter- and intra-continental
LT transport of cesium released by boreal forest fires
in the biomass
19 40% of deposited [13] Conservative estimati:\fle 1folérun;:;ieeling of redistribution
B7Cs, P°Sr 20%
238y, 239py, [11] Conservative estimation for modeling
240Pu, 241Am 10 %
Estimation value has been obtained after the natural
137 ~3-59 i
Cs 3-5% of deposited [21] forest fire in the ChEZ in July, 1992
B7Cs 4% of deposited [2] Fire experiments in the ChEZ
"7Cs and **Sr up to some%o Grassland fires (comparison of modeling and experimen-
Pu up to 1% - tal data)
10
"7Cs and *°Sr up to 3-4% Forest fire (comparison of modeling
Pu up to 1% and experimental data)

48 ISSN 2311-8253 Nuclear Power and the Environment Ne 2 (14) 2019



Evaluation of Radioactive Air Contamination

in 2002 resulted in '*’Cs transport over Europe. The high-
est release occurred at the end of July, with **’Cs fallout
reaching Sweden, Finland, and Central Europe.

Wildland fires may result in additional contamina-
tion of the air both in the immediate vicinity of the fire
territory and over long distances, including long-range
atmospheric transport of fine aerosol. Therefore, differ-
ent types of models of emission, following atmospheric
transport and deposition of fire products are developed
for the local area around the fire (up to 10 km) [9, 10]
and mesoscale and long-range atmospheric transport [8,
11-15]. The main features of the radionuclide atmospheric
transport models for different spatial and temporal scales
are determined primarily by the nature of the diffusion
processes of pollutants in the atmosphere, and they are
similar for both models of emissions from point sourc-
es — e.g., from a nuclear power plant (NPP) stack — and
for the re-suspension models during forest fires. The main
problem for models of forest fires is the correct description
of the radioactive aerosol source parameters (duration and
area of the fire, emission intensity for the different phases
of the fire, the initial raising height of smoke plume, ac-
tivity size distribution of radioactive particles). In general,
a model of atmospheric transport of smoke particles must
be a part of a more general model of wildland fire evolution
(16, 17]. Using a number of simplifying assumptions a sub-
task of assessment of radioactive contamination of the
atmosphere by combustion products can be singled out
of the general picture describing the development of the
fire and its consequences. Then this problem can be solved
by relatively simple methods. The price of such simplifica-
tion is the introduction into used models a number of con-
stants whose values have to be determined empirically.

One of the main problems of radionuclide atmospheric
transport models due to forest fires is the parameterization
of the emission fraction of radionuclide after a fire event,
namely the fraction that will be emitted compared to what
is present on the ground or in the biomass. Evidence from
laboratory experiments and field studies are quite contra-
dictory (Tab. 1).

Therefore, any available information about the conse-
quences of past fires is an important material for the val-
idation of models of atmospheric transport of forest fire
products, as well as for their further improvement.

General description of the forest fire
on June 5—7, 2018

During the period from June 5 to June 8, 2018, sev-
eral areas of grass and forest were burned on the terri-

tory of the 10-kilometer zone of the Chornobyl NPP.
The most intense fires took place in two forest areas lo-
cated near the Interim Spent Nuclear Fuel Dry Storage
Facility (ISF-2) (Figs. 1, 2), where the seats of fire were
detected about 11:00 on June 5, 2018 [22]. In total, ac-
cording to the State Emergency Service of Ukraine, a fire
covered about 15 hectares. At 17:50 on June 7 a fire in the
forest area in the Exclusion zone was liquidated. During
the fire, the personnel of the State Specialized Enterprise
(SSE)”Ecocenter” made an air sampling at the fire line
using the mobile aspiration facility, in particular, in the
16th quarter of the Korohod forestry. The ¥’Cs activity
concentration in this sample was about 9.8:10~ Bq/m’
that exceeds the reference level by 9.8 times, and the *°Sr
activity concentration was obtained to be 1.6 10~ Bq/m’
that by 53 times exceeds the reference level (3:10~° Bq/m?®)
established by health and safety standards.

S

Fire area
W
Kopachi %

g hfﬁ;toballvka

Fig. 1. Map of the location of the main areas of the fire

Fig. 2. Smoke plume from the fire at 15:00 on June 5, 2018.
The ISF-2 building is in the foreground
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According to the measurements of the atmospheric
surface layer contamination by radioactive aerosols con-
ducted at stationary sites of the SSE “Ecocenter” automat-
ic radiation monitoring system (ASKRO), the '*’Cs and
Sr volumetric activity concentration at the Chornobyl
site exceeded the established control levels (8.0-10~° Bq/
m® and 4.0:10° Bq/m’, respectively). The *’Cs volumetric
activity concentration was obtained to be 2.2:10~* Bq/m’

(at 1:4006.06.18), 3.8:10~* Bg/m* (at 15:0006.06.18) and
4.7107 Bq/m’ (sampling was made using a mobile aspi-
ration facility from 15:00 to 18:0006.06.18). The corre-
sponding values for the *°Sr volumetric activity concen-
tration were 2.4:107%; 2.5:10* and 2.3-107* Bq/m’.

At the exclusion zone border (Dytyatky site), the '’Cs
volumetric activity concentration on June 6 was 2.7-10~° Bq/
m’ which didn’t exceed the reference level (2.1:10~* Bq/m?).

05.06.2018 00h 06.06.2018 00h 07.06.2018 00h
Fig. 3. Maps of the ground pressure during the fire
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Fig. 4. Vertical profiles of the air temperature (a) and the wind velocity (in m/s) hodographs (b)
in the layer up to 2 km according to radiosounding data in Kyiv
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Meteorological conditions during the fire

The territory of the Exclusion zone on June 5,
2018, was in the low pressure area, in the trough of the
north-western cyclone (Fig. 3). At night, a surface tem-
perature inversion and an increase in the wind speed
(from 1 to 9 m/s) in the air layer up to 280 m were ob-
served (Fig. 4). Over the course of the day, a cold front
passed over this area resulted in a temperature drop
of 27.6 °C to 17.8 °C in the afternoon. During the next
3 days there was an increase in atmospheric pressure,
which led to the formation of an anticyclone with a centre
over the territory of Ukraine and Belarus with the pre-
vailing northern and northwest atmospheric circulation.
On June 6-7, 2018, the typical for the summer period
vertical profiles of wind have been replaced by a weak
wind (2-3 m/s) at altitudes up to 1,500 m and near-surface
temperature inversions. It should be noted, that the weak
wind or calm with a near-surface temperature inversion
contributes to the increased pollution of atmospheric
the near-ground air.

Survey of burnt forest areas

Measurement of the exposure dose rate and sam-
pling of forest litter and top layer of soil was performed
on August 22, 2018, to estimate the value of radioactive
contamination in 2 burned forest areas (Fig 5). In Fig. 6
54 points of exposure dose measuring in site no. 1 (locat-
ed 300-400 m from the ISF-2) are shown and 10 points
in site no. 2. The sites are separated by the Chornobyl —
Pripyat road. Measurement of gamma dose rate values
was performed in accordance with the approved method
using the dosimeter-radiometer DRG-01T. At each point,
measurements were made at heights of 0.1 m and 1.0 m.

Fig. 5. The area of burned forest

-

’

Fig. 6. Measurement places within two sites of burned forest
divided by the road (circles and triangles — places of gamma rate
measurements in the Site no. 1 and no. 2 accordingly, squares —
places of gamma rate and soil contamination measurements
in the Site no. 1, Site no. 2 and outside in the non-burning area)

The distance between measurement points was chosen
taking into account the uniformity of contamination and
dimensions of the surveyed sites: through every 100 m,
starting from the western border of the site and reach-
ing its eastern boundary. After that, the same route was
shifted 100 m to the north until reaching the northern
boundaries of the surveyed site.

Measured values of the exposure dose rate in burned
areas range from 0.058 to 0.660 mR/h at a height of 1 m
and from 0.080 to 0.800 mR/h at a height of 0.1 m above
the ground resulting in the average values of 0.359 and
0.526 mR/h, respectively.

In these areas, in October 2018, sampling of for-
est litter (ash) and topsoil in 6 points at Site no. 1 and
in 10 points in Site no. 2 were carried out. In addition,
sampling of soil and litter on a non-burned forest area
near the fire territory has been carried out (see Fig. 6).
Simultaneously with soil sampling, at each point the gam-
ma dose rate measurement at heights of 0.1 and 1 m was
made. The geographic coordinates of sampling points
were determined with using GPS. Soil sampling was car-
ried out according to a unified method to a depth of 3 cm
using a cylindrical sampler with a diameter of 80 mm.

The measurements of the selected samples were car-
ried out using the y-spectrometric complex Canberra,
consisting of a GL2020R semiconductor detector made
of ultra pure germanium with a beryllium window 500 pm
thick and a multichannel analyzer (16 K). The minimum
measurable activity for the geometry of measurements for
the y-line 59 keV of *! Am is 0.03 Bq/sample, and for '*’Cs
(661.6 keV) is 0.4 Bq/sample.
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According to measurements of 14 samples, the av-
erage value of the density of cesium-137 surface contam-
ination at burned sites was about 2.85 MBg/m? (with
variability of values from 1.02 to 5.40 MBq/m?). The val-
ue of the exposure dose rate at burned areas varies from
0.245 to 0.845 mR/h at a height of 1 m above the ground
and from 0.288 to 1.38 mR/h at a height of 0.1 m.

In Fig. 7 the dependence of the gamma dose rate
H (mR/h) on the density of soil top layer D (MBq/m?)
at 14 measurement points in two sites of burned forest
is presented. The correlation between them for the mea-
surement height of / = 0.1 m is sufficiently well described
by the linear dependence of H = 0.248 - D with the accu-
racy of approximation R* = 0.707. For the measurement
height of 1 = 1 m this dependence is less distinct (R* =
0.270) and is given by H = 0.149 - D.

For 6 samples (Tab. 2, four of which were selected at
Site no. 2 and two at an adjacent non-burned area), spec-
trometric measurements of the gamma-emitting '**Eu
and ' Am nuclides content were additionally conducted.

The ratio of '’Cs/"**Eu activity in these samples
varies almost in 2 times — from 240 to 450. The ratio
of ¥’Cs/**' Am varies from 22 to 40, and the >’ Am/"**Eu
ratio — from 8.9 to 12.4.

08 == + : -
0.6 e /
0.2

0.0

mR/h

0.0 10 20 30 40 50 60 70
MBg/m*

Fig. 7. Dependence of the gamma dose rate H (mR/h) on the
density of soil top layer D (MBq/m?) at two sites of burned
forest. Squares and a trend line 1 — measurement height 0.1 m,
diamonds and a trend line 2 — measurement height 1 m

Modeling resuspension and following
atmospheric transport of radioactive aerosols
due to the forest fire

To assess the effects of the fire on June 5-7, 2018,
a set of models of the ISP NPP was used, which includes:
1) the mesoscale numerical weather forecast model
WREF-ARW; 2) the model for the formation of a convective

Table 2. Data on radionuclide contamination
measurement of top soil samples

Sample code Nuclide | °P ;é);lsii;?lt(%n;;g;tlon

B7Cs 457

P2-2 (Site no. 2) B4Eu 1.30
MAm 15.2

B7Cs 341
P2-4 (Site no. 2) 134Ey 0.802
2Am 9.97

B7Cs 346

P2-5 (Site no. 2) 4Ey 1.44
21Am 154

B7Cs 176
P2-8 (Site no. 2) 4By 0.564
21 Am 4.99

) B7Cs 149
L-2 (non-burning SRy 0.454

area)

2 Am 4.59

, 137Cs 127

L-4 (n(;rrlé:)urmng Sy 0.281
HAm 3.22

plume over the fire area — for estimation of the maximum
lifting height of radionuclides in the atmosphere at the initial
stage of their transport; 3) the Lagrangian-Eulerian diffusion
model LEDI of the radionuclide atmospheric transport
and their deposition on the surface — for calculating
the atmospheric transport of radioactive aerosol particles
products at distances up to 100 km.

The results of the WRF-ARW numerical weather
forecast model (current version of model V3.9.1) [23] were
used as input meteorological information for modeling
of radionuclides dispersion released into the atmosphere due
to the fire. A numerical grid covering the territory of Ukraine
with the center in the vicinity of the Chornobyl NPP was
chosen with the number of nodes on the horizontal plane
of 144x120 and the grid step of 5 km. The number of levels
in height was set as 35. Calculations using the WRF-ARW
model were performed using the results of the project
of data re-analysis from the international meteorological
network ERA-40 (global atmospheric reanalysis) performed
in European Center for Medium-Range Weather Forecasts
(ECMWE) [24].

For the subsequent modeling of atmospheric transport
of radioactive aerosol, calculated 3-dimensional fields
of wind and air temperature were used, as well as the
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C

Fig. 8. Calculated time-integrated *’Cs activity concentration in the air (Bq « s/m?). a - June 5, b -] une 6, c - June 7,
d - a sum for 3 days of the fire (June 5-7, 2018)

values of characteristics of the atmospheric boundary layer
(the atmospheric boundary layer height and the dynamic
velocity u,), obtained with a time step of 1 hour for the period
from 00 h June 5 to 00 h June 8, 2018.

In the simulations, the fire area is considered
as a constant area source of radionuclide emission in the
atmosphere. According to the obtained data, the total *’Cs

activity in the burning areas was estimated as about 5.510"
Bq. According to previous studies, the part of activity
entering in the air of the forest area was set equal to 5% of this
value. The height of the rise of the smoke plume formed over
the fire area was estimated to be about 300-500 m (depending
on meteorological conditions during the fire period) with
using the above-mentioned model of a convective plume over
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Fig. 9. The modeling dependence of the '¥’Cs activity in the air (Bq/m?®) on time for 4 settlements
(lines) compared with the measurement data (columns 1 and 2 — “Ecocenter” data for Chornobyl,
column 3 — SSTC NRS data for Mila). Labels on the X axis are date and hour

the fire area. The radioactive aerosol particle size formed due
to the fire was set constant and equal to 1 um.

The fields of instantaneous and integral (for the whole
period of the fire) of the *’Cs volume activity in the surface air
(Fig. 8) and the ¥’Cs deposition density on the earth’s surface
were calculated using the atmospheric transport model LEDI.

Additionally, "¥Cs activity in the air was calculated for
4 settlements: Kyiv, Chornobyl, Dytyatky and Mila (105 km
to the south from the Chornobyl NPP). The last settlement
was chosen for the calculation because the personnel of the
State Scientific and Technical Center for Nuclear and
Radiation Safety (SSTC NRS) made a special measurement
during the fire with using a mobile laboratory [25]. The *’Cs
activity in the air in the period from 13:15 to 14:25 on June 6,
2018, was measured to be 0.6 mBqg/m’.

According to our calculations, the maximum activity
of ¥’Cs (averaged over a l-hour period) in the surface
air in Kyiv reached 0.82 mBg/m® at 23 h on June 5 and
1.22 mBq/m? at 02 h on June 7, 2018. For Chornobyl city
the estimated maximum "*’Cs activity in the air was about
10 mBg/m’ (in the afternoon on June 5 and at 18 h. on June
6,2018, when the radioactive aerosols transport was directed
to the city), and for Dytyatky — it could reach up to 1 mBgq/
m’. In general, the obtained results are in agreement with
the measurements of the cesium-137 activity in the air carried
out by the ASKRO networks of the “Ecocenter”, as well as the
data of SSTC NRS (Fig. 9).

Conclusions

According to the both direct measurement data and
modeling results an increase in the activity concentration
in the air during forest fires in the ChEZ is quite low. It does
not lead to a significant increase in the dose of the population
of Ukraine and other countries. However, the problem
of assessing the forest fires danger in the contaminated
territories in the ChEZ remains relevant. Each event of a
forest fire in the ChEZ attracts the attention of the media and
the population living near the ChEZ, including the residents
of Kyiv and other major cities. In the case of particularly
large and prolonged fires, radioactive aerosols can spread
over long distances outside Ukraine, including the countries
of Western Europe. Therefore it is necessary to have a reliable
means for rapid assessment and prediction of atmospheric
transport of radioactive aerosols rising into the air as a result
of forest fires. To date, the main problem that requires further
research is the development of methods for operational
determining the parameters of the forest fire territory as an
area non-stationary source of radioactive aerosols. Among
them are the following:

1. Rapid assessment and prediction of the territory
size covered by a forest fire, including the temporal dynamics
of the spread of the fire front. In general, it is necessary to use
a special surface fire spread models for the calculation of fire
spread over the area taking into account the properties
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of the area and weather conditions. However, these models
require detailed information on the characteristics of the
forest, which is not always available. These values can be set
according to the observations and by expert estimates.

2. Estimations of the value of the radionuclide emission
fraction during forest fires are differed considerably — from
a few percent to 70 % according to the reviewed experimental
and modeling works. The most valid are the results of field
experiments and model estimates of the radionuclide
emission fraction, carried out for the fires in the ChEZ,
which give values 3-5% of '’Cs and *°Sr and up to 1%
of the Pu isotopes. Conditions of experiments for biomass
burning, for which estimates are obtained from 20% and
above, as a rule, don't fully correspond to the real conditions
of the wood burning in a forest fire. In addition, it’s necessary
to note that in the second year after the deposition the bulk
of radionuclides migrates to the forest litter and soil. As a
result, the proportion of radionuclides that could potentially
be raised to the atmosphere from forest fires, in their total
stock in the contaminated area is steadily decreasing over
time. Thus, the model estimates of the effects of forest fires
on the territory of Ukraine and neighboring countries,
obtained using the emission fraction value of 10% or more,
can be considered as very conservative.

3. Effective height of the smoke plume lifting over a forest
fire. Its value is determined primarily by the ratio between
the kinetic energy of the rising air flow (determined by the
intensity of heat release in the fire zone) and the wind kinetic
energy.

4. The size distribution of particulate matter formed
during burning The large particles (more than 20 microns)
that are formed in a fire, deposited near the burning territory
up to 100 meters). Ignoring this factor in the simulation
could lead to an overestimation of the long-range transport
of radionuclide’s, and simultaneously to an underestimation
of the value of the additional deposition in the near
(up to 100-1000 m) fire zone.

Clarification of these parameters values and methods
for their reliable estimation will enable to improve models
of atmospheric transport of radioactive aerosols rising into
the air as a result of forest fires, for a variety of spatial scales.
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Tuemumym npobnem 6esnexu AEC HAH Yxpairu,
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“Ilepsaste cneyianizoeane nionpuemcmeo “Exouenmp”,
eyn. lxinvta, 6, Yoprobunv, 07270, Ykpaina

OmniHKa paflioaKTMBHOTO 3a0pyHEHH I NOBITPA
BHACTiJIOK TicOBOI noxKexKi B YopHOOMIbCBKill 30Hi
Bimuy:xeHH:A 5-8 yepBHa 2018 p.

HaseneHo pesynbTaTit MOIEMIOBaHHA PO3IIOBCIOKEHHA
PanioaKTVBHIX aepO30JIiB, AKi HOTpammIm B arMocdepy B
pesy/IbTaTi oKeXi Ha AITHKAX /Ticy B YOpHOOM/IbCHKiit 30Hi
Bimuay>xeHH1 (y partoni CBAII-2) y nepion 5-8 uepsH: 2018
p. Ins owiHky 1i Hac/migKiB 6y/10 BUKOPUCTAHO KOMIUIEKC
Mogerneit Incturyry npo6nem 6esnekn AEC HAH Ykpainn,
AKUII BK/IIOYA€ Me30MACIITaOHy MOJie/Tb IIPOTHO3Y MOTOM
WRE mozienb popMyBaHHsI KOHBEKTUBHOTO CTPYMeHs Hajl
ITOIIEIO TIOXKEKi Ta JTarpaHKoBo-efiepoBy mudysiitHy Mo-
menb LEDI armMocdepHOro nepeHeceHHs pafiOHyKIfIiB Ta
IXHPOTO OCafI)K€HH Ha MiCTIIbHY ITOBEPXHIO. MopenbHi
PO3PaxXyHKV pO3HNOBCIOIYKEHHA Pafi0aKTVBHUX NPOAYKTIB
TOpiHHA BMKOHAHO Ha BificTaHi fo 100 kM Bif pajioHy mo-
xexi. HaBezieHo pesynbraryt mpo6oBif6opy 3paskis micoBoi
HiJCTUIKM, IO BUTOPIi/Ia, Ta BEPXHBOTO NIAPY IPYHTY, BUKO-
HaHIX 3 METOIO OITiIHKM 3aIlaCiB aKTMBHOCTI Ha IBOX Ji/ISTH-
Kax noxkexi. CepejHe 3Ha4eHHS LIIBHOCTI 3a0py/HEeHH:
noBepxHi '¥’Cs craHoBut0 6/13bK0 2,85 MBK/M? (32 Bapia-
6empHOCTI 3HaYeHb Bix 1,02 o 5,40 Mbx/M?). IToTyxHicTh
€KCITO3UIIIIHOI 03U Ha AUIAHKAX, 11J0 BUTOPiIN, BapiloBaa
Biz 0,288 o 1,38 MmP/rox. 3rigHo 3 pospaxyHKaMy MaKcu-
MaJjIbHe 3Ha4eHH: aKTUBHOCTI '¥Cs y mpr3eMHOMY HOBITpi
B KueBi B okpemi mepiofyt oykexXxi MOIVIO ZOCSTaTy G/IM3bKO
1 mbx/M?, y YoproOwi — 6ins 10 MBx/m®. Otpumati pe-
3y/IbTAaTH B LJIOMY Y3TOPKYIOTbCSA 3 JAHNMM BUMIipIOBaHb
akTMBHOCTI "’Cs y MOBITpi, 1[0 IPOBOAWINICH MEPEXKEI0
IIOCTiB aBTOMAaTH30BAHOI CHCTEMY KOHTPOJIIO paflialliifiHOl
o6¢cranoBku (ACKPO) [IT «ExorieHTp», a TAKOX IaHUMI
1po6oBif6opy nosiTpst B ¢. Mia KuiBcbkoi o6macri (pesyib-
Taty Jlep>KaBHOTO HAyKOBO-TEXHIYHOTO LIEHTPY 3 AfIePHOI Ta
papiariitHoi 6e3mekn). BuzineHo ocHOBHI po6iemu Mopie-
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Evaluation of Radioactive Air Contamination

JIIOBaHHS BTOPYHHOTO 3a0py/JHEHH MOBITPsI palioaKTYBHN-
MM a€pO30/LIMI BHACTIIIOK JTICOBX IOXKEX Ha PaZioaKTUBHO
3a0pyHeHii TepUTOpii, 1110 TOTPeOYIOTh MOAAIBIIOTO YTOY-
HEHHA NIPY YJOCKOHA/IEHH] BiflTIOBITHNIX MOJEEN, a caMe:
a) iHTerpallisa Mofieneir arMOCepHOro IepeHOCy pajioHy-
KI/Ti/IiB 3 MOJE/LIMI PO3IIOBCIOKEHHA (PPOHTY MOXKeXKi Ha
TEPUTOPI, 1J0 TOPUTD; 6) OLIHKA YaCTKU aKTUBHOCTI, IIJO
MififIMAa€ETbCA B MOBITPsI PY IOXKEXKi, Bifl 3ara/IbHOTO 3aIla-
Cy PamioOHYKIIAIB y icOBilt ab0 TpaB sHilk AIAHI; B) OLIiHKA
eeKTVBHOI BUCOTY MiIOMY IVIMOBOTO CTPYMeH:I HaJl TepH-
TOPIEI0 MOXKEXKi; T) TapaMeTpu3aliia pO3HOIITY aepPO30/IbHIX
9aCTOK — MPOAYKTiB FOPiHHA 3a PO3MipaMIL.

Kntouosi cnosa: micosi moxexi, pecycrieHsis, pagionykiigu,
aTMocdepHe IlepeHeceHH A, MOIe/II0BaHH A, 30Ha Bi[4y>KeHH .

H. H. Tanepko', T. [I. /Ies', C. V1. Kupees?,
B. A. Kammyp', A. I. Ky3pmenko'

Hnemumym npobnem 6esonactocmu ASC HAH Yipaunol,
yn. Jlvicoeopckas, 12, Kues, 03028, Yxpauna

2Tocydapcmeetoe CHeyuanu3uposarHoe npeonpusmue
“Oxouenmp’, yn. lkonvras, 6, Yeprobuinw, 07270, Yipaura

OneHKa pafiI0aKTMBHOTO 3arPA3HEHNA BO3AyXa
B pe3y/IbTaTe IeCHOTO NoKapa B YepHOOBIIbCKOIT 30He
oTyy:KaeHus 5-8 mons 2018 1.

IIpuBeneHbl pe3ynbTaThl MOAEIMPOBAHUS PACIPO-
CTpaHEHNA PaiNOaKTVBHBIX a9p030JIeil, TIONABIINX B aT-

Mocdepy B pesy/bTaTe IOXKapa Ha y4acTKax jeca B YepHo-
ObUTbCKOV 30He OTUy>Kzienus (B paitoHe XOST-2) B nepuop
5-8 urons 2018 1. [l oLleHKM ero MoC/IenCTBII ObIT UC-
HI0/Ib30BaH KOMIUIEKC MOfieneit VIHcTuTyTa mpobem 6es-
onacHocT ADC HAH YkpanHbl, KOTOPBII BKIIOYAeT Me-
30MacIITabHYI0 Mofenb mporaosa norogsl WRE Mozens
¢opMupoBaHNA KOHBEKTMBHOM CTPYM HaJl IUIOIA/IbIO
HOXKapa U JIATPaHXXeBO-3i/1epoBY A Qy3NOHHYI0 MOZIENb
LEDI armoc¢epHOro IepeHoca paayoHyK/INIOB M VX OCaXK-
JIeHIAA Ha TTOfICTIIAONIE}T IIOBEPXHOCTI. Moyie/tbHbIe pacye-
ThI PACIPOCTPAaHEHN PaII0aKTYBHBIX IPOYKTOB TOPEHVIA
BBITIO/IHEHDBI Ha paccTossHuM o 100 KM OT parioHa nmoxapa.
ITpuBeneHsI pe3ynbTaThl MPOH60OTOOPA 0OPA3I[OB BHITO-
PpeBIIIelt TeCHOTI IOACTIJIKU VI BEPXHETO CJI0SI TIOYBBI, BBI-
TIOJTHEHHBIX C Ie/IBI0 OLIEHKY 3aI1acOB aKTMBHOCTM Ha IBYX
yJacTKax nokapa. CpejHee 3Ha4eHNe INTOTHOCTY 3arpsi3He-
H1sA noBepxHocTy '’Cs cocTaBuo okono 2,85 Mbx/M? (ipu
Bapuabe/IbHOCTI TON Be/m4uHsI oT 1,02 1o 5,40 MBk/m?).
CormacHo pacueTaM, MaKCUMa/lbHOE 3HaYeHNe aKTWB-
HocTi ’Cs B mpuseMHOM Bo3nyxe B Kuese B oTmenbHbIe
HepuoAbl I0XKapa MOIJIO JOCTUTATh 3HAYEHUI OKOJIO
1 mBx/M?, B YepHOoObITe — OKOMIO 10 MBK/M. TTonyueHHbIe
Pe3y/IbTaThl B LIEJIOM COITACYIOTCS C JAHHBIMU M3Mepe-
HIiT akTUBHOCTY 'Cs B BO3/IyXe, IPOBOAMBIINXCSA CETHIO
IIOCTOB AaBTOMATU3MPOBAHHOI CHICTeMbI KOHTPOJIA pajya-
uyonHo o6cranoBku (ACKPO) I'TI “OkoreHTp”, a Takke
JAHHBIMU IIP0600TOOpa Bo3ayxa B ¢. Muta KueBckoit o67a-
ctu (pesy/nbTaTel [ocyapcTBEHHOrO HAYYHO-TEXHIYECKOTO
LIeHTpA I10 SAEPHOI 1 PafiNaIYIOHHO 6e30IacCHOCTM).

Kntouesvie cnosa: necHble ITOKaphl, PECYCIIEH3MA,
PaIMOHYKIN/bI, AaTMOC(EPHBI TepeHOC, MO POBaHNeE,
30Ha OTYYX/IEHUL.
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IIpo papianiinanic BIvinB 3anopizbKoi
Ta I0kHOo-YKpaincbkoi AEC Ha moBKimisa

Kntouosi cnosa:

ATOMHA €/IEKTPOCTAaHIIif,
papianiiinmii BIVINB,
TOBKiNs,

1:378:979197 8

CKUIN.

Ha mpukiagi po6oTu ABOX HaltbGiIbIINX aATOMHUX €eKTPOCTaHILiM YKpaiHu — 3amopi3bkoi
(3AEC) i I0xHo-Ykpaincpkoi (FOYAEC) — posrnanyTo nuTtanHA papgianiitHoro srnsy AEC
Ha JIOBKIiJI/Ifl 3a TPUBAJIOL eKCITyaTallii B HOPMa/JIbHOMY PEXMMi.

PosrnanyTOo mKepena Ta OCHOBHI Pe3y/IbTaTi TAKOTO BIIMBY, 30KpEMa: IMHAMIKY SMiHM IOTYX-
HOCTi 103V raMMa-BUIIPOMiHIOBaHH:A Ha npomMaiifanunkax JOYAEC 3a 34 poku criocTepekeHb
(1983-2017 pp.) Ta 3AEC 3a 29 pokis (1984-2012 pp.), po3NOAiN piYHNX CYMapHUX IOKa3HUKIB
panioaKTMBHMX BUKMAIB B aTMOc(epy i pafioakTMBHUX CKMAIB Y 30BHiIIHI Bogoiimu 06ox AEC
3a POKM eKCIUTyaTalil; AMHaMIKy 3MiH cepefHbOI 06'€MHOI aKTUBHOCTI pagionykigis '¥Cs Ta
*Sr B atMocdepHOMY noBiTpi Ha mpoMMaiifaHunkax AEC B aHanisoBaHi nepiopy; 3MiHu cepefi-
HbOPIYHUX 3HAYEHb CYMapHOI 6eTa-aKTUBHOCTI aTMOCEPHUX BUIIAfAHb HAa IIPOMMAiifaHIMKaX
IOYAEC 3a nepiop, 1983-2017 pp. ta 3AEC sa nepiop 1985-2012 pp. PesynbTaTu croctepexeHb
MOPiBHAHO 3 AHAIOTiYHMMM JAHMMI, Oflep>KaHUMMU JIO ITYCKY B eKCILTyaTalifo koxHoi AEC.

Ha mifcraBi mpoBefieHOro aHai3y 3p06/IeHO BUCHOBOK, 110 po6ota FOYAEC i BAEC mpakTuuHO

He BIUIMBAE Ha PafliallifiHNIL CTaH y paifloOHi pO3TallyBaHH CTAHIIIA.

Beryn

3a pesynbraraMy IpoBefeHHs! [lep>kaBHM HiATIpyeM-
cTBOM «Jlep>KaBHMIT HAYKOBO-1H)KEHEPHUI LIEHTP CUCTEM
KOHTPOJIIO Ta aBapiitHoro pearysanHs» (111 « THIL] CKAP»)
exororivanx ayautis KOxxHo-Ykpaincekoi AEC (FOYAEC)
y 2012 p. Ta 3anopispkoi AEC (3AEC) y 2015 p. [1, 2], a Ta-
KOXX Y paMKaXx IIepiofIHOI epeoliHKy O6e3neKn BUKOHAH-
HA oninky BBy IOYAEC Ha HaBKONMIITHE CepemoBUIIe
y 2019 p. [3] posIIAHYTO INTaHHA pafiallilfHOTO BIVIMBY LVIX
1Box Haitbinpumx B Ykpaini AEC Ha OBKi/UIA mpoTarom
YCBbOTo nepiofly iXxHboi eKcIuTyaranii. HaseneHi y crarTi gani
€ pesy/IbTaTaMy IOCTiMfHMX BUMIpIOBaHb paflialliiiHOI CUTya-
11, 1[0 37i/ICHIOTHCA Cy>XK6amu papiariittoi 6esmexku AEC.

3amnopisbka AEC € Hait6inbuIon B YKpaiHi i €EBpomi
cranniewo. [llopoky Bona renepye 40-42 mupp kBt - rox
e/IeKTPOEHePrii, IIJ0 CTAHOBUTD ITSITY YaCTUHY 3araib-

HOPIYHOTO BUPOOHMIITBA €JIEKTPOEHEPTii B AepKaBi Ta
1o/10BYHY 1i Bupo6HunTsa Ha AEC Ykpainn. [lo cknagy
3AEC BXOAUTD LIICTb €HEPro6/IOKiB 3 peaKTopaMy TUITY
BBEP-1000/B-320, cymapHa eneKTpuyHa IOTY>KHICTb AKUX
craHoBUTb 6000 MBT. Yac BBe[leHH: B €KCIITyaTallilo eHep-
ro6/mokiB Ne 1-6 — BifnoBinHO 1984, 1985, 1986, 1987, 1989,
1995 pp. Ha IOYAEC, gpyriit 3a noryxHictio AEC Ykpainn,
CbOTOJTHI €KCIITyaTyI0ThbCs Tpu eHeprobmoky BBEP-1000,
yBefleHi B eKcIuTyaraniio B 1982, 19851 1989 pp.
ITpoexTHMII TEpMiH eKCITyaTallii BCiX 3a3HaYeHUX
eHepro6/10kiB 30 pokiB. OfHaK IPaKTUIHNI JOCBiJ] €KCIUTY-
arariii mokasas, 0 GaKTUYHMI TEPMiH CTTy>KOM OCHOBHMX
koMroHeHTiB AEC HabaraTo 61/1b1miL, HiX Lie TPUITYCKasIo-
cs 3a mpoektoM. Tomy EnepreTudnolo cTpareriero Ykpaian
Ha riepioz o 2035 p. [4] mpogoB)keHHA TepMiHY eKCIUTyaTalil
mitounx eHepro6mokis AEC 3a pesynpraTamMu nepioguaHol
HepeoLiHKM IXHBOI Oe3eKy BU3HAHO OJHIM 3 OCHOBHIX
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ITpo papianiianit Binus 3anopisbkoi Ta 10>xHO-Ykpaincpkoi AEC

3aXOfiB /I peastisallii cTpaTerivyHuX Lineit y cdepi renepa-
11ii e/IEKTPOEHePrii 1 € IPiOPUTETHIM HAIIPAMOM [iATbHOCTI
HIII «HamioHanpHa aTOMHa €eHeproreHepyoda KOMIIaHisA
(HAEK) “Eneproarom”».

B ocnoBy nnpoexty AEC 3 peaktopamu Tuiry BBEP mo-
K/IafIeHO IIPVHIINII MOZLY/IbHOTO KOMIIOHYBAaHHS: Y KOKHOMY
eHepro06IoL KpiM CHCTeM HOPMaJIbHOI eKCIITyaTaliii mepef-
6ayeHo Bci cucTeMy, o 3a6e3MedyIoTh pajlialliiiHy i AfepHy
Oesrexy 6/10Ka, a TAKOXK aBapiliHe 3yNMHEHHSI, PO3XO/IOf-
YKEHHS, Bi/|Be[IeHH 3a/IMIIKOBYX TeITIOBUi/IeHb He3a/IexX-
HO BiJI peXX1My poOOTH iHIINX eHepro6IOKiB.

Po6oTa peakropa BBEP-1000 6asyeTbcs Ha perynbo-
BaHill IaHIIOTOBIN peakuii moginy sAmep *°U, Mo BXOAATDH
JI0 CKJIafy siiepHoro naansa. EHepro6oxk mpaitoe 3a aBo-
KOHTYPHOIO CXeMOIO: IIepIINi KOHTYp (pafioaKTMBHMIT) —
BOJISTHUIA, SIKMII 6e310cepeHbO Oepe TEIIo Bifl peaKTopa;
APYTUiL KOHTYp (HepamioaKTMBHMIT) — MApOBWIL, AKWIL OT-
PYIMY€E TEIIO Bifi IEPIIOro KOHTYPa i BUKOPUCTOBYE JIOTO
B TypOOreHepaTopi.

OCHOBHMMM BUIaMI MOK/IMBOTO BIIMBY Ha HABKO-
nuurHe cepenosuile mig yac pob6orn AEC BigmosigHO 1o
TEXHOJIOTIYHOTO IPOIIeCy € pafiauiramit, XimiaHui i ¢i-
3UYHUI BIVIMBYU. B yMOBaX HOpMaIbHOI eKCILTyaTanii
€Hepro6/IoKiB 3sHaUyIMMM (32 yOyBaHHAM 3HAUyLIOCTi)
€ TeIJIOBUIA, XiMiuHMIA 1 papianiiuuit Buanusy. I numre
B MaJIOVIMOBIpHMX, ajIe IPMHIMIIOBO MOXIMBUX BUITAIKaX
MaKCMMaJIbHOI IIPOEKTHOI 260 3aIIpOeKTHOI aBapii pafia-
LiMiHUIA BIVIUB CTa€ foMiHyo4nM. [IpoTe TpagumiiiHo came
papianiitanit Bims po6otn AEC BUK/INKae HatbibIe 3a-
HEITOKOEHHA I'POMAJICBKOCTI.

Tennosuii BIVINB Ha HABKOJIMILIHE CEPEIOBMIIIE MOX-
JIMBMIA BifI TEIIOBYX BEHTIIIALIIIHIX BUKVJIB B arMocdepy
Ta TEIUIOBMX CKMJIB IpyU pOOOTi rifpOTeXHIYHNX CIOPYA;
Bij Opy3KaIbHMX 6aceiiHiB CCTeMM TEXHIYHOTO BOIOIIOCTA-
JaHHSA BiJIIOBila/IbHMX CTIO>KMBAYiB Ta BiJ] OXONMOIKyBayiB
TeII00OMIHHOTO YCTaTKyBaHH KOH/IEHCATOPiB TYpOiH 1 He-
BiIIIOBima/TbHUX CIIO)KMBAYiB.

Ixepenamu Ximignoro By AEC Ha HAaBKO/IMIIHE
cepefoBUILE € IEPiOAYHI Hepa/[ioaKTUBHI BUKMU/Y 1 CKUY,
I1J0 BUHUKAIOTD Ha 00’ €KTaX i CrIopyAax MpoMMarigaHunKa
Ta MalOTb Y CBOEMY CK/IaJli XiMi4Hi e/leMeHTH i pe4OBU-
HIL, TPAaHNYHNI BMICT AKNX PeIIAMEHTYETDCS Ail0UVMI
CaHiTapHMMU HOPMaMM i IpaBUIAMMU.

Y nponeci excrinyaranii AEC HeMUHYYUM € yTBOpPEH-
H1 TA30IOfiOHVIX, TBEPAMX 1 PIIKMX ITPOAYKTIB, [0 MiCTATD
y CBOEMY CKJIaJii pajlioaKTUBHI eneMeHTH. Pagianiiamii
BIUIMB eHepro6/10Ka OB sI3aHII 3 IXHIM BUXOJIOM Y HaBKO-
TIMIIHE CEPENOBUIIE.

Bignpanposane afgepue nanuso (BAII), mo yrBo-
PIOETDHCA Mic/IsA BUKOPUCTAHHS CBIXKOTO MA/INBa B aKTWB-

HiiT 30Hi peaKkTopa, Mic/s1 ZOCATHEHH IIPOeKTHOI I/TMONHM
BUTOPSIHHS BUBAHTa)KYEThCS B IPUPEAKTOPHI 6aceiiHm BU-
TPUMKI, Jie 30epiraeTbcs IpoTAroM 4-5 poKiB J/Is1 3MeH-
HIEHHA PafioaKTUBHOCTI i 3aTMIIKOBOTO TEIIOBU1/IEHH .
Cepenubopiunmit 06csr BATI, 1110 BMBaHTaXXY€ETbCA 3 OFHO-
ro peakropa tuny BBEP-1000, cranoBuTb 42 manuBHi 36ip-
ku. Ha 3AEC mopoxy 3arajiom BUKOPUCTOBYETHCS ONU3BKO
252 36ipku, Ha OYAEC — 126.

ITpoextHuMmu pimenusmu AEC 3 BBEP-1000 nepen6a-
4yeHo nepepo6ky BAII 3 BuTydeHHAM LIiHHUX IPOAYKTIB,
IJ1s1 90TO BOHO BifinpasnAnoch Jo Pocilicbkoi @epepatii
Ha [OTIepeHE TeXHO/OTriuHe 36epiranHst. OfHAK OCKi/TbKI
Ha o4yaTKy 1990-X poKiB BUHMK/IM IPOO/IEMI 3 BYBE3€H-
uam BAIL 3AEC oronmocuia Mi>kHapogHIIT KOHKYPC Ha
KpaIyii IPOeKT MPUCTaHIifHOTO TMMYacOBOTO CXOBUINA
BSII. Y pesynbrari Ha 3AEC 6y710 obygosaHo i B 2004 p.
BBEJIEHO B IPOMICIIOBY €KCIUTyaTallifo cyxe cxouie BAII
(CCBAII) Ha 0CHOBI TeXHONIOTiI aMepMKaHCHKOI KOMIIaHii
Duke Engineering & Services. CxoBuiie po3paxoBaHe Ha
po3smineHHs 380 KOHTeITHEPiB, B AKMX MOXKHa 30epiraTu
9000 rmanuBHUX 36ipOK, 1110 3abe3meuye GesnedHe 30epiraH-
Ha BAII 3AEC 3a Bech nepiog ii ekcIuryaranii.

Ins 36epirannsa BAII inmux peakropis tuny BBEP
AEC Ykpainn HuHi y 30Hi BiguyxenHa YopHOOMIbCHKOT
AEC [ITT «<HAEK “Eneproarom™ 3piiicHIO€ Oy/jiBHUIITBO
LentpanizoBanoro cxosuma BAII peaktopis BBEP AEC
Ykpainu (HCBAII), sike mepen6auae cyxe 36epiranus BAIT 3a
TEXHOJIOTi€l0 aMepuKaHCcbKoi Kommanii Holtec International.
LICBAII pospaxoBaHe Ha 36epiranHs 16 500 36ipok TepmMiHOM
1o 100 poxis. BeeieHHA B eKCIITyaTallilo IIEPLIOro ITyCKOBOTO
KOMIUIEKCY 00’ €KTa IVTAHYETCSA y ApyroMy KBapTai 2020 p.

Amnanis smuBy AEC Ha foBKimna

Mertoro 3pijicHenHs ekonorivaux ayputis 3AEC Ta
IOYAEC 6y/10 BU3Ha4YeHHs eKOIOTi4HOI 00T PYHTOBAHOCTI
Ta e(peKTUBHOCTI po6OTH eHepro6IoKiB y pasi MpomoB-
JKe€HH:A TePMiHiB IXHbOI eKCIITyaTallii, BCTAHOB/IEHH Bif-
MOBiJHOCTI 1ji€1 BisbHOCTI (i3 MPOJZOBXKEHH TEPMiHiB)
BMMOT'aM 3aKOHOJJaBCTBa 3 OXOPOHM JJOBKIJI/IA.

Y mporeci eKoIorivHOro ayAuTy /i HOpMaJIbHUX
YMOB eKCIITyaTalil eHepro6/IoKiB Ta MOX/IMBYUX IIPOEKT-
HIIX aBapiit 6y10 mpoaHaTi30BaHO TaKi BIUIVBM:

Ha JOBKI/IA (Teo/oriyHe cepenoBuile, MOBITpsiHE
cepefioBHUIlE, BOHE CEpeNOBUILE, IPYHTU, POCTMHHNII
i TBApMHHMIT CBIT, 3aMIOBi{HI 00 €KTI);

Ha HaBKOJIMIIHE COLjiaJIbHE CepelOBUILIE;

Ha HaBKOJIMIIIHE TEXHOT€HHE CEPENOBUIIIE;

Ha HaBKOJIMIIHE CepefOBUILE Y TPAHCKOPIIOHHOMY
KOHTEKCTI.
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CanirapHo-3axucHi 30HH, ycTanosneHi ana 3AEC Ta
IOYAEC BinmoBifiHO 0 IPOEKTY Ta 3aKOHOAABYO-HOPMa-
TUBHMX BUMOT, MAalOTh pajiiyc 2,5 KM, a 30HU CIIOCTepe-
)KeHHA — 30 Km.

CrarucTrka nopyieHs y po6ori enepro6mokis 3AEC
ta JOYAEC, sk i B3arasi cTaTucTiKa NopyeHb y po6ori
BCix eHepro6mokis BBEP, mjo excriryarytorbes B YkpaiHi,
HOKa3ye, mo 3 2000 p. mopyureHs Buie 1-ro kmacy (aHo-
Matis) 3a Mi>kHapopHow 1kasoo INES Ha nux enep-
ro6710Kax He BiiOyBaIoCh.

3a excrunyaranii AEC y HopManbpHOMY pexmnmi
3abe3medyeTbCcsl JIOKaisalis OCHOBHOI KilTbKOCTI
pallioaKTMBHUX NMPOAYKTIB y peaKTOPHill yCTaHOBIi
Ta y CHeljiaJIbHUX CUCTeMAaX BOJO- Ta Ta300YMILEHH.
OpHax uepes #esKi IpMYMHYN He3HAYHA YaCTMHA pajio-
HYKJIifIiB BCe )X BUXOAUTD Y HABKO/INIIHE CEPEOBUIIE.
BenmuimHa iXHbOTO HaJIXOMKeHH 3/1e6iTbIIOro 06yMOB-
JIeHa BUXOJ,OM pafiOaKTMBHUX rasiB 3 leaepaTopis Mif-
JKUBJICHHs Ta 6aKiB OpraHi30OBaHUX IIPOTiKaHb, a TAKOX
MO>X/IMBOIO HASABHICTIO HEI[i/TBHOCTEN Y Pi3HMX TEXHO-
JIOTTYHMX CUCTEMaX eHepPro6IOKYy.

3HATTA «HYTBOBOTO OHY»

BusuenHs papianiitHoi curyanii B 30Hi BivmBy JOYAEC
ta 3AEC 6y710 posnovaro 3a 2 poku 10 Iepefr6adyBaHOrO
ITyCKy KO>KHOI cTaHIjil. [Tporpama BuBYeHHA pagialiiiHOl
cutyanii B parioHi posrauryBanHsa AEC (3HATTS «HY/IbOBOTO
¢ony»), 30Kkpema, nepenbayana [5, 6]:

M3B/pik
1.6

14
1.2

1.0

CIEKTPOMETPUYHI i pafjioMeTpMYHI BUMipIOBaHHS,
pagioximiunmit ananis BMicty mryunux (*°Sr ta ¥Cs)
Ta npuponHux (P*U, #°Ra) pafiioHyKIiAiB y mpo6ax aTMoc-
¢epHOro noBiTps1, aTMOChepHMX BUIIAIaHb, IPYHTY, BOAU
Ta JJOHHVX BifIK/IaJleHb, HA3eMHO{ i BOJTHOI POCIMTHHOCTI.

BJMIipIOBaHHA IPUPOTHOTO raMMa-(QoHy Ha Miclie-
BOCTI Ta iH.

IoTy>XHicTb J03M raMMa-BUIIPOMiHIOBAaHHSA
Ha MiCIIeBOCTi

IoTy>xHICTb O3V raMMa-BUIIPOMiHIOBaHHSA BUMipIO-
Baslacs 3 Hoxuobkowo + 20 % Ha piBHI 1 M Bix moBepxHi
3emIi. 3TigHO 3 pesy/nbTaTaMiu BuMipoBaHb y 1983 p. mo-
6m13y 3AEC cepenHiil piBeHb raMMa-(oHy TyT CTaHOBUB
(0,72+0,086) m3B/pix, 110 BiATIOBia€ 3BMYATHOMY PiBHIO,
XapaKTepPHOMY Jyisl Oi/IbIIOi YaCTMHM TEPUTOPIl KOMNUII-
Hporo CPCP. [lemo Bui cepeHi MOKa3HMUKI MIOTY>KHOCTI
TO3M 3a JaHVMY BUMIipIOBaHb, IpoBefeHnx y 1979 11980
pp- mo6rmzy IOYAEC: (0,92+0,03) i (0,88+0,04) m3B/pik
Bi[IIIOBI[{HO, € XapaKTepHMMM /it MMKO/IaiBChKOI 00/1aCTi.
ITpu oMy Haitbi/IbLIi piBHI TOTY>KHOCTI J03Y1 raMMa-BM-
IIPOMiHIOBaHH: CIIOCTEPIralOThCA B MIiCIIAX, fie CKENIbHI MOo-
ponu pefcTaB/IeH] poXXeBO-CipUMI TpaHiTaMy, IO BUXO-
IATb Ha TOBEPXHIO.

Ha puc. 11 2 npepacrasneHa AuHaMiKa 3MiHM 3Ha-
4eHb CepeHbOPIYHOI IOTYXXHOCTI 1031 raMMa-(oHy Ha
npommarniganunkax IOYAEC 3a 34 pokn crioctepexeHb
(1983-2017 pp.) Ta BAEC 3a nepiox 1984-2012 pp. IIpsami

Hynbosuit pon

03 .\‘/4

0.6

v

0.4
0.2

0.0

1983 1985 1987 1989 1991 1993 1995 1997

1999

2001 2003 2005 2007 2009 2011 2013 2015 2017

Puc. 1. IJnHaMika 3MiHM HOTY>XHOCTi J0O31 raMMa-BUIIPOMiHIOBaHHA Ha mpomMalifanduky IOYAEC
3a nmepiop 1983-2017 pp.
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M3B/pik

1.60
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Hynbosuii pon
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Puc. 2. lnnamika sMiHM TOTY>XKHOCTI 1031 TaMMa-BUIIPOMiHIOBaHHA Ha NpoMMaiinanunky 3AEC
3a nepiop 1984-2012 pp.

7MiHil Ha IMX PUCYHKAX — CepefiHi 3HaYeHHA raMMa-QoHy,
BMMIpPSHOTO [I0 BBe[leHHA B eKCIUTyaTanifo KoxxHoi 3 AEC
(«aynboBuit hoH»).

Sk Mo)XHa 6aunMTM 3 PUCYHKIB, 3HAUEHH:A Cepef-
HbOPIYHOI MOTYXHOCTI JO3M raMMa-BUIIPOMiHIOBaHHA
MIPAaKTUYHO He 3MiHIOIOThCA i HaBiTh Ha MPOMMalijaH-
yykax IOYAEC ta 3AEC 3pe6inbuioro He mepesuuy-
I0Th 3Ha4Y€Hb MOTY>XHOCTI J03M, BUMIPAHNX 10 ITYyCKYy
mepiroro 6710Ka KOXKHOI 3i cTaHIit. BUHATKOM € moB’s-
3aHmit 3 nofisimu Ha YopHoOmabchkin AEC 1986 p. Ta
HaO/IVDK Yl MiCTT90PHOOMIBCHKI POKL.

Buxupy aTOMHUX eIeKTpOCTaHILil

KinbkicTp pajjioakTUBHUX PEUYOBUH, HAJXOJ KEH-
HA AKUX Y HABKOJIMIIHE CEepeJOBUINE NONMYCKAEThCA
3 ra30-aepo30/JIbHUMU BUKUJIAMHU i BOTHUMM CKUJAMU
B nipoueci po6otu FOYAEC i 3AEC, Bu3Ha4eHO B JOKY-
MeHTax [7-9]. 3okpeMa, Yy IMX JOKyMEHTaX HaBeJeHO
MepeTiky pajioHyK/IifliB Ta 3HAYE€HHA JOIIYCTUMUX BU-
kupiB ta ckupis AEC, BcTaHOBIIEHI BiiTOBigHO 10 HOpM
papiariiiHoi 6e3mexu Ykpainu (HPBY-97) [10] nHa ocHOBI
KBOTH JIIMITY 103 i BUXiTHNX JaHNX, CHeUpIYHUX A1
AEC. BcraHOBNEHMI JOTYCTUMMIL BUKNUJL HE 3a/I€KUTD
Biz KinbkocTi eHepro6okiB AEC, 1110 3HaXOIATHCS B €K-
crIyaTanii, Ta iX MoTy>KHOCTI. [lepeBninenHa gomycru-
MOTO BUKUZY IIpM HOPMa/IbHOMY PeXVMi eKCITyaTanii
AEC He fomrycKaeTbcs.

Yucnosi 3HaYeHHA JiMITiB BUKUZY, BCTaHOBJIEHI
B IOYAEC Ta 3AEC, HaBezieHO B Ta07. 1.

JIna KinbKiCHOI OLiHKM HaJXOJ>)KeHb palioaKTUB-
HUX pedoBUH B aTMocdepy B mporeci pobotu AEC
i XxapakTepucTUKM e(peKTMBHOCTI 3aX0OfiB, CIIpsAMOBa-
HMX Ha 3HJDKEHHA pajialliiffHOro BIVIMBY Ha OBKiJA,
BBOJUTbCA NMOKAa3HUK PajlioaKTUBHUX HaJXOI KEHb
B aTmMocdepy (K, ,):

K, z B
PHA — HBL

i

x 100 %, o)

nie B,— cepennbosio60Be 3HAUEHHS BUKMTY B arMocdepy
i-ro pafiionyKTifia (Tpymy pafioHYK/Ii/iiB) 3a 3BITHNIL IIepiof,
Mbx/nepiop; JIB, — nmimit BUKupy i-ro pagionykiia (rpymm
pamionykIizniB) B armocdepy, MBx/nepion (nus. Tabm. 1).

JlomycTrMmit BUKIJ] BBaXKA€TbCS He IIePEBUILECHIM,
AKIIO BUKOHYIOTbCS 00M/IBi 3 [JBOX HEPiBHOCTEIL:

3 16
i=1 i=2

Iie HOMePU NiJICYMOBYBaHHA 32 i BiITIOBilaloTh MOPAS-
KOBJM HOMepaM paflioHyKIifiiB (IpymnaMm pagioHyKIifiiB)
Tabm. 1.

Ha puc. 314 HaBefieHi po3NOAiNN CyMapHOTO IIOKa3-
nuka K, FOYAEC sa nepion 1984-2017 pp. ta 3AEC 3a
nepioxn 1985-2012 pp. CymapHi NOKa3HMUKY pafioaKTHB-
HUX HaJIXO/I>)KeHb B aTMOC(epy po3paxoBaHi I/ AeKib-
KOX IepiofiB, 3a sAKi iy po3pobeHi Ta BBefieH] B Lieil
4ac iMiT¥ BUKKTIB y BcTaHOBIeHOMY Ha AEC mopsapky.

3 PUCYHKIB BUJJHO, IO 33 O3HAYEH] IIepiofy eKCILTy-
aTalii 3HaYeHHA MOKa3HMKA PafioaKTMBHUX BUKUJIB
B atmocdepy IOYAEC nepe6yBanu Ha piBHi 0,12+1,24 %,

@

B; B;
<1,
JIB; B,

11
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a 3AEC — 0,11+2,37 % Big fOIyCTMMMX 3Ha4YeHb, 1[0 Bif-
MIOBi/la€ PiBHIO HOpMa/IbHOI €KCITyaTalii.

Tabnuus 1. 3uavenss mimitiB Bukugy (JIBi)
KOHTPONbOBAaHNUX pafioHyknifis, 'bk/moba [7, 9]

17 Cl
ZH_CL <1, 3)

i=1

ne CI, — 3HAY€HHA piYHOTO CKMUJY i-TO pafioHyKIifa.

H]\;H Biji, napaMeTp KOHTPOIIO Kgé\ 3AEC Ta6nuus 2. 3navenns JIC gnsa IOYAEC ta 3AEC [8, 9]
1 JoBro>xxuBydi pagioHyKmign 0.75 29 Ne | KontponboBaumit | IOYAEC, 3AEC,
(I>KH) ’ ’ /1 pafioHyKmif I'Bbx/pix TBk/pix
3
) IneprHi pa,?;(liiﬁ;l)(TI/IBHl rasm | =600 1 69000 1 H 120000 1900
- 2 SICr 44000 100
3 AMiOHYKJIiIN T10, 3,9 6,0
AONyRIIAT TORY 3 Mn 220 3,30
4 SICr 850 1600
4 ¥Fe 110 0,32
5 Mn 5,9 9,3
5 %Co 620 3,50
6 »Fe 12 25
6 %Co 31 1,10
7 %Co 15 27
7 Zn 25 0,30
8 %Co 0,32 0,53
8 89Sr 2200 6,30
9 8Sr 20 31
9 0Sr 4 0,24
10 9Sr 0,38 0,60
10 S7r 250 1,40
11 S7r 19 16
11 %Nb 1400 4,50
12 “Nb 41 61
12 106Ru 440 2,10
13 HomA o 0,53 0,79
13 “0"‘Ag 110 1,60
14 134Cs 0,45 1,00
14 Bl 2200 0,95
15 B7Cs 0,45 0,94
15 B4Cs 18 0,062
16 H 2100 | 1900
16 B7Cs 16 0,091
[IpuMiTKM. 17 44Ce 28 0,35

1. ITig repmirom [DKH yMOBHO po3yMi€Tbest 6yab-sIKa CYMILI CPEIHBO-
IOBIO>XMBYYMX PaflioaKTMBHIX aepO30JIiB, eKCIIOHOBAHNMX Ha (itbTpi
HPOTATOM OHi€T 700U i BUMIPSHMX Yepes OffHy F00Y ITC/Is 3HATTS IPOOHL.
2. 1lig repminom IPT posymierbes 6yab-sika cyMill iHepTHUX
PpafioaKTMBHMX Ia3iB — i30TOIiB aproHY, KPUIITOHY i KCEHOHY.

CKHpy aTOMHMX €1eKTPOCTaHIill

3navuenHs nimitis pivanx ckupis (JIC) pagioakTus-
HUX PEYOBVH, HA[IXOIPKEHHA AKNX Y HABKOJIMIIHE CEPENO-
Buie pomyctume 3 BogHumu ckupgamu IOYAEC i 3AEC,
HaBeJeHo B TaOI. 2.

Homyctumuii ckug, BignosigHo Ko Hopm HPBEY-97,
BCTaHOBJ/IIOETbCA HA OCHOBI KBOTH JIIMITY [I03M Ta BUXiJHUX
maHux, AKi e crrenyivanvm gy AEC. Jorryctvmmit ckup He
3aJIeXXNTh Bif KinbKocTi eHepro6mokiB AEC, 1110 3HaXO#sITh-
CA B eKCIDTyaTallii, Ta IXHbOI ITOTYXHOCTL. JloImycTrMmii CKupL
He NTepEBUIIYETDCS, AKINO BUKOHYETbCS HEPIBHICTD

IlepeBuIleHHA FOMYCTUMOTO CKUAY IPY HOpMab-
HoMy pexxuMi ekcrimyaranii AEC He gomyckaerbcs.

Ha puc. 51 6 mpeficTaBneHo AMHAMIKY 3MiHU CyMap-
HOTO IIOKa3HMKa PaJjioaKTMBHUX CKUAIB y 30BHIIIHI BO-
novimu (K, ) KOYAEC sa nepion 1991-2017 pp. Ta 3AEC
3a nepiog 2001-2012 pp. ITokasHuk 6yB po3paxoBaHMil

3a popmyroro

KPHB = Z HCLC X 100 % (4)
n A
1

KoHTponp BMicTy pafjioHyKIifiB y IpU3eMHOMY
mapi aTMocepHOro NoBiTps

[NomupenHns Ta poscitoBanua Buknugy AEC B at-
Mocdepi BifOyBa€eTbCs B pe3y/bTarti IepeHeCceHHs 10T0
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PHA?
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Puc. 3. Posnopin cymapHOro nokasHuka pafjioakTuBHIX BUKIfiB B atMocdepy FOYAEC 3a nepion 1984-2017 pp.

PHA’

2.50

0.00 -
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Puc. 4. Posmozin cymapHOro NokasHuKa pafioakTUBHUX BUKKAIB B atMocdepy 3AEC 3a nepioxn 1985-2012 pp.

%

PHB>

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0
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Puc. 5. [uHaMika 3MiHM CyMapHOTO IOKa3HMKA pafioaKTUBHUX CKU/IiB Y 30BHilIHI BogoliMu IOYAEC
3a nepiop 1991-2017 pp.
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BiTpOM i TypOyneHTHOI fudysii, 3yMoBIeHOI HAABHICTIO
B atMoc(epi 3aBUXpeHb, AKi CKIATHUM YMHOM B3ae-
MOZiITh MiX co6010 i3 moBepxHeio 3emii. llItyuna
PpanioaKTMBHICTh IPU3EMHOrO APy MOBITPs 30HU CIO-
CTepeXeHH:s 00yMOB/IeHa B OCHOBHOMY i3oTornoM ’Cs
Ha QOHI IPUPOFHMX 1 KOCMOTeHHUX pafionykiais (YK,
"Be Ta iuH.).

K

PHB

16.0

%

3HaueHHA 06'€MHOI akTMBHOCTI '¥Cs Ta *Sr y mpobax
aTMocdepHOro MoBITps, BifibpaHuX y paitoHi posTamury-
BanH:A IOYAEC i 3AEC B ponyckoBuii niepiof, IpefcTas-
JIeHi B Ta07L. 3.

IuHamika 3MiH cepefHbOPIYHOI 00’ €EMHOI aKTUB-
HocTi pagionykmipiB “’Cs ta *°Sr B aTMocepHOMY
nosiTpi npommarifanuukis IOYAEC sa nepiog 1983-2017

14.0

12.0

10.0

1

1

8.0 -

60 -

40

2.0

00 - r r r r — .

'I'I'l'-'-'L‘

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Puc. 6. ImHamika sMiHM CyMapHOTO ITOKa3HMKA PafiOaKTUBHUX CKUAiB y 30BHilHI Bogoiimu 3AEC
3a nmepiop 2001-2012 pp.
Tabnuusa 3. CepegHs 3a pik 060’eMHa aKTMBHICTb PafjiOHyKIifgiB B aTMOCchepHOMY MOBITPi
B paitoni JOYAEC i 3AEC y gomyckoBuii nepion, Mkbk/m? [5, 6]
IOYAEC 3AEC
. KinpkicTp % 137 . KinpkicTp %0 137
Pix Sr Cs Pix Sr Cs
CIIOCTEPEXKEHD CIIOCTEPEXKEHD
1976 5 1776 2664 1982 5 3,70 3,33
1977 11 925 1369 1983 28 13,57 1,85
CepeniHe 3HaUeHHA 1191 1774 CepepiHe 3HaUeHHA 12,07 2,074

Ta6muus 4. IIntoMa akTHBHICTD PafiiOHYKIifiB B aTMOChEPHUX BIUNIaJaAHHAX Y FOIMYCKOBUII nepiof, Bx/(M? - Mic)

Pix CyMapHa.6eTa— 90gy 1370 Pix CyMapHa'6eTa— %0gy 170
AKTUBHICTD AKTUBHICTDH
IOYAEC 1980 22 (8) 2,22 (23) 2,96 (18)
1977 38 (7)* 7,77 (5) 11,84 (5) 3AEC
1978 25 (21) 3,33 (21) 3,33 (20) 1982 8,51 (9) 0,37 (9) 0,25 (9)
1979 17 (12) 8,14 (20) 9,25 (14) 1983 8,51 (10) 0,37 (10) 0,25 (10)

* ¥V my’kKax BKa3aHO KiZIbKiCTb BUMIipIOBaHb.
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MKBK/M?
100000.0
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TOIyCKOBMI1 piBeHb Sr-90
100.0
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Poxu
Puc. 7. Junamika 3miHu cepegHbopiuHOi 06’eMHOi akTuBHOCTI ’Cs Ta *°Sr y moBiTpi Ha mpoMMaiifaHInKa
IOYAEC 3a nepiop 1983-2017 pp.

MxBk/M?

100.0 ~

/\ TOITyCKOBMII piBeHb Sr-90
10.0 y — e
Cs-137
l \ moryckoBuii pibens Cs-137 ‘-—\/\ / \
1.0 —— N\ g
Sr-90
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Puc. 8. Junamika 3miHu cepegabopiuHoi 06’eMuoi akTuBHOCTI *’Cs Ta *Sr y mosiTpi npommariganuuka 3AEC 3a
nepiop, 1985-2012 pp.

pp. i 3AEC y 1985-2012 pp. HaBeneHo Ha puc. 7 i 8. Cy-
LiTPHMMMU JTiHisSIMM Ha IUX PUCYHKaX IIOKa3aHO BiJIIOBif-
Hi cepefiHi 3Ha4YeHH, BUMIpsAHI B JOIYCKOBUI TEePiof,
(mmB. TabM. 3).

bararopivHi criocTepe>xeHHS 3a 3HAYEHHAMU IN-
tToMoi KoHIeHTpanii ’Cs ta *°Sr y npusemHOMYy mapi
arMmoc¢epHoro nosirps mobnusy AEC neMOHCTpPYIOTh
TEHJIEHLIII0 J10 11 3HVDKEHHS 3 POKY B pik (6e3 ypaxyBaH-

Hs BHecKy Bif YopHo6unbcpkoi AEC). ITosicHIoeThbes 1ie
THUM, IO CIOCTepe>KeHHA (PIKCYIOTh He Ti/lbKY 1e3ill Ta
crponiit 3 AEC, a 11 uesiit Ta CTpOHIi I7106aIbHOTO TI0-
XOI)KEHH, Ha (POHI AKUX 4y TIUBICTD IPUIAJIB He [1O-
3BOJIAI€ BUJ/INTY €IeMEeHTH, 110 HaIXOAUTb B aTMocdepy
3 mpanoounx AEC.

BunpobyBaHHs sagepHOi 36poi B atmocdepi, 110
O6ynu nposeneHi y cBiri go 1980 p., mpusBoguIn mo
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TOTO, 110 IPAKTUYIHO BCi IPOAYKTU BUOYXY HaTXORU-
1M B cTpaTocdepy; Ipu 1jboMy O6yB chOpMOBaHUIT OC-
HOBHUI (710 70 %) cTpaTrocdepHMIT 3amac JOBTOXIBY-
YMX TeXHOT€HHUX pafioHyKnminis. Pamionykmign, Aki
HOTpanuIu B cTparocdepy, HOTiM BUNAfa/IN HA 3eMHY
MOBEPXHIO POTATOM 6araTbox pOKiB.

3MeHIIeHHs TUTOMOI KOHIeHTpanii *’Cs ta *°Sr
r7106a/IbHOTO MOXOM>KEHH I B IIPU3EeMHOMY IIapi aTMOC-
¢depu, O CIOCTEpira€TbCsl Ha PUCYHKaX, NOBsI3aHe
3 BUCHQ)XEHHAM JI0T0 3amacis y crparocdepi (posman,
HA/IXO[)KeHHsI B HIDKHI mapu arMocdepn).

Bx/m?

10000

Y 1oi1 Xe yac 3HaYeHHs 06 eMHOI akTUBHOCTI *’Cs Ta
*Sr y nositpi npommartganunkis FOYAEC ra 3AEC 3Hau-
HO HIDKUI 3a gorrycTuMi BipnosigHo so HPBY-97 [10].

Bumicr papionykniniB B atMocdepHnx
BUNAJAHHAX

Ta30Bi i aepo307bHI BUKUAM paflioaKTMBHIX PEYOBUH,
IJ0 HAJXOAATh B aTMOCepy depe3 BeHTWIALINHI TPyOu,
PO3CIIOI0TLCs B aTMOChepi, YTBOPIOIOYN XMapy BUKUAY.
Y pexxumi HopmasbHOI excivtyaranii AEC B atmocdepy
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/ JlonyckoBe 3Ha4eHHA

10 -

1

1983 1985 1987 1989 1991 1993 1995 1997

1999

Poku

2001 2003 2005 2007 2009 2011 2013 2015 2017

Puc. 9. CepenHpopiuHi 3HaUeHHs CyMapHOI 6eTa-aKTMBHOCT] arMOC(epHIX BUIIAZAHb HAa IIPOMMAIAHINKY
IOYAEC 3a nepiog 1983-2017 pp.
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Puc. 10. CepenHbOpidHi 3HaYeHHs CYMapHOi 6eTa-aKTMBHOCTI aTrMOC(epHIX BUIIAZAaHb Ha IIPOMMAITaHINKY
3AEC 3a nepiop 1985-2012 pp.
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HAJIXOIATb HOCUTB JPiOHI aep0o307Ii, 110 PyXarThCs SIK i ras,
B SIKOMY BOHU 3aBJC/IN. A€pO30/IbHI YaCTUHKY BUIIAJAI0Th
3 XMap¥, OCifJal04 Ha MiCIJeBOCTIi Ta MirPyI04M B €7IEMEHTaX
npuiermux Jo AEC exosoriyamx cucrem.

KonTpornb 3a BMiCTOM pafjioakKTMBHUX PEYOBUH B aT-
MochepHMX BUIAIAHHAX IIPOBOIATD CeUMEHTAIITHIM
MeTOIOM — IIIAXOM 300py arMocepHIUX OIafiiB Ha 301-
panbHi WwIaHmeT-KoBeTH. CeIVIMEHTAIIITHNIT METOf], Jja€
MOYK/IVBICTb BU3HAYaTH Ki/IbKICTD paflioaKTVBHIIX PEYOBMH,
III0 BUITA/IAIOTH 3 aTMOC(epyt 3 IIJIOM i OITafjaMI1 Ha OfVIHN-
110 IUTOLL 3a MeBHMII 9ac (foOy, MicAlp Tommo). EdexTus-
HICTb TaKOTO METORY CTaHOBUTD 30 %.

Y Tabn. 4 mpefCcTaB/IeHO MUTOMY aKTUBHICTD pajiio-
HYK/IiiB B aTMOC(epHIX BUIAJAHHAX (cepeqHs 3a pik),
BuMipsHy 1o mycky AEC B excrityarario.

CepenHbpOpiuHi 3HAYEHHsI CyMapHOI 6eTa-aKTUBHOCTI
arMocdepHIX BUIIafaHb Ha mpomMarimanarkax IOYAEC 3a
nepiop 1983-2017 pp. Ta 3AEC y 1985-2012 pp. pencras-
neHi Ha puc. 9 i 10. CynibHi npsAMi Ha OVX PUCYHKAX — ce-
PeqHi JOITyCKOBi 3HAYeHHS, IO BifIITIOBIAAOTH TaO7. 4.

Pucynku mokasyroTs, 1[0 3HaYEHH: CEPEHbOPIYHOI Cy-
MapHOI 6eTa-aKTMBHOCTI aTMOC(EPHIIX BUIAJaHb HA IIPOM-
mariganunkax FOYAEC i 3AEC nepe6yBaroTh IpakTUYHO Ha
OJJHOMY J1 TOMY 3K piBHi, 3a BUHATKOM 1986 p., IOB’A3aHOTO
3 nopgisimu Ha YopHobmnbcpkiit AEC. To6to papioakTnBHI
BUIIQJIAaHHA 3 aTMOC(HEPHOTO MOBITPS, IO CIIOCTEPIraloThb-
cs1, 00YMOBJIeHi B OCHOBHOMY IJIO6a/IbHVIMI BUIIAJAHHAMNI
i e HesHayHOIO Miporo Bukugamu AEC.

BucHoBk1

Ha mipicraBi anasisy HaBeieHUX y CTATTi JAHUX MOX-
Ha 3pOONUTH 3ara/JibHIIT BUCHOBOK, 1110 po6oTa JOYAEC ta
3AEC mpakTu4yHO He BIUIMBA€E HA PafialiliHy CUTYalilo
B paJiOHi pO3TaIllyBaHH:A CTAHIiIL

To6to papiariiiaa curyaris no6msy AEC, mio mpario-
I0Tb Y HOPMa/IbHOMY PeXXVMi, 371e01/IbIIOro BU3HAYA€ThCA
BUIIPOMiHIOBaHHAM IIPUPOSHUX PafiOHYK/IiAiB, paflioHy-
K/IiJjiB KOCMOT€HHOTO MTOXOMPKEHHA Ta paflioHyKIIifIiB IJI0-
6ampbHOrO 3a0py/iHEHHA aTMOCcdepy IPOFYKTaMI MOy,
1[0 YTBOPWINCA TIif] Yac KOMUIIHIX BUIIPOOYBaHb siiepPHOI
36poi. Yactku BukuziB AEC cyTTeBO MeHIL, iHOAI HIDK4e
MiHiMa/IbHOI BUMipIOBaHOi aKTMBHOCTI, Ta HE IEPEBUIIYIOTh
3HAYeHb, PEIIAMEHTOBAHNX HOPMAaTUBHIMM JOKYMEHTAMIL.

CI1coK BUKOPUCTAHOI TiTepaTypu
1. 3Bir mpo exomoriunmit aygut exepro6mokis IOYAEC /

Mineneprosyrinna Ykpaiam, JIT «JHIL CKAP». —
Kwnis, 2012. — 250 c.

10.

11.

13.

3BiT npo ekonoriunnii aygut BII «3anopispka AEC» /
Mineneprosyrinna Ykpainn, JII «JHIL CKAP». —
Kuis, 2015. — 479 c.

IOxHo-Yxkpaincoka AEC. Enepro6mox Ne 3. 3Bir
3 mepiogn4uHol mepeoninku 6esmexu. Paxrop Ne 14.
B excrnyaranii AEC Ha HaBKOMMIIHE cepefoBuie /
Mineneprosyrimna Ykpaian, JI1 «<HAEK «Eneproatom»,
OIT «THIL CKAP». — Kunis, 2019. — 158 c.
Eneprernuna crparerisa Ykpainu na nepiog go 2035 poky
«besneka, eHeproeeKTUBHICTD, KOHKYPEHTOCIIPOMOXK-
HicTb». CxBaseHo posnopsamxkenHam KMV i 18.08.2017
p- Ne 605-p. — 66 c.

PapgmannonHast o6cTaHOBKa BOKPYT FOskHO-YKpamHCKoit
ASC B mpenycKoBoii mepuop, (CHATME HyIeBOro GpoHa).
Oruér AN AH YCCP, Ib® M3 CCCP. — Huxonaes-
cxasa O61CIC, Kues, 1980.

PapmaronHast 06CTaHOBKA B pailoHe pasMeleHus 3a-
nopoxckoit A9C 1o mycka ee B 3Kcrayaranuo. Otyer
Nb® M3 CCCP. — M., 1983.

00.PB.XQ.Pr.04-12. JJomycTuUMBbIit ra3o-a3po30/b-
HbIT BeIOpOC 3amopoxckoit ADC (pagnannoHHO-TH-
TYMeHNYeCKMI perlaMeHT IepBOil Ipymnmsl) [YTBep-
KpeH MO3 Ykpannsl, nucbmo Ne 7.03-58/122/2673 ot
30.01.2013r.]. — 8 c.

00.PB.XQ.Pr.05-12. JorrycTrMblIit BOZHBI cOpoc pagu-
OaKTUBHBIX BelllecTB 3anopoxkckoit ADC (paguanuoH-
HO-TUTVEHWYeCKIII perlaMeHT IIepBOi TpynIbl) [YTBep-
xkpeH MO3 Ykpannsl, nucbmo Ne 71003-58/3048/13695 ot
02.10.2012r.]. — 7 c.

PI.0.0026.0159. HomycTummit ra30-aepO30/IbHII BUKIT,
i JomycTMMuit BOGHUI CKUJ, PafioOaKTUBHUX PE€YOBUH
y HaBKonuiuHe cepepoBuine BII «OxHO-YkpaiHchKa
AEC» (papianiitHo-ririeniuHuit permaMeHT nepuoi rpy-
mu) [BBepmeHo nakasom Ne 13 Big 02.01.2018 p.]. — 11 c.
HPBY-97, ITH 6.6.1.-6.5.001-98. HopMmu papgianinzoi
6esmexkyu Ykpainu. [lep>kaBHi ririenivni HopmaTusu
[3aTBepmyKxeHi IOCTAaHOBOIO ['0JI0BHOrO Hep>KaBHOTO
canirapHoro nikapsa Ykpainu Bif 01.12.1997 p. Ne 62]. —
127 c.

HCII 6.177-2005-09-02. OcHOBHI caniTapHi npasuIa
3abesnevyeHHa papianiitaoi 6esnmexn Yxpainu OCIIY.
[3arBepmxeni HakazoM MO3 Ykpainnu Big 02.02.2005 p.
Ne 54]. — 120 c.

. PI.0.0026.0120. PernaMeHT pafguanMOHHOIO KOHTPOIA

OIT IOYASC ot 22.12.2015T. — 153 c.

OTueT 1o NepuofMNYecKoli IepeoLeHKe 6e30II1acHOCTI
snepro6moxos Ne 1, 2 OIT 3ASC. dakrop 6esomacHOCTH
Ne 14. BospmelicTBMe 3KCIUTyaTallMM HA OKPY>KAIOIYIO
cpeny 21.12.59 OIIIIB.14. 05.08.2013. — OII «3amopox-
ckasa A9C», 2013. — 229 c.

ISSN 2311-8253 fIgepHa eHepreTuka Ta JOBKi/Lsa Ne 2 (14) 2019

67


https://zakon.rada.gov.ua/laws/file/text/58/f469391n10.pdf
https://zakon.rada.gov.ua/laws/file/text/58/f469391n10.pdf
https://zakon.rada.gov.ua/laws/file/text/58/f469391n10.pdf
https://zakon.rada.gov.ua/laws/file/text/58/f469391n10.pdf
http://online.budstandart.com/ua/catalog/doc-page?id_doc=51187
http://online.budstandart.com/ua/catalog/doc-page?id_doc=51187
http://online.budstandart.com/ua/catalog/doc-page?id_doc=51187
http://online.budstandart.com/ua/catalog/doc-page?id_doc=51187
http://online.budstandart.com/ua/catalog/doc-page?id_doc=51187
https://zakon.rada.gov.ua/laws/show/z0552-05
https://zakon.rada.gov.ua/laws/show/z0552-05
https://zakon.rada.gov.ua/laws/show/z0552-05
https://zakon.rada.gov.ua/laws/show/z0552-05
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I'TI «JocydapcmeenHbiil HAYHHO-UHNCEHEPHDLTE eHMP CUCeM
KOHMPONS U a6aputinozo peazuposanus», npocn. I'epoes
Cmanunepaoa 64/56, Kues, 04213, Ykpauna

O paguanyOHHOM BO3[elicTBMY 3aNOPOKCKO
u I0xHO0-YKpanHcKkoil ADC Ha OKPY KaIoU[YIO Cpeny

Ha miprmepe paboThI ABYX KPYITHEIINX aTOMHBIX 91K~
TpocTaHIui Ykpansbl — 3anopoxckoit (3A9C) u F0x-
HO- YkpanHckoi (FOYADC) — paccMaTprBaroTCs BOIPOCHI
pauanyoHHoro BospeiicTeyA ADC Ha OKPY>KalolLIyIo CpeRy
TPV JJTNTEIbHOM SKCIUTyaTalluy B HOPMAIbHOM PEXKIMe.

PaccMOTpeHBI MICTOYHMKY M OCHOBHBIE Pe3Y/IbTaThI
TaKOTO BO3JEVICTBUS, B YACTHOCTI: JUHAMYKA I3MEHEH VI
MOIIIHOCTY JO3bI TAMMa-U3/TyYeHN Ha IIPOMIDIOIAIKAX
HOYASC 3a 34 roma Habmogennit (1983-2017 rr.) u 3A3C
3a 29 et (1984-2012 rr.); pacmpefienieHne TOJOBBIX CYM-
MapHBIX ITOKa3aTesIeil PaJOaKTHBHBIX BBIOPOCOB B aT-
Mocdepy U paijUOaKTUBHBIX COPOCOB BO BHEIIHME BO-
noemsl 06enx ADC 3a rofpl IKCITyaTaluy; AMHAMUKA
M3MEHEHMII CpefiHell 06 eMHOI aKTUBHOCTU PafMOHY-
kmaoB ' Cs 1 *°Sr B aTMochepHOM BO3ayXe Ha TPOMIIIO-
magkax A9C B aHaIM3MpyeMble IePUOADBL; M3MEHEHN A
CPeHErOfIOBbIX 3HAYEH I CYMMapHOI 6€eTa-aKTMBHOCTU
aTMoc(epHBIX BbINTafIeHN T Ha mpoMintomagkax OYASC
3a epuop, 1983-2017 rr. u 3A9C 3a mepuog 1985-2012 rr.

[TpoBeneHHBINT aHaMNU3 IOKa3aa, YTO 3HAYEHUS
CpeHEerOI0BOI MOILIHOCTY [O3bl raMMa-U3NTydeHNUs
MPaKTUYECKU He MEHSIIOTCS U JlaXKe Ha POMIUIOIATKaX
IOYASC 1 3A5C B 0CHOBHOM He IIPEBBILIAIOT 3HAYECHUIT
MOIIJHOCTY JJ03bl, UI3MEPEHHBIX [0 IIYCKa IepBOro 6J10-
Ka Ka>KJIo¥ U3 cTaHIUuN. VICKIoueHneM ABISIOTCS CBS-
3aHHBI ¢ coObITAMM Ha YepHOOBIIbCKOIT ADC 1986 T.
u 6yDKaiie moceYepHOOBIIbCKIE TOTBI.

3a meprop, HabIIOMEeHMIT 3HAYEHM S TTOKa3aTessl pa-
IMOAKTUBHBIX BbIOpOCOB B atMocdepy IOYADC Haxo-
aunuch Ha yposHe 0,12+1,24 %, a 3A9C — 0,11+2,37 %
[OITYCTUMBIX 3HAYEHMIA, ITO COOTBETCTBYET YPOBHIO HOP-
MaJIbHOJ SKCITyaTaLlV.

MHoroneTHue HaOMIONEHN 3a 3HAYCHUAMM Y/Ie/IbHOM
koHueHTpanuu *’Cs u *°Sr B mpuseMHOM cnoe arMocdep-
HOro Bo3ayxa BOmu3u ADC 1eMOHCTPUPYIOT TEH/CHIINIO
K ee CHIDKEHUIO 13 rofia B rofi (6e3 yuera BiusaHus YepHo-
6b11bcK0IT ADC). O6BACHAETCS 3TO TEM, YTO HAOTIONEHN A
(UKCHPYIOT He TONBKO Le3UIi M CTPOHIINIA, MOCTY IOV
¢ A9C, HO U L[e3UIl U CTPOHIINI TTOOATBHOTO ITPOMCXOK-

OeHun:A, Ha (1)0He KOTOPbIX tIYBCTBV[TGTII)HOCTI) HpI/I60pOB
HE II03BOJIACT BBIOC/INTD paI[I/IOHYKHI/I,I[bI, HOCTY]’[aIOIJ.U/[e
B atMocdepy ¢ paboTtatomux ADC. VcnbITaHKs A1epHOTO
opyxus B arMocdepe, TpoBoAuBIIMecs B Mupe 1o 1980 T.,
IIPUBE/IN K IIOCTYIUICHNIO B CTpaTocepy OO0/MBIIOro KO-
JINM4ecTBa I[OTII‘O)KI/IBYH_U/IX TEXHOT€HHBIX pa]:[I/IOHYKTII/IJIOB
n nx nanbﬂeﬁmeMy BBIITAJCHMIO Ha 3€MHYIO IIOBEPXHOCTDH
B TeueHe MHOTUX j1eT. Hab/oaeMoe yMeHblIeHue Y/ieb-
HOVI KoHLleHTpanyy ¥ Cs u *°Sr B Ipu3eMHOM C/10e aTMOC-
(epbI CBA3aHO C UCTOLEHNEM ero 3aIacoB B cTpaTocdepe.

B T0 Xe BpeMs 3HaYeHMS 0OBEMHON aKTUBHOCTU
¥7Cs u *°Sr B Bozgyxe npommomanok IOYASC n 3A9C
3HAYUMTEIIbHO HIIKE I[OHYCTI/IMI:)IX.

3HaYeHNA CPeIHETOf0BOI CyMMapHOI 6eTa-aKTUBHO-
cTy aTMocepHBIX BbIIafleHNnIt Ha mpomiytommagkax FOVA-
9C 1 3A9C HaxopATCS MPAKTUYECKM Ha OGHOM VU TOM XKe
yposte. To ectb HabmoaeMble pafiMOaKTBHbIE BbIIafIe-
HIsI 13 aTMOC(EPHOTO BO3/[yXa 00YC/IOB/IEHBI B OCHOBHOM
I‘)'IO63.J'II)HbIMI/I BbIITAJCHMAMU U JINIIIDb B He3HAYUTEeIbHON
crerenu Boiopocamu AJC.

PesynbTaThl HaO/MONEHNIT CPAaBHMBAIOTCSA C aHAJIO-
TMMYHBIMU OAHHDBIMN, I'IO)'Iy‘-IeHHbIMI/I oo HYCKa B 3KCHHY-
atanuio Kaxpoit A9C. Ha ocHOBaHMM IIPOBEEHHOTO
aHanM3a cenmaH BIBOJ, 4TO pabora IOYADC n 3A9C
IIPAKTUYECKU HE BIINAET Ha paIU/Ia]_U/IOHHYIO O6CTaHOBKY
B paliOHE pacCIONIOXXEHV A CTAHLIVIL

Kntouesvte cn06a: aTOMHas 97IEKTPOCTAHINS, PASMALIIOHHOE
B/IVSTHIIE, OKPYIKAIOLIasi Cpefia, BBIOPOCHL, COPOCHL.

G. M. Novosolov, A. M. Masko

SE “State Scientific Engineering Center of Control System
and Emergency Response”, 64/56, Heroiv Stalinhradu ave,
Kyiv, 04213, Ukraine

On Radiation Impact of Zaporizhzhya NPP and
South Ukraine NPP on the Environment

On the example of the work of two largest nuclear
power plants in Ukraine — Zaporizhzhya NPP (ZNPP) and
South Ukraine NPP (SUNPP) - the issues of the radiation
impact of nuclear power plants on the environment during
long-term normal operational conditions are considered.

The sources and main results of such impact are con-
sidered, in particular: the dynamics of changes in the gam-
ma-radiation dose rate at the industrial sites of SUNPP for 34
years of observations (1983-2017) and ZNPP for the period
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from 1984 to 2012; distribution of the total annual parame-
ters of radioactive emissions in an atmosphere and radioac-
tive discharges into the external water bodies of both NPPs
for years of operation; dynamics of variations in the average
volumetric activity of '*’Cs and *Sr radionuclides in atmo-
spheric air at the NPP industrial sites during the analyzed
periods; variations in the average annual values of the total
beta-activity of atmospheric precipitation at the industrial
sites of SUNPP for the period from 1983 to 2017 and for
the ZNPP from 1985 to 2012.

Results of observation are compared to the similar
data received before putting into operation each NPP.

The analysis showed that the values of the average annual
dose rate of gamma-radiation remains virtually unchanged,
and even at the industrial sites of SUNPP and ZNPP basically
do not exceed the dose rate values measured before the first
unit of each station was put into operation. The exceptions are
the events associated with the events at the Chornobyl NPP
in 1986 and the next post-Chornobyl years.

During the observation period, the values of the indica-
tor of radioactive emissions into the atmosphere of SUNPP
were at the level of 0.12+1.24 %, and ZNPP — 0.11+2.37 %
of acceptable values, which corresponds to the level of normal
operation.

Long-term observations of the specific concentrations
of ¥’Cs and *Sr in the surface layer of atmospheric air near
nuclear power plants show a tendency to decrease from year
to year (without taking into account the contribution from
the Chornobyl nuclear power plant). This is explained by the
fact that observations record not only cesium and strontium
coming from nuclear power plants, but also cesium and stron-
tium of global origin, against which the sensitivity of the in-
struments does not allow to isolate radionuclides released
into the atmosphere from operating NPPs. Tests of nuclear
weapons in the atmosphere, conducted in the world before
1980, led to the entry into the stratosphere of a large number
of long-lived man-made radionuclides and their further fall
to the earth’s surface for many years. The observed decrease
in the specific concentration of *’Cs and *Sr in the surface
layer of the atmosphere is associated with the depletion of its
reserves in the stratosphere.

At the same time, the values of volumetric activity of *’Cs
and *°Sr in the air at the industrial sites of SUNPP and ZNPP
are much lower than permissible.

The average annual values of the total beta activity of at-
mospheric precipitation at the industrial sites of SUNPP and
ZNPP are practically at the same level. That is, the observed
radioactive fallout from the atmospheric air is mainly due
to global deposition and only to a small extent by nuclear
power plant emissions.

Based on the analysis it was concluded that the work
of SUNPP and ZNPP practically does not affect the radiation
situation near the stations.

Keywords: nuclear power plant, radiative forcing, environment,
emissions, discharges.
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IIpuMenenne eBpONENCKUX NPUHIUIIOB IPUPOJOOXPAHHOMI
IesATEeTbHOCTH B CTAaHJapTe TUAPOOMOIOTMIeCKOTO MOHUTOPUHTA
BOTHBIX TexHO3KocucTeM AIC I'TT tHAIK “Oueproarom™

Kntouesoie cnosa:

aTOMHaA SHeKTpOCTaHI_U/IH,
BOJOEM-OX/IaJUTEIb,
TUAPOOMOTIOrMYeCKIIT MOHUTOPYIHT,
pernamenr,

CTaHJAPT NPEeSIPUATAL,

PaccmoTpenbl BOIPOCH! MMIIJIEMEHTALMYM IOMUTUKU Y JUPEKTUBHBIX JOKYMEHTOB
Espomerickoro corwsa (EC) B o6mactu BOFHOTO XO3SIICTBA, OXPAHBI U OLIEHKM Kade-
CTBa BOJHOI CPeJbl B aCIIeKTe IPUMEHEHN A IPUHUMIIOB BOIHOM paMOYHO JUPEKTH-
Bbl EC 151 opranmsauym rufipo6muonorniecKoro MOHUTOPIMHIA CUCTEM OX/IaXKAEHM S
U TexHUYecKoro BogocHabkenns ASC Ykpaunsl. VI3/105KeHbI OCHOBHbIE MPIHIUIIBL
U TIOJIOKEHMA aKTyanusupoBaHHoro crangapra I'Tl «HanmonanbHas aTOMHas sHep-

TEXHOIKOCHCTEMA. rOreHepupyoias KOMIaHusa “JHeproaromM™ B 0OIACTV OXPAHBI OKPY>KAIOIIeil cpe-
mr COY HASK 178:2019 «ITopsgox paspaboTKu permaMeHTa TUfPOOMOTOrNIecKOro
MOHITOPMHIA BOJOEMa-OX/IaJITe/sI, CUCTEM OX/IAXKJEHNS VI CUCTEMBI TEXHUIECKOTO
BopocHabxeHnst ADC ¢ peakTopamu Tuia BBOP».
Bcrynnenne OKpY>Kalolieil cpefibl Bce 60mee CMEIAIoTCs B CTOPOHY

ITopsapgok aKkcmayaTaquu BOGOEMOB-OX/IaJUTeNen
KaK BOIHBIX O0'bEKTOB TEXHIMYECKOTO Ha3HAYEHI S, CI-
CTeM OXJIAXK/IEHUSI U TEXBOJ[OCHAOKEH NS perTTaMeHTUPO-
BaH y)Ke Ha 3TalaxX IIPOeKTUPOBAHNUS I CTPOUTEIbCTBA
A3SC. OgHako Ipy 9TOM He YUUTBIBAETCS TOT PAKT, 4TO
BOZIOEMBI-OX/IAJUTEIN BMECTE C [PyTMMIU BOAHBIMMU
006 beKTaMU MPEACTAB/AIOT COOO0IT CTIOKHYIO TUIPOIKO-
CHCTeMY, KOMIIIEKC MHOXKECTBA B3aIMOCBS3€eil MeX/y
Pa3IMYHBIMU OPTaHM3MAMU U CPENOil UX OOMTAHMSA,
BKJII0Yasl TEXHOTE€HHbIE 37IeMEeHTHI cpenbl. B nmocnegnue
rOJbI CTAHOBUTCS BCe 6071ee 04eBUHONM HEOOXOMMMOCTD
y4éTa 61omornueckux GpakTopoB, KOTOpbIEe MOTYT BIIN-
ATDb Ha HaJIeXKHOCTD 9KCIUTyaTaluy sHepro6mokos A9C,
CHCTEM OXJIaXK/IeHV A KOH/JIEHCATOPOB TYPOUH U CUCTeM
TEXHUYIECKOr0 BoJOCHabKeHus1. Kpome Toro, MupoBsie
TeH/JEHIIVY Pa3BUTU OLEHOYHOI 6a3bl Ipu KOHTPOIIE

O10- 1 SKOMHMKALMA.

B cymiecTBy0OIMX MTOTOKEHUAX 00 9KOIOTUIECKOM
rOCy/JapCTBEHHOM MOHUTOPVHTE BOJ| OTCYTCTBYIOT IIpsI-
MbIe YKa3aH!s OTHOCUTE/IbHO MOHUTOPMHTA BOJIOEMOB,
KOTOpbI€ BXOJAT B CUCTEMBI OXJIa>KI€HM U TEXBOJIO-
cHabxeHnst ADC U IpyTUX 9HEProreHepupyoInX 00b-
exToB [1]. Tem He MeHee, Takas HEOOXOAVMOCTD CylIle-
CTByeT [2], u o6ycnoBeHa oHa AByM: paKTOpaMu.

[epBBlit COCTOUT B TOM, YTO TeXHUYECKVE BOJTHBIE
00'beKTBI HUKOTTA He TPENCTABIAIT COO0I abCOMIOT-
HO 3aMKHYTbIe BOZOeMBI. TeM 1u MHBIM 00pa3oM OHI
CBSI3aHBI C OKPY>KAIOIVIMY IPUPOFHBIMIL. [loaTOMY KOH-
TPOJIb 9TUX CBA3€N B ACIIEKTE OLICHKN BO3[EVICTBUA HA
OKPY>KaIoIyIo Cpefly aKTyajeH. Bropoit acriekt 06ycios-
JIEH TeM, YTO caMa CUCTeMa OX/TaXKeHM s HaKTUIeCcKn
IpefcTaB/IsieT co60it TexHOaKOocKucTeMy [10-11]. To ecTp
9KOJIOTMYeCKIe IPOLIeCCHl OKa3bIBAIOT HEMTOCPEICTBEH-
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HOe B/IMsIHNe Ha GOpPMIUpPOBaHIe KadeCTBa BOAbL, @ TAKXKe
Omonornyeckue moMexu B pabote 060py[oBaHNA.

IIpu sTOM HEOOXOAMMO OTMETUTH, YTO UMIIJIE-
MEHTAI[Msl €BPOIEIICKUX IOfIXO/[0B B IPUPOJOOXPAH-
HYIO JIeSITeIbHOCTD B YKpalHe 3HaYMTe/TbHO U3MEHseT
IPUHIIVIIBI OLIEHOK 9KOTIOTMYECKOTO COCTOSIHS BOJJHBIX
00BEKTOB, OPMEHTUPYS UX MEHHO Ha OMO/IOrMYecKye
HOKa3aTe/n.

KapanHanbHO M3MeHMTaCh CUCTeMa SKOTIOTMYeCKUX
YCIIYT, KOTOpBIE Ye/IOBEK IIOIy4YaeT OT TUAPOIKOCUCTEM
(11]. Tro6ble MEPONIPUATHA TIO YTy YLIEHNIO COCTOSHMA
WK, HA00OPOT, ABJICHNS HETaTVBHOTO BAMSAHUA (TaK
HasbIBaeMble aHTUYCIYTH, «disservices») JOMKHBI IMETbh
aJileKBaTHBIE OLICHKII.

Bce Bopomnonb3oBaTeny HOMKHBI OTHABaTh cebe
OTYeT B TOM, YTO OHU MCIIONIb3YIOT BOAY KaK pecypc He
U3 KaKOT0-TO TMIIOTETHYECKOTO CTEPUIBHOTO COCYAa,
a U3 BOLHBIX 00BEKTOB, KOTOPbIE IIPE[ICTABIAIOT OO0
¢byHKUMOHMpYOIMe 9KOCUCTeMbl. Bofia He06X0a1MOro
KayecTBa — MPOAYKT IeSATe/IBHOCTI 9KOCUCTEMBL. Takxke
OuoroMexu 1 BOfia HU3KOTO Ka4ecTBa JO/DKHA paccMa-
TPUBATbCS KaK aHTUYC/TYTa 9KOCUCTEM.

B manHoiT paboTe aBTOPBI CTaBU/IU CBOEIl 4e/ibio
O3HAKOMUTD CIIEI[MA/TNCTOB 9HEPTeTUIECKOI OTPACIN
C HOBBIMU IIPUHIIUIIAMY 9KOJIOTMIECKOTO MOHUTOPVH-
ra (4acTbi0 KOTOPOTO SIBISIETCS TUAPOOMOIOTMIECKIIA
MOHUTOPMHT), KOTOpPbIE BBITEKAIOT 13 HEOOXOAMMOCTH
MMIUIEMEHTAIUM TOJIOXKEH I BOTHOI MOMUTUKY EBpo-
neiickoro corsa (EC).

IIpuHBNManbHbIE MOTOXKEHNU A BOJHOM
pamouHoit gupexkTussl EC

Bopnas pamounas gupextusa EC (BPI) [3, 11] pe-
I7TAMEHTUPYET JOCTaTOYHO JKECTKOE pasferieHNe BOJHbIX
00bEKTOB Ha IIPUPOJHBIE, CUIBHO MI3MEHEHHbIE U UCKYC-
cTBeHHbIe. JlabHelIas ojeHKa TpeOyeT YCTaHOB/ICHNU S
9KOJIOTMYECKOTO CTaTyca AJIA IEPBbIX Y 3KOTOTMYECKOTO
MOTeHLIMaNa 414 [BYX Apyrux. Ilorennman Mo>xHO 1O-
HMMAaTbhb KaK OIpeNleIECHHYI0 CUCTEMY XapaKTepUCTUK
VISMEHEHHOI M/ ICKYCCTBEHHOM BOJHOM 3KOCUCTEMBI,
a OLIEHKY TOTeHIMajia IpOBOAUTh NMYTEM CpPaBHEHMA
C IIpMeMJIEMBIMU (XapaKTePHBIMM) /151 JAaHHO 9KOCUCTe-
MBI ycrmoysiMu. OJHAKO CTelleHb AaHTPOIIOT€HHOTO BO3-
JIe/ICTBYIA IMeeT IPafiiieHTHYIo Ipupoxy [8], moaTomy uert-
KO€ BbIfIe/IeHNe 9TUX IPYIII Ha IPaKTUKe BeCbMa CTIOXKHO.
Bce Bogoémpl-oxnaanteny ADC YKpauHbl IPefiCTaB/IAI0T
c000J1 UCKYCCTBEHHBIE ¥ TEXHUYECKIEe BOJJHbIE OOBEKTHI.
s HUX, cormacHo nonoxxenuam BPII, HeoOxoguMo uc-
TOTb30BaHVIE TIOHATUS 9KOIOTMYECKOTO TTOTEHITNATIA.

KomMnaparnBHbIi NOX0J, IIPY OLlEHKE
9KO/IOTrMYECKOr0 COCTOAHMA BO,

Omnpepenenne (status) IpUPOTHBIX BOJHBIX 00b-
€KTOB, cornacHo BPJl, mpoBOAMTCA KOMIIapaTUBHBIM
METOZIOM, T. €. IyTeM CpPaBHEHNUs PeajbHOIO COCTOS-
HIUS C HeKOTOPBIMM, IPUHATBIMY 33 3TAJIOHHBIE, TaK
HasbIBaeMbIMU pedepeHCHbIMU ycnoBusaMu (reference
conditions) [3].

OrnpepenennsiM mapagoxcom BP]] aBngerca o, 4To
IIpY pasfie/IeHN BOJHBIX 00BEKTOB I10 KPUTEPUIO OTCYT-
CTBYS VIV IPUCYTCTBUS AHTPOIIOT€HHOTO BO3/IETICTBIA,
Ipolefiypa OLIEHKN 9KOJIOTMYECKOTO COCTOSHMS M3Me-
HEHHBIX U ICKYCCTBEHHBIX BOTHBIX 00BEKTOB IIPeIIO-
JlaraeT CpaBHEHUeE UX C OGHUM U3 «Hauboee CXOTHBIX
TUIIOB BOZHBIX IPUPORHBIX 00BeKTOB» [3]. CaMo 10 cebe
BbIJIe/IeHNE CUJIBHO VI3BMEHEHHBIX, a TeM 6oree MCKYC-
CTBEHHBIX BOIHBIX 00EKTOB KaK pa3 I IIpefIIoaraet
UX CYILIeCTBEHHOE OT/INYMe OT €CTeCTBEHHBIX, HeHapy-
IIEHHBIX, II09TOMY CpPaBHEHME C eCTeCTBEHHBIMM «II0f{00-
HBIMII» COBEPLUIEHHO HEIPUeMJIEMO.

KoMmnapaTuBHBI IPUHINII, T. €. CPaBHEHNE Pealb-
HOJI CUTyall}l C HEKOTOPBIM BBIOPaHHBIM 3TalIOHOM
IpeJCTaBIAeTCsA Hanbosee IpyeMIeMbIM IS IPAKTH-
yecKux Ieseil. [Ipenarasoch nCnonab3oBaTh XapaKre-
PUCTUKY «TUIIMYHBIX YCmoBmit» [4]. Kak 6b110 oT™MeueHO
B (8], 11 aHTPOIIOTeHHBIX BOSHBIX 00'bEKTOB B KaueCTBe
TaKUX 9TA/IOHOB CPaBHEH L1e/IeCO0OPa3HO UCIIONb30-
BaTb [IPOEKTHbIE MaTepHaIbl JAHHOTO 06bekTa. OfHAKO
B GOJIBIIINMHCTBE C/Ty4aeB B IPOEKTHBIX MaTepuanax pedb
UZIET O TEXHNYECKUX, a He 00 9KOTOTMYECKUX YCIOBU-
AX. [/ TOCIeHUX IPUBOAATCSA OOBIYHO TOMBKO 061Ie
nonoxeHus. bonee Toro, kpajiHe pefiKO MPOBOAUTCSA
aHa/IM3 6MOTMYECKMX BO3MEIICTBUIL HAa CTaOM/IIBHOCTD,
HaJIe>KHOCTDb U 6€3aBapUilTHOCTb PabOThI TEXHMYECKUX
cucreM. Yaie Bcero BO3HMKAIoMIMe OMOTOTMYECKIe
noMexu B paboTe 060py/OBaHMS BBISABIAIOTCA YK€
B ITpoljecce sKCITyaTauun. Takum 06pa3oM, KOMIIIEKC
TeX YC/IOBUIT, KOTOPble MOTYT pacCMaTpMUBATbCA Kak
3TaJIOHHBIE J/Is1 CPAaBHEHUIL, MOXeT OBITH O0JIee Hajex-
HO c(pOpMUPOBaH yXKe VCXOJs U3 SKCITYaTAl[MOHHOTO
OIIBITAa TEXHMYECKUX CUCTEM.

IIpnmHINI 6TOYHOCTH IIOKa3aTeNneil Ka4ecTBa BOJ,

Bri60op mokasareneit COCTOAHUA JO/KEH COOTBET-
CTBOBATb onpefeneHHol cucreme. OguH 13 BapMaHTOB
OpraHM3alMM TaKOJ CHCTEMBI — BbIfIe/IEHNE OIIpe/le/IeH-
HBIX 6710K0B. BP]] mpenaraer Bbiie/ieHue Tpex OIOKOB
IIOKasaresieil: Guomorndeckue, rmapoMopdonorndexne,
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buUsMKO-XMMUYeCKIe 97leMeHThI KadecTBa. [laee BbIe-
JISIIOTCSA TTORO/IOKY, Mu 67I0KY BTOPOTO mopsiaka. B 61o-
JIOTMYEeCKOM — 3TO ITOKa3aTeNN, CBsI3aHHbIE C BOTHBIMMI
pPacTeHUsIMY, JOHHBIMM 0eCIIO3BOHOYHBIMY, PbIOaMIL.
[lns rupponorndeckoro 610Ka — AMHAMMKA BOTHBIX
Macc, CBA3b C MOA3eMHbIMI BofaMu. [ Mopdooru-
4eCKOro — pasMepbl BOJOTOKA M/IM BOJOeMa, KOeba s
DIyOUH, XapaKTepUCTHKa JOHHOTO CyOCTpaTa, XapaKTep
puOpexHoit 30HbL []151 PpusnKo-XxuMmdeckoro 610xka —
TeMIIePaTyPHBII PEKUM, HaChIlIeHUE BOAbI KUCTIOPOLOM,
MUHepanu3anys, Coiep)XaHue OpraHn4ecKnux 1 61oreH-
HbIX BEI[eCTB.

KoMnmekCHOCTD 9KOTOrmIecKnx OILICHOK BOJ

CoBpeMeHHbIe IPUHIUIIBI OL[EHOK 9KOJIOTNIECKOTO
COCTOSIHUSI CTPOSITCS Ha KOMIUIEKCHOM Iofxofe. JTo,
C OTHOJ CTOPOHBI, IIOBBIIIAET HAIEXHOCTD OLIEHOK, HO
C IpyTOil — CYIIeCTBEHHO YCIOXHsET npoueaypy. Ilo-
CKOJIbKY KOPPeKTHOe CpaBHEHIe II0Ka3aTeseil U3 pa3HbIX
6/I0KOB C pa3HBIMU Pa3MEPHOCTSIMI HEBO3MOYXHO, BBIXO-
JIOM MOYXeT OBITb CPaBHEHME K/TaCCOB M KATETOPMUii, B KO-
TOpbIE BXOJAT Te MM MHBIe MoKa3artenu [4, 5]. Kareropun
¥ KJTacChl IIPECTAB/ISAI0T COO0II yCTTOBHBIE JUICKPETHOCTH,
IIOCKOJIbKY 3HAUeH s [IOKa3aTeJIell IpeCTaBIsoT co00il
HeIIPepbIBHBIII Psifi, I09TOMY MOYXHO [I0/Ib30BAThCSI CPAB-
HeHJeM MeXX/1y BbI/ielleHHBIMI TPafjaliMsIMU, YaCTSAMU He-
[IPepBIBHOTO pafiieHTa — rpagamu [9].

HPI/IH].U/II'[I)I opranmsaunn MOHI/ITOPI/IHI‘a
TexHO3KocucTeM AIC

B Hacrosmee BpeMsA B OCHOBE 9KOJTOTMYECKOIN
oneHKM Bo3feiicTBuA ADC Ha OKpY>KaoIyIo Cpefy
(B acmexTe BIMAHMA HepPaJMAIMOHHBIX (PAKTOPOB)
NEeXXUT cOop U 06paboTka TUAPOXUMUYIECKUX TAHHBIX
U CpaBHEHME MX C NIpeJe/IbHO JONMYCTUMBIMM KOHIEH-
rpanuamu (IIJK) nam opueHTHpOBOYHO JONMYCTUMBI-
MI YPOBHSAMI.

Iopxon, mpepnaraemslil B crangapre COY HASK
178:2019 [7] (mamee — cTaHAApT), CYI[ECTBEHHO MHOIL
I'mppoxuMmdeckue MoKasaTeay OrpaHNYEHBl TAKUMI,
KOTOpBIe XapaKTepU3yIoT yC/IOBUSA OOUTAaHUSA TUPO-
6uoHTOB. KpoMe TOro, BO3MOXXHO BKIIIOUeHNe crienndu-
JeCKMX I'U/IpOXMMIYeCKIUX ITOKa3aTesiell, KOTOpble MOTYT
OBITH Ba)XHBIMM B aCIleKTe HaJe>KHOI paboThbl TeXHU-
YeCKMX CUCTeM /MO0 B aclleKTe OXPaHbl OKpPY>KaloIlei
Cpenbl — HaIpuMep, MoKasaTenyu pH wim coeguHeHMit
KaJIbI¥sA, KOTOpbIe MOTYT YYacTBOBAThb B IIPOLIECCAX OT-
JIO>KeHU s MUHEPAJIbHBIX Bell]eCTB Ha TeIJIOOOMEHHBIX

IIOBEPXHOCTSX, TOKCMYHBIX Bell[eCTB. B 0CHOBe OLIeHOK,
IpejIaraeMbIX B JaHHOM CTaHZAApTe, IEKUT KOMIIapa-
TUBHBII NOAXO07 ¢ yueToM npuHuunos BPJl. CpaBHenne
OCYIIECTBAETCA C KOMIUIEKCOM 3KOTIOTMYECKM Y TeXHMU-
YeCKV IMpYeM/IEMBIX JI/IS1 ZAHHOTO 00'beKTa YC/IOBMIL.

O6mue nonoxxenns COY HAJK 178:2019

Tuppobuonorniecknit MOHUTOPUHT IIPOBOJUTCS
C Lle/IbI0 ONTy4YeHNA NHPOopManun 06 9KOIOrMIecKoM
COCTOAHUM (9KOMOTMYIECKOM IIOTEHIIMase) BOMmoe-
Ma-OXJIaIUTEN A, CUCTEM OXIaXKIeHUA U CUCTEMBI TeX-
HM4YecKoro BofocHabxxeHuss ADC, a TakKe KOHTPOJS
TUAPOOMOTOrndecKux GakToOpOB CHIKEHUS HafIeXKHO-
cTu paborsl o6opynoBanusa ADC. [I1a KOHTPOIA BO3-
MO>KHOTO BO3JeICTBUS TeXHO3KocucTeMbl ADC Heo6X0-
IVIMO IIpOBeJieHVe MOHMTOPVHTA COCTOSHMU A 9KOCUCTEM
(hoHOBBIX BOGHBIX 06beKTOB. QOHOBBII BOTHBIN 00b-
€KT — 3TO BOJI0€M VMJIN BOJOTOK, PACIIONOXKEHHBIN Ha
npueratomteit k ADC reppuropun (kak npasuio, B 30-
kM 30He ADC), CBA3aHHBIN C BOMHBIMI UCTOUHUKAMMU
TeXHO9KOCHUCTEMBI, KOTOPBIIT MOXKET MMETDb IIPUPOLO-
OXpaHHBIN CTaTyC U/ OIpefe/IeHHYI0 LIeHHOCTD B PY-
TrOM OTHOIIEHNY, B YaCTHOCTHU, KaK T€CTOBBIV BOTHBIII
00BeKT 151 onpefenenns u oueHku BausHus ADC Ha
OKPY>KaloIlYIO CPexYy.

IMpunoxxenne V BPI] EC [3] ycTanaBnuBaet Tpu Tia
MOHMTOPVHTIA IIOBEPXHOCTHBIX BOJ: KOHTPOJIbHBI, OIIe-
PaTMUBHBII U UCCTIEROBATeNbCKNIL. TaKoll IepedeHb ycTa-
HOBJIEH I JI/IA1 TOCYJApCTBEHHOTO MOHUTOPUHTA ITOBEPX-
HOCTHBIX IPUPOIHBIX BOJ YKPauHBI.

Y4uTpiBas 0COOEHHOCTY TEXHOIKOCUCTEM U UX T -
pOOMOIOrYeCcKOro MOHUTOPYHTIA, C Y4€TOM IIPUHIIUIIOB
BPII, HO ¢ [ONIOTHEHUAMH, MPEJIOKEHO YeTbIpe TUIIA
T POOMOTIOTNYeCKOr0 MOHUTOPUHTA: meKyusuti (COoT-
BeTCTBYeT oneparuBHoMy B BPII), skcmpemanvrouii (da-
CTUYHO COOTBETCTBYET KOHTPOJIBHOMY U OIlepaTUBHOMY),
paseepHympiii (COOTBETCTBYET UCCIEf0BATEIbCKOMY), o-
Hoswiti (He MMeeT aHanora). [Mgpobuonornyeckmit MOHI-
TOPVHT IIPOBOJVITCS BO B3aMIMOCBSA3Y U B3aVMOJIe/ICTBU
C 9KOTIOTMYECKUM (TUAPOXUMUIECKNM) MOHUTOPUHIOM,
OCYILECTB/IAEMbBIM COOTBETCTBYIOIMMM CTy>k6amu ADC,
a TaKXKe C TOCYAapCTBEHHBIM MOHMTOPMHTOM IIOBEpPX-
HOCTHBIX BOJI.

Eme pas crmemyeT nofuepKHyTh JBOVICTBEHHDIN Xa-
paxTep 3ajiad ruipoOMONOTnIecKoro MOHUTOpuHra. Ero
3ajja4yy, HaIlpaBleHHbIe Ha npedomepauseriue Ouonozute-
CKUX NOMeX, MOTYT OBITb COPMYIVPOBAHBI I10 TPEM Ha-
IIpaBJIEHNAM: KOHTPOJIb Pa3BUTH A OITACHBIX OPTAaHM3MOB
B CHICTeMaX BOJOCHAOXEHUsI C [Je/IbI0 CBOEBPEMEHHOTO
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IPOBefIeHNsI MEPONPUATHIL 110 YCTPAHEHUIO BBI3BAH-
HBIX UMY OMOOTUYECKIX TIOMeX, KOHTPO/b 9 deKTnB-
HOCTM 9TUX MEPOIPUATHUIL, KOHTPOJIb 3a HOsIBJIEHIEM
HOBBIX BO3MOXXHBIX areHTOB OMOTOTMYECKUX ITOMEX,
KOHTPOJIb 9KOJIOTMYECKOT0 COCTOSHM S (POHOBBIX BOJOE-
MOB, 1 B IIepBYI0 04epeib paKTOpPOB, CIIOCOOCTBYIOIIMX
dbopMupoBaHIIO OMOTOTMYIECKUX TOMEX (HAalIpyMep, 10-
sBJIEHVIe B HMX OIIACHBIX BUJIOB-BCETICHIIEB).

3agaunM TUAPOOMONOrNIECKOTO MOHUTOPUHIA,
HAIIPaB/IEHHOTO Ha KOHMPONb U npedynpesxcoerue He-
2amueHozo 6030eticmeus mexHoakocucmem AIC Ha
OKPY>KaIoOILIYI0 CPefy, OKpY>Kaloliye IPUpPOJHbIE 1 aH-
TPOIIOTeHHbIe BOZHbIE 9KOCUCTEMbI MOT'YT OBITH CHOp-
MY/IMPOBAaHBl MO CAeAYIOUIVIM HaIpaBIeHUAM: KOH-
TPO/Ib BO3MOYXHBIX HETaTVBHBIX MI3MEHEHMIT B OHOBBIX
BOJHBIX 00BEKTaX, BBI3BAHHBIX QYHKIVOHNPOBaHIEM
A3C 1 BOEHOV TeXHOIKOCUCTEMBI, KOHTPOJIb OIIOCpe-
JIOBAaHHOTO BIMSAHMA PaKTOPOB, CBA3AHHBIX C PYHKIIN-
onnpoBanyneM ADC (pocT aHTPONOTeHHON HarpysKu,
UCIIO/Ib30BaHMe OMONMOTMYECKIX PEeCyPCOB I T.[1.).

Beinenenye HeCKONMBKUX TUIIOB MOHUTOPUHTA (Te-
KYIWIL, 9KCTPEMaIbHBII U PasBepHYTHIN) 00YCIOBIEHO
pasIMYNAMHA B IEPUORMYHOCTY U «ITTyOVMHEe» UCCTIef0-
BaHUA. [IepBbIit TUII MOHUTOPUHTA IPOBOAYTCS TOCTO-
STHHO B COOTBETCTBMM C PEIIAMEHTOM 1 HEOOXOAMM J/Is
HOTy4YeHNUsI ONePaTUBHOI MHPOPMALIMK O COCTOSIHUY
BOJHOII 9acTM TexHO9KocucTeMbl ADC, ypoBHE 6110710-
TMYeCKIX IoMeX. BBeleHNe pesxyiMa 9KCTpeMaTbHOTO
MOHUTOPMHTA OIIpefe/sieTCs] Pe3KUM BO3pacTaHMeM
OuoIoMeX, CyIeCTBEeHHBIM M3MEeHEeHMeM YCTIOBUIL cpe-
Jibl ¥ 3HAUMTE/IbHBIM BO3pacTaHMEM TeXHOTEeHHON Ha-
rpy3ku. Pa3BepHYTBII MOHUTOPUHT IIPOBOAMUTCA C Iie-
PUMOAVYHOCTBIO B HECKOIBKO JIET C IIpUBJIeYeHMeM (Ipu
HEeOOXOMMOCTY) CHELMANTNCTOB 9KOTIOTUIECKOTO U I'Y-
npobuonorndeckoro npodus. B ero sagaun Bxogut 60-
Jee TOAPOOHOE 06CIefOBaHMEe HEOOXONMMBIX YYaCTKOB
TEXHOIKOCHCTEMBI I/Is1 yTOUHEHM I OLIEHOK 9KOJIOTMYe-
CKOTO COCTOSIHNSA, @ TAK)XXe KOPPEKTUPOBOK periaMeHTa
TEeKYI[er0 MOHUTOPMHTA.

Oco6eHHOCTY BBI6Opa 00BEKTOB,
TOYEK ¥ MePUORMYHOCTH HAaOMogeHuit

OpHMM U3 BaXKHBIX PasfielioB perTaMeHTa, KaK i Op-
raHu3alnuyM MOHUTOPMHIA BOOOIIe, SIBSIETCS BBIOOP
IYHKTOB HaOJIIOJeHMIT, U3MepeHuil 1 0T6opa TUAPO-
6uonornyeckux mpo6. O61rast KOHIENMs BBI60pa TOUeK
KOHTPOJIS TUAPOOMOTIOrYeCKMX OKa3aTe el Opeyiers-
€TCAA B COOTBETCTBUMU C LIe/ISIMU U 3aJja4aMy MOHUTOPUH-
ra B ycmoBuAX KOHKpeTHOI ADC. MecTo pacnonoxeHus

U KOJIMYECTBO TOYEK KOHTPOJISI B BOJIOEME-OXJIATUTENTE,
B (DOHOBBIX BOSHBIX 00BEKTAX YCTAHABIMBAIOT C YYETOM
0C06EeHHOCTENl BOJHOTO U TEMIIEPATYPHOTO PEKVIMOB,
MOphHOMETPUYECKUX, TULPONOTUIECKUX XAPAKTEPU-
CTUK BOLHBIX 0O'bEKTOB, XapaKTepa IPyHTOB, HA/TNIVsI
6MOMOrnYecKnx 0O'beKTOB (BBICUINX BOJIHbBIX PACTEHUIA,
JipericceH T.11.). B cucTemMax oxymaXkjeHus 1 TEXHUYECKOTO
BOJOCHA0XEHMSI MECTa KOHTPOJIS ONPEeNSAI0TC KOH-
CTPYKTMBHBIMY OCOOEHHOCTSIMU Vi JOCTYITHOCTBIO /IS
HePUOANYECKOTO KOHTPOISL. BogoToku (mopBopsiugue,
OTBOJII e KAaHAJIBI) MOTYT OBITD BbI/JE/IEHbI B OT/E/Nb-
Hble 00'bEKTHI /1A HaOMIOeH .

B3sanmopeiictBue noppasgenennii ADC
NIpU MPOBEJEeHUN MOHUTOPIHIA

OyHKIUM KOHTPOIA HOPMAaTUBOB OXPAaHBI OKPY-
katomtell cpepipl Ha ADC BBINIOMHAIT CIIenabHbIE
noppasgenenusa. Ciaenyer oOpaTuTh BHUMaHME HA TO,
YTO CTAaHAAPT paciInpsieT 06/1aCTh UX HeSATETbHOCTH.
VIx 3amaya — He TONBKO BbISIB/IEHVE BO3MOXKHBIX VI
peanbHbIX Bo3geiicTBuit ADC 1 Bceil TEXHO9KOCHUCTEMBI
Ha OKPY>KAIOIIYI0 CPedy, HO U BBIABIEHNUE MPEIOChI-
JIOK OMOTTOTMYeCKMX IToMeX. 3/1eChb Ba>KHO IIO[YePKHYTh,
YTO YCIIEIIHOE pelleHue MpobrieMbl KOHTPOIA 6110710-
TMYECKUX IOMeX MOXKET OBITh TOMTBKO IIPU B3aMMOJIENi-
CTBUU MO pa3fieNeHunil, OTBETCTBEHHBIX 3a Te UV UHbIE
YYacTKV TeXHOIKOCUCTEMBI, CCTEMBI BOLOCHAOKEHN S
u oxnaxaeHus. O6HapyxeHne, PUKCaLysa B COOTBET-
CTBYIOIIMX MPOTOKO/IAX, KOHTPOIb 9P PeKTUBHOCTU
MepOIPUATHUI IO YCTPaHEHNIO OM0IIOMEX, BBI3bIBA€MBIX
TUAPOOMOHTAM, TO/KEH OBITh BMEHEH B 003aHHOCTH
BCeX MOApa3sfeNeHNnii, MUMEeIOIINX OTHOIIEeHNe K BOJO-
CHa0>KEeHUIO Y BOLOIIO/Ib30BaHNIO.

W, HakoHel, OfVMH U3 Ba)XHBIX BOIIPOCOB CB3aH
C OUEHKOLU IKOM02UHEeCK020 COCMOSTHUS BOTHBIX 00'bEKTOB
U BCell BOMHON 4acTy TexHodKocucTeMbl. B BP]] oTcyT-
CTBYIOT YeTKIMe YKa3aHNUsI OTHOCUTENIBHO CIIOCOOO0B Ole-
HOK, OJJHaKO KOHCTPYKTUBHBIM C/IEAYeT CYNTATb OOIMit
HNPUHIUI, KOTOPBII OCHOBaH Ha CPAaBHEHUM JTaHHBIX
OLIEHMBAEMBbIX YC/IOBMII C OIIpefe/IeHHBIM 3TaIOHOM.
JI71s1 IpUpOAHBIX BOXHBIX 00EKTOB (peK, 03ep) mpemia-
raeTcs CpaBHEHIE C TaK Ha3bIBaeMbIMI pedpepeHCHBIMU
YCIOBUAMI, B KaueCTBe KOTOPBIX Yallle BCETO paccMa-
TPUBAIOTCS TaKye, KOTOPbIe OBUIN B JAHHON 9KOCUCTEME
B II€PUOJ, O aHTPOIIOTEHHOTO BN AHNA. II0CKONBKY A1
MICKYCCTBEHHBIX ¥ CUTbPHOM3MEHEHHDBIX BOTHBIX 00b-
€KTOB TaKle YCTIOBMSA OTCYTCTBYIOT, TO IIpefaraeTcs
B KaueCTBe «3Ta/I0Ha» CPaBHEHMS pa3pabaThIBaTh KOM-
I/IEKC 9KOJIOTMYECKY Y TeXHINYECKN ITPYEM/IEMBIX yCIIO-

74 ISSN 2311-8253 Nuclear Power and the Environment Ne 2 (14) 2019



[IpuMeHeHMe eBpOIIEIICKUX IIPMHIIUIIOB IPUPOJOOXPAaHHOM AeATeTbHOCTI

Buit (QTITY) [9]. Habop mokasaTereit u nX mpueMseMbie
3Ha4YeHN s NPUHUMAIOTCS VCXOAA U3 MPUHIIUIIA XKeJla-
Te/IbHOCTY MJIM IPUMHLINIIA XapAKTEePHBIX I/ JAHHOTO
BOJHOTO 00bekTa ycnoBuil. He uckmodeHo, 4To Takue
HOPMAaTUBBI 1[e/1eCO0Opa3HO yCTaHABIMUBATD U /IS OT-
IebHBIX MAacCMBOB BOf, (B TepmuHonoruu BPIl — «water
bodies»), HanpyuMep B KPyIHBIX BOJOXPaHIININAX, CU-
CTeMaXx OXJIaXKAeHUS — BOJOeMe-OXIafuTese U KaHa-
nax. He uckmodeHa 11e1ecoo6pasHOCTb yCTAHOBICHUA
TaKUX HOPMAaTUBOB, IpMeM/IEMbIX 3HAaUEHMII ITOKa3a-
Telel U OJIs1 OTHAENbHBIX CE30HOB, Pa3HBIX PEXVIMOB
3KCIUTyaTallMM TEXHOIKOCUCTEM. B cTaHfapTe onmcaHa
JBOBOJIBHO IPOCTasA NMpoLefypa CpaBHEHUA U IIOTy4e-
HIS YUC/IOBBIX 3HAUYEHUN MOKa3aTeneil, O3BOMIAI0IINX
BBIIIOJIHUTD JJOCTAaTOYHO CTPOTYIO OLIEHKY SKONOTMYe-
CKOT0 TIOTeHI[1aIa.

BaxHO TO, UTO BBeleHME CTAaHAAPTA JaeT BO3MOX-
HOCTb OIIEPATMBHO MTO/Ty4aTh MHTErPajIbHY 0 OLEHKY 3KO-
JIOTO-TEXHMYECKOTO COCTOSHMSA BOTHOIO 06'beKTa (OT/Ie/Nb-
HOTO y4aCTKa) ¥ BCell BOJHOI YaCTV TeXHOSKOCUCTEMBI.

3aknrodeHune

Paspa6orannsiit craugapt COY HASK 178:2019 [7]
ABJIAACTCSA IIEPBbIM B YKpaHe CTAHAAPTOM, VYU THIBAIOLINM
IPUHIVIIBI €BPOIIEIICKUX ITOIXONO0B B IPUPOJOOXPAHHON
[eATeIbHOCTY Ha IPEANIPUATHAX, B YACTHOCTY Ha 0ObeK-
TaX aTOMHOJ 9HepreTuKM. [IpakTryecky IOMTHOCTBIO OH
MO>KeT OBITb IPUMEHEH U J/Is 00 bEKTOB TeIlJIOBOJL SHepre-
K. C onpeie/IeHHBIMI KOPPEKTUPOBKAMY I PUHIIVIIBI
OLIEHKU 9KOJIOTMYeCKOTO COCTOSHNA (9KOTIOTMYeCKOTO O~
TEHIIMA/Ia) MOTYT ObITD VICIIO/Ib30BAHBI U B 9KOJIOTMTY€CKOM
MOHUTOPMHI€ 00 BEKTOB I'MIAPOIHEPIeTUKIL.

Oc06eHHOCTBI0 MOHUTOPUHTA, COITIACHO TPebOBaHM-
AM CTAQHZIapTa, ABJIAETCSA KOMIUIEKCHOCTD O01Iielt ero Ha-
IIPaB/ICHHOCTM: BBISB/ICHNE KaK BOSMOYKHBIX UM peasib-
HBIX HETaTVBHBIX BO3IelICTBUI TeXHO9KocucTeMbl ADC
Ha OKPY>KAIoOILIYI0 cpely U (POHOBBIE TUAPOIKOCUCTEMBI,
TaK ¥ BBIAB/IEHVE OOPaTHOTO BIVAHUA IMAPOOOIOrnye-
CKUX (aKTOPOB Ha HaJeXHOCTb pabOThl 060PyOBaHNUA
CHUCTEM OXJIaXKJCHUS Y TEXBOJIOCHAOXKEHM L.

KoMmnekcHOCTb IOAXOAa OmpefienseTcs TaKxKe
U TeM, 4YTO B MOHUTOPUHTIE B TOV MJIV MHOI Mepe JOJDK-
HBI OBITD 33/]e/ICTBOBAHBI BCE MOAPa3/ie/eHNsA U CITyXK-
661 ADC, uMemIIe OTHOIIEHE K BOJOIIOIb30BAHMIO.
B cranpmapTe 3a/mo)KeH Tak>Ke M HPUHLMNII COBEpIIeH-
CTBOBAHMS, ONITUMM3ALUY MOHUTOPUHTA, B YaCTHOCTH
B IIpOljecce pa3BepHYTOr0 MOHUTOPVMHTA YTOYHAIOTCS
Te VIM MHBIe ITOKa3aTe/lN U IPY HeOOXOAMMOCTY MOTYT
BBOJVITbCS HOBBIE.
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3acTocyBaHH: €BPONEIICbKUX IPUMHIUIIB
NMPUPOAOOXOPOHHOI AisANbHOCTI B CTAHAAPTI
rifpo6ioorivHOro MOHiTOPMHIY BOTHUX
texnoekocicrem AEC [ITT <HAEK “Eneproarom”™»

PosrnanyTo nuTaHHA iMIUIeMeHTalil IPMHLINIIB i K-
PEeKTMBHMX J[JOKYMEHTiB €Bpormeiicbkoro cowsy (€C)
y raaysi BOJHOIO TOCIIOAPCTBA, OXOPOHM Ta OL[iHKU
SIKOCTiI BOJJHOT'O CepefiOBMINA B ACHEKTi 3aCTOCYBaHHS
Bopnoi pamkoBoi gupextusyu €C pna opraHisanii rig-
po6io/IOriYHOTO MOHITOPMHTY CHUCTEM OXOJIOfIKeHHS
i rexnivnoro Bogonocradyanaa AEC Ykpainu. Buknazge-
HO OCHOBHI IPVHIIVIIN Ta ITOJIOXKEHHA aKTYyaIi30BaHOTO
crangapry JII «HanionanbHa aToMHa €HEPrOreHepyIo-
va KommaHisg “EHeproaroM™ y ranysi 0XopoHM HaBKO-
nmuurHboro cepeposunia COY HAEK 178:2019 «Ilopapmok
PO3pO6KY periaMeHTy rifpo6io/IoriuHOro MOHITOPUHTY
BOJIOJIMMI-OXO/IOIKyBayda, CUCTEM OXONOJKEHHA icH-
cTeMu TexHiYHOTO BofjorioctadaHHA AEC 3 peaktopamn
Ty BBEP».

Kntouosi cnosa: aToMHa €7IeKTPOCTAHIIiSA, BOIOVMA-0XO/IOIKyBad,
riffpo6ioIOriYHNMIT MOHITOPVHT, perlaMeHT, CTAaHAAPT
HiATPUEMCTBA, TEXHOEKOCUCTEMA.
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Application of European Principles of Environmental
Protection Activities in the Standard

of Hydrobiological Monitoring of Water Techno-
Ecosystem NPP SE “NNEGC ‘Energoatom™

The article deals with the implementation of the
principles and guidelines of the EU in the field of water
management, protection and assessment of the aquatic
environment quality in aspect of applying the EU Water
Framework Directive 2000/60, and for organization of hy-
drobiological monitoring of cooling systems and techni-
cal water supply of Ukrainian nucler power plants (NPPs).

Currently, Ukraine has adopted new state documents
that regulate the procedure for conducting the state water
monitoring. However, as in the Water Framework Direc-
tive, the documents focus on the monitoring of natural
water bodies (rivers and lakes).

The cooling ponds of Ukrainian NPPs are artificial
water bodies, and have each unique operating mode and
design features. They are located in different climatic
zones. Therefore, environmental and hydrobiological
monitoring should be carried out taking into account
these features. The existing principles of surface water
monitoring do not take into account the need to control
both the influence of anthropogenic factors on the envi-
ronment, and also the reverse influence of biotic factors
on the reliability of operation of NPP technical systems.
The Water Framework Directive suggests for assessments
to use a comparative analysis of ecosystems of artificial
water bodies with “similar” or close to them in nature. How-
ever, for cooling ponds there are no analogues in nature,
therefore, it is necessary to search the adequate approach-
es to assess the ecological state (ecological potential)
of these water bodies. And in a broader aspect, an assess-
ment of the whole water techno-ecosystem is necessary.

The article outlines the basic principles and provi-
sions of the new standard of SE “NNEGC ‘Energoatom’
in the field of environmental protection SOU NAEK
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178:2019 “Procedure of hydrobiological monitoring de-
veloping for a cooling ponds, cooling systems and wa-
ter supply system of NPPs with VVER-type reactors”.
When creating the Standard, the developers took into
account the necessity of using hydrobiological indicators
in monitoring and assessment, as required by the Water
Framework Directive. On the other hand, this document
takes into account the peculiarities of nuclear techno-eco-
systems of NPPs. Hydrobiological monitoring of NPP
techno-ecosystems is aimed two main tasks: to identify
probable and real causes of biological disturbances in the
operation of NPP water supply systems and as well as to
identify the factors which lead to negative impact of tech-
nical ecosustems on the surrounding hydro ecosystems
due to non-radiation exposure.

Keywords: nuclear power plant, cooling pond, hydrobiological
monitoring, procedure, standard of enterprise, techno-ecosystem.
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dopmMupoBaHue KYIbTypPbl 6€30IaCHOCTH Y CTYJIEHTOB aTOMHBIX
CIIeI{MAIbHOCTEN B By3aX YKpauHbI

Kntouesvie cnosa:

aTOMHas SHEPreTHKa,
6€30I1aCHOCTb,

Ky/nbTypa 6esomacHoCTH,
HOArOTOBKA Ka/ipOB B By3ax.

B HacTosijee BpeMs B aTOMHOJ 3HEpPreTMKe KOHLEMLMs KYIbTYypbl 0e30IacHOCTH
(Kb) BXOAUT B YMC/IO HEOTHEM/IEMbIX 3JIEMEHTOB, KOTOPBIE JIeXKaT B OCHOBE CUCTEMBI
ynpasienns 6esonacHoctoio. Otpakennem s dexrusHoctu KB npu skcmayaranun
aToMHBIX 97ekTpocTanuuit (AJC) aBrsI0TCA MOKasarenu 6e30IacHOCTI.

IMTokasaHo, YTO IKCIUIyaTalOHHBIE IMOKa3aTenu paborst ADC YKpanHbel, Takue Kak
KO/IMYECTBO Y4YETHBIX HApyLIeHMIT, K09((UUMEHT MCIOIb30BAHNUSA YCTAHOBICHHOI
MOIIJHOCTH, KO3 PUIMEHT HECEHNUsT HOMUHAIBHOI 3TeKTPUIECKOI HATPy3KH, KOTO-
pBIMM OLleHMBaeTCs cocTosiHme GesomacHocTy 1 KB, HaxopsaTcst HIDKe CpegHeMupo-
BOTO YPOBHAL.

OpnHolt M3 IpMYMH, BINAKIINX Ha CHIKeHMe ypoBH:A Kb Ha A9C, ABndercs HefocTa-
TOYHas MOATOTOBKA IIEPCOHAIA, [I09TOMY €€ HaJlo HauMHATD Y)Ke B By3aX, TOTOBSIINX
OyRyLIMX CIIEI[MaINCTOB aTOMHOM OTPAc/In. ABTOPBI CIUTAIOT, YTO OCBOECHNE IPUHIIN-
noB KB B By3ax JO/KHO CTaTh 4acThIO OOLIIETO COBPEMEHHOTO IIpollecca 0OecredeH st
U yIIpaBjIeHnsi 6€30MacHOCTBIO B COOTBETCTBUM C PYKOBOACTBAMI 11O 6€30I1aCHOCTHI
MeX/[yHapORHBIX oprannsanuii. Kpome toro, aTo moBsicuT 3¢ $peKTUBHOCTD pe3yIbTa-
TOB BBIIIO/IHEH NI cOOTBeTCTBYIomMX nporpamm ['TI «<HASK “Dneproarom™.

[l aTOTO IpeyIaraeTcA BKIIOYNTD B y4eOHbIE ITAHBI BY30B, OCYIeCTBIAIOMINX IIOf-
FOTOBKY CIIELMa/INCTOB AJIsI AaTOMHOIL oTpaciny, arcunimHy «Kymprypa 6esomacHo-
CTH B sIfiepHOIL 9HepreTuKe». E€ usydenne momoxer GOpMUPOBAHUIO § CTYLEHTOB —
6ynywux paborHukoB ASC — MbinuieHusi, Kotopoe 6asupyercs: Ha koHennun KB,
HAIIpaB/IeHHOIT Ha 6e3yCIoBHOE CobmoeH e TpeboBa It 6e30IIaCHOCTIL.

BBenenne

[eiCTBUM, YMEHMA BCECTOPOHHE OLIEHMBATD C/IOXKMBIIY-
I0CS CUTYAIINIO, CTIOCOOHOCTY IIepecMaTpyUBaTh COOCTBEH-

B HacTosiiee BpeMsi 6€30MacHOCTD B aTOMHOIT 9HEP-
reTrKe HEBO3MOXKHO MPENCTaBUTH 6e3 obecredeHus
BBICOKOJT KynbTypbl 6esonacHoctu (KB), koTopas B fo-
KyMeHTaX MeX/JyHapOJHOIO areHTCTBa IO aTOMHOM
aHepruu (MATATD) INSAG-4, -13, -15 [1-3] onpeperne-
Ha KaK QyHIaMeHTa/IbHBII YIIPAaBIeHUYeCKIIT IPUHIUIT
6€30IacHOCTY aTOMHBIX 3meKTpocTanuuit (AC).

Osnapenue Kb npepnonaraer npuobpereHue nep-
coHanoM ADC ycTOYMBBIX HABBIKOB IIpeABapUTE/IbHO-
O IPOAYMBIBAaH 1 ITTyOOKOTO aHa/MN3a MPOM3BOAVMBIX

Hble TIO3ULUY U YOKIeHNA B CBeTe HOBOI MHpOpMaLniy,
HENPEPHIBHO U HEIPEAB3ATO MBICINTD, BBIHOCUTD CY>KTe-
HMA, B3BEILIEHHO IPYHUMATD PellleHN .

IToxasarenu 6e3omacHOCTN YKpanmHCKnx ADC

B cootBercTBum ¢ INSAG-4 [1] orpaxkenuem addex-
tuBHOCTU Kb npu sxcnimyaranum ASC ABNAIOTCA TOKa-
saremu 6esomacHoctu. [Toatomy B Metopuke I'TI < HADK
“Oneproarom”™» onenku cocrossuus Kb [4], Hapsay ¢ apy-
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TUIML, VICTIONB3YIOTCSA IOKa3aTe/ln HapyLIeHN ¥ OTK/IOHe-
HUI1 B paboTe ADC, a Tak)Ke 9KCITyaTaI[IOHHbIE TOKa3a-
Tenu paboTHI CTAHI[UIL.

KonnuectBo Hapyuenuii B pabore ADC YkpanHsl
ocraeTcs 6O/MBIINM, YeM KOMMYeCTBO Ha 3apyOe>KHbIX
A3C, koTopoe 13 rofa B rofi yMeHbIaercs (puc. 1), Tor-
fla KaK y HaC Ha IIPOTSHKEHNN IOC/IeTHUX AT JIeT OHO
YBEIMYNIOCHh IOYTH B Ba pasa (puc. 2).
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Puc. 1. Cpeganit mokasarenb aBapuitHbIX 0cTaHOBOB ADC
B MIUp€: YMCTI0 OCTAHOBOB B aBTOMATMYECKOM I B PyYHOM
pexume 3a 7000 yacoB pabOTHI yCTaHOBK [5]
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Puc. 2. KonmraecTBo y4eTHBIX HapymeHuii B pabore ADC
YKpanHbl Ha ofyH 670K 3a 2005-2018 rr. (rucTorpamMma
COCTaBJIeHa aBTOpaMI Ha OCHOBAHMY JaHHBIX OTYeTa [6])

HapymeHnus BefyT K CHUDKEHNIO SKCIITyaTaI[IOH-
HBIX IOKa3aTernelt paboTsl ADC, K KOTOPBIM OTHOCATCS
K03 PUIMEHT NCTIONb30BAHN YCTAHOB/ICHHOI MOIIHO-
ctu (KUYM) u koapdpuuneHT HeceHUS HOMUHAIBHON
3JIEKTPUYECKOI HATPY3KMU.

BaXHOCTb 3TMX MOKa3aTeneil 3aK/II09aeTCs B TOM,
9TO OHU XapaKTepusynT 3¢ PekTUBHOCTH paboTsr ADC
B II€JIOM, BK/TIOYasl He TOIBKO €€ TEeXHOIOTMYeCKoe CO-
BEpPILIEHCTBO, HO ¥ KBAIMPUIMPOBAHHOCTD NIEPCOHAA,
OpraHM3aINI0 PabOThI PYKOBOACTBOM CTAHLIMY, A TAK)KE
OpTaHM3ALVIO BCeiT OTPAC/IN Ha TOCYAAPCTBEHHOM yPOB-
He U MHOTHe Apyrye GaKTOpHL.

K coxanennto, cpegauit KUYM ADC Ykpanss! cCHU-
xaetcda ¢ 2007 r. B 2018 r. on coctaBun 69,6 % (puc. 3),

TOIZa KaK CpeJHEMIPOBOI ypoBeHb npeBbimIaeT 80 %.
K npumepy, B 2017 I. mokasaTenb MUPOBOTO CPETHETO
KMYM cocraBun 81,1 %, coxpaHaAsA BBICOKNE YPOBHH,
TOCTUTHYTHIE 3a mocnenguue 20 neT. B pAfe cTpaH, B 4acT-
Hocty B CIIIA, oH npesbimraer 90 %.
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Puc. 3. Cpeprane sHavennsa KUYM pgna ASC YkpanHbl
3a 2005-2018 rr. (rmcTorpaMma coCTaB/ieHa aBTOpaMu Ha
OCHOBAHNM JAHHBIX OTYeTa [6])

CkaszaHHOe BbIlIe OTHOCUTCSA U K CPeHIM 3HaYeHN-
AM K09 uIeHTa HeCeHV I HOMMHA/IBHOI 9/IeKTpIye-
ckoit Harpy3ky ADC YKpauHbl, KOTOPBIil TAK)Ke IMeeT
TEHIEHINIO K YMEeHbIIeHNIO (puc. 4).
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Puc. 4. Cpegnie 3HadeHUA KO3 PULIVEeHTa HeCCHU A
HOMMHAaJ/IbHOI 371eKTpudeckoit Harpysku A9C YKpauHbl
3a 2009-2018 rr. (rucTorpaMma cocTaBieHa aBTOpaMU
Ha OCHOBaHMM JAaHHBIX oTYeTa [6])

Eme pa3 cremyeT moguepKHyTh, YTO MOKA3aTeIN
Ha/IeKHOCTH, 3P HeKTUBHOCTH U 6€30MaCHOCTI paboThI
OTZENTbHOTO 000pPYAOBAaHMS 1 BCell CTAHIIUY B L[/IOM
onpepenaoT cocrosane Kb nHa ASC. IlpuBeneHnbIe
BBIIIIE JaHHBIE CBUJETETbCTBYIOT O TOM, YTO YPOBEHb
Kb na yxpanackux A9C oTcTaer OT CpeHeMIPOBOTO.

AHanornyHble pe3y/IbTaThl ITOKa3aja aHAAU3 KO-
nudectseHHOM oneHky Kb Ha ADC Ykpannwr B 2017-
2018 rr., BeimonHeHHsIit [TT « HAIK “Oneproarom™ mo
MeTopuKe [4] n onpepenuBnit cocrosiuve Kb Ha A9C
KaK yJOB/IeTBOPUTEIbHOE.
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YemoBeuecknii pakTop u 6e30macHOCTD

OrpoMHoe 3HaueHMe B 00eClIeYeHNN Hale)KHOCTH
paboTsl obopynoBanus, cuicteM AJC 1 B 1jenioM eé 6e3-
OIIACHOCTM MMeeT Ye/I0oBeuecKmit GpakTop.

B noxymentax MATATS nopguepkuBaeTcs, 4To 6e3-
ormacHocTb ADC 3aBUCUT OT 6e30IK1O609HON pabOTHI
HepCOHasIa B TAKOM JKe CTEHeHM, KaK 1 OT HaIeXKHOCTH
o6opynoBaHMs. AHaIN3 TOKa3bIBAET, 4TO IO 25 % OcTa-
HOBOB 0710k0B ADC MOITIO OBITH IIPELOTBPAIIEHO COOT-
BeTCTBYOIIVMIU JIeVICTBUAMY onepaTtopos. [1o orenkam
uccnenopaterneit, 15-20 % ciydaeB 0TKa3oB 000pysoBa-
H1Is1 00YCTIOB/IEHBI OIIVOKaMU [IEPCOHATIA, T.€. BIVSHMEM
Je/10BeuecKoro gakropa. Kak mokaspIBaeT OIIBIT, XOPOLIO
HOJITOTOB/ICHHBIII IEPCOHAJI CIIOCOOCTBYET ITOBBILIEHIIO
KMYM He menee yem Ha 1%. A paboune, mpoiesiine
CIieljuajIbHble TPEHMPOBKY, IIPY peMOHTE 000PyTOBaHN
ASC nonyuator ob6nydenne Ha 40-50 % MeHblile, YeM He-
TPEHMPOBAHHBII IIepCOHAI [7].

Vicxopms M3 CKa3aHHOTO BbIIIE, MOXKHO IIPEeAIIOsIO-
>KUTb, YTO OHOIT U3 MPUIVH, BIUAIOIMX Ha CHYDKEHUE
yposHa Kb Ha ADC, ABnsercsa HegocTaTOYHas IOATO-
TOBKA IIEPCOHAIA.

Hanpumep, npu oueHuBaHumu cocrosgHua Kb
B I'TI <HASK “Oneproarom™ B 2017-2018 rT. 10 Hampas-
NeHnIo fesitenbHOCTY «I10ATOTOBKA MepcoHana» 6bII0
BBISIBJICHO 3HAUNTE/IbHOE KOTMYeCTBO HECOOTBETCTBUIA
Y MaJjIoe 4VIC/IO TTOJIOXKUTEIbHBIX IPAKTHUK, YTO, B 4aCT-
HOCTH, 00yCTIOBITIO HEAOCTATOYHO BBICOKMIT ypoBeHb KB
B KOMITaHUL.

Ha npepnpuarnax, sxogamux B coctas I'TI «<HADK
“Oneproarom”, B ToM uncie Ha ADC, [je/raeTcsi MHOTOe
Ji/Is1 TOTO, YTOOBI IIePCOHA OBIT MAKCHMAIbHO KOMIIe-
TEHTHBIM JI/I51 ICIIOJTHEHN A CBOMX 00s13aHHOCTeI, HO, Ha
Halll B3IJIAI, 3TOTO HEZOCTATOYHO.

ITogroroBka Kagpos

Certyac mOTpeOHOCTD B KaJpax MIJIsI aTOMHOM OT-
pacnu YKpanHbl 1 Tpe6OBaHUs K YPOBHIO UX Ipodec-
C]/IOHa}IbHOf/I IIOATOTOBKIM O4Y€HDb BBICOKMU. STO CTAaBUT
Hepen By3aMI/I, TOTOBAIIMMU CIIEINAIVICTOB-ATOMIIN-
KOB, 3a1a4M MaKCMMaJIbHO BO3MOXXHOTO Hp]/I6JII/I>KeHI/IH
JINMYHOCTHBIX KAa4EeCTB BbIHYCKHI/IKOB K TaKUM, KOTOpre
onpepenerst nonutukoit [T «<HAIK “Oueproarom™
B 06/1acTyt 6€30IIaCHOCTY [I/IsI COTPY/FHIKOB IPEeIpusi-
Tuit koMmnauuu. llepeyq crenuanucTaMy CTaBUTCA Lielb
O6Haf.[aTb JINMYHOCTHBIMMU Ka4YeCTBaMMU, KOTOpre rapaH—
TUPYIOT, YTO BBICIINM IIPUOPUTETOM B UX Ipodeccuo-
Ha)'II)HOIZ OeATCIbHOCTN U IIOBEOCHUU 6YI[YT ABIATHCA

BOIIPOCHI 6€30MacHOCTH. B COOTBETCTBUM € JOKYMEHTOM
MATATS INSAG-4 [1] Takoit Habop Ka4yecTB OINpee-
nsietcs Kak «Kynprypa 6esomacHocti». OTciona cieny-
eT, 4YTO y>Ke IIPY NMOATOTOBKe OYAYIIMX CIIelaTnCTOB
II0 aTOMHOJI 9HepreTUKe B By3ax ocoboe BHUMaHMe
HeOOXORMMO YAeNATb GOPMUPOBAHNUIO Y CTYAEHTOB
MBILI/IEHN s, KOTOpOoe 6a3upyeTcs: Ha KOHLEMI[UH, Ha-
IIpaBJIeHHOI Ha 6e3yclIoBHOE cobMIofieHe TPpeOOBaHMIT
6e30macHOCTH.

OCHOBHBIM UTOrOM paboThI By3a 110 GOpMUPOBa-
Huio KB y cTyneHTOB HO/KHO 6BITH HOpMUPOBaHUE CO-
OTBETCTBYIOIINX KOMIIETEHI|MII, KOTOPbIe HEOOXOAIMO
uMeThb nepconany A9C, 1 0TpakaTb He TONMbKO 0COOeH-
HOCTU JIeATeTbHOCTY CHEeNVaNNCTOB, HO U YPOBEHb UX
npusepxeHHocTH KB.

K 4ncmy xmoueBbIX KOMITETEHI[UI MOYKHO OTHECTI:

1. DocTuKeHus u meiicTBUA B obmacTu 6e3omac-
HOCTM: OPMEHTaLMs Ha JOCTYDKeHNA B cepe Gesomac-
HOCTU; CTpEMJIEHNE K Ollpe/ieIeHHOCTU B Bonpocax Kb;
VHUIVATUBHBIE JeVICTBIS, CIIOCOOCTBYIOIYE YTy dlie-
Huio Kb.

2. MeXIMYHOCTHbIE OTHOIIEHA: OCTPOEHNE OT-
HOILIEHNII B KO/IEKTVBE; IIOHMMaHMe OKPY>KaIol[NX;
BO3JIEIICTBME Ha OKPY>KaloWMX c nenplo passutusa Kb;
OpPraHM3aTOPCKNE CIOCOOHOCTI.

3. YmpapreHue epcoHasIoOM: JUPEKTUBHOCTD B 00-
nactu pasButnsi Kb; paboTta B KoMaH/ie; TUIEPCTBO B KO-
MaHIe.

4. KorHUTUBHbIE KOMIIETEHI[NI: aHATUTUYECKOEe
MBIIIJIEHIE; CICTEMHOE MBIIIIeHNe; 9KCIIepTHBIE 3Ha-
Hus B obmactu KB.

5. JImyHOCTHasA 3(pPeKTUBHOCTD: YBEPEHHOCTD
B cebe; CAMOKOHTPOJIb U CAMOPETyIALNs; TMOKOCTh
MBIIIIEHN; TpefaHHOCTD KB.

MHorue u3 mepeurcIeHHBbIX Bblllle 6a30BBIX Ka-
YeCTB, OIpefie/AIIINX KoOMIeTeHIun nepconana A9C,
BXOJAT B IlepedeHb OOLIeKyIbTYPHBIX 1 Ipodeccyo-
Ha/IbHBIX KOMIIETEHIIUII, IP1OoOpeTaeMbIX B By3e, IIO-
3TOMY HEOOXOMMO COOTHECTU X C JUCLUIIMHAMY,
Ha KOTOPBIX OHU JJO/DKHBI (OPMUPOBATHCH, C COfep-
XaHMeM 00ydeHNs U HallpaBleHusAMYU GpopMupoBaHus
KOMIIeTeHIIUI1. Bce aTo TpebyeT cepbe3HOiT KOppeKIuu
1iesielt 1 3a/ja4 00pasoBaHusA, CPEACTB 00yUeH N, COfep-
XKaHUA y4eOHOro Mpoliecca, ypOBHs KOMIIETEHTHOCTHI
1po¢eccopcKo-TpenoaBaTe/IbCKOro COCTaBa, BHELpe-
HUs 00yYaoIINX TEXHONOTUIL, GpopMupyoIux 6oaee
r1y0OKMe ¥ Pa3HOCTOPOHHYE KOMIIETeHI MM Oy Ay LIInX
CIIeI[a/TNCTOB.

Takum 06pasom, BaXHeIINM TpeboBaHMEM K 00pa-
30BaTe/IbHBIM OPTaHM3ALNAM, OCYILIeCTBIAIONIIM II0]-
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TOTOBKY CIIEIIMa/IICTOB [JIs1 aTOMHOJ OTPaCIIN, ABJAETCA
OpMeHTauNs1 00pa3oBaTeNbHOI AeATETbHOCTU He TOIBKO
Ha pOpMMPOBaHME Y CTY/IEHTOB YHIBEPCa/IbHBIX I IIPO-
dbeccroHaNbHBIX 3HAHUIT Y KOMIIETEHIINIT, HO M OTHO-
eHns K 6yay1eit npodeccroHaNbHOI eI TeNbHOCTH,
IIOCTPOEHHOTO Ha IPUHATHIX B OTPACc/Iy KOPIIOPAaTUBHbIX
LIEHHOCTSX [8].

B nporjecce yue6n! epen 6yAymmuMy aTOMIKaMU
BCTaeT TPYAHAs 3ajada: HEOOXOAMMO He IIPOCTO HAKO-
IUTH 3HAHUA 110 BBIOPAHHOI CIIEIVIaIbHOCTH, HO U BbI-
paboTaTh MOAXOADI K OyAYyILeit HpodecCHOHaIbHOI Aesi-
TETIbHOCT, OCHOBAHHBIE Ha IPHOPUTETE 6€30I1aCHOCTIL.
Pemenuto sToM 3afa4m JOM>KHA IOMOYb JVCIUIIIMHA
«Kynprypa 6e30macHOCTI», KOTOPYIO, IT0 HAallleMy MHe-
HII0, HeOOXO[IMO BBECTH B yueOHBIE IIJTAHBI BCEX BY30B,
KOTOpbl€ TOTOBAT CIIELMATNCTOB IO HAIlpaBIE€HUAM
aTOMHOJ SHEPIETUKI.

PaccmoTpum, Kak 06CTOAT fieta ¢ 06y deH1reM OCHO-
BaM KB B 06pa3oBaTe/IbHBIX yUPeXJeHNAX YKPauHbIL.

OCHOBHBIMU By3aMM, KOTOPbBIE y>Ke MHOTHE TOfbl
TOTOBAT VHX€HEPOB-aTOMIVKOB /151 aTOMHOJ SHepre-
TUKM YKpauHbl, ABAA0TCA OneccKuil HaljMoHa/IbHBIN
nonutexHndecknit yausepcurer (OHITY), B HacTOA-
1iee BpeMsi 6a30Bblit, 1 HalnmoHamnbHbIN TEXHUYIECKIUIT
yHUBepcuTeT YKpanHbl «KreBcKmii MONUTeXHMIEeCKUA
MHCTUTYT uMeHn Vropsa Cukopckoro» (HTYY «KIIN
nmenn Vrops Cukopckoroy).

C 2014 r. K MOATOTOBKE CIIEI[MA/IXCTOB II0 aTOMHOI
SHepreTHKe MOJKII0YMINCh HallMoHanbHBIN YHUBEPCH-
TeT «JIbBOBCKasl MOANTEXHMKA» I BUHHUMIIKMI HAIMO-
HaJIbHBIJ TEXHUYECKNI YHUBEPCUTET.

C 2009 yuebnoro ropa Ha Kapenpe ADC u nHxKe-
HepHoll Temnodusuku HTYY «KIIM umenu Mrops
CHUKOPCKOTO» [IsI CTY/IeHTOB-aTOMIIIIKOB Obl/Ta BBefe-
Ha pucuumnHa «Kynprypa 6esomnacHOCTH Ha sfjepHBIX
obbekTax YkpanHsl». [IpenogaBatensamu Kadenpst 6bI1
paspaboran u coBmectHo ¢ ['TI «<HADK “Oneproarom”™
U3JaH y4eOHUK [/ CTYAEHTOB TEXHUYECKUX BY30B
«Kynprypa 6€30IaCHOCTU B SAlepHOI 9HepreTuKe» [9].

Ha xa¢penpe ADC OHIIY pns crypmeHToB, 06y4a-
IOIIMXCA MO CIeNVanbHOCTY «ATOMHAs S9HEPTeTUKa»,
B IIPOTPaMMY JUCHMUIUINH «be30macHoCTD 1 HaleXKHOCTD
ADC» 1 «ATOMHBIE 3/IeKTpUUECKMe CTAHIUN» BXOLNUT
paspen «Kynbrypa 6e3onacHocty Ha A9C», a ¢ 2017 1.
BBefleHa aucuuinnHa «Kymbrypa 6esomacHocTu Ha
ASC» u BK/TI0YeHA B HOBBIE Y4eOHbIe IIAHbI ITOfTOTOBKM
0akasaBpOB KaK OT/e/IbHAS AVICUIIINHA, IIPeIlofaBaHe
KOTOpoI HauyHeTcA B 2019 1.

B ocranbHbIX By3ax YKpaMHBbI, B KOTOPBIX BeeTCA
MIOATOTOBKA Ka/IpOB [I/11 aTOMHOJ SHEPTETUKY, HU Kypca

1o KB, HY COOTBETCTBYIOLIETO pasfie/ia B y4eOHBIX IIPO-
rpaMMax II0Ka He CyIeCcTBYeT.

HIna cnpaBku: Bo Bcex Bysax Poccniickoit Pepepa-
I[UIY, B KOTOPBIX BeJIeTCs MOAATOTOBKA CIIEIVIa/INCTOB LA
aTOMHOI OTpac/n, 1160 B Kypc JIEeKLNIT 110 6e30IacHO-
ctu ADC BxioueH pasgen «Kynbrypa 6esomacHOCTI»,
160 YUTAETCS OTAENBHBIN KypC, a B Pecriybnuke Bera-
PYCh IMOATOTOBKA CHENVANTNCTOB-aTOMINVNKOB BefleTCs
B YeTBIPeX By3ax pecryOnuku. V3ydeHue B 9TUX By3ax
ocHoB Kb npefycMoTpeHO THIIOBOI yueOHOIT IIporpam-
Moit «SIpepHast 6e30mMacHOCTb», KOTOpasi pa3paboTaHa
B COOTBETCTBUM C TpeOOBaHUAMYU 0Opa30BaTEIbHOTO
CTaHJapTa [0 HaIlpaB/lIeHNIo «SIgepHas pusnka u Tex-
HOJIOTUW».

Yue6nsiit kypc «Kynprypa 6esomacHoctu A9C»
nns 6akanaBpoB, obyvaromuxcs Ha Kadeape ADC
OHIIY mno crenmanpbHOCT «ATOMHAasI 9HEPreTUKa»,
IIOCTPOEH C YYeTOM OIBITA IIPENofaBaHNA aHa/IOTNY-
HOTO Kypca B OTEYeCTBEHHBIX U 3apYOeXXHbIX By3ax,
a Tak)Ke Ha ocHoBaHMM Martepuanos no Kb MATATD
u I'TT <HA3K “Oneproarom™. Iucunminza 6a3upyercs
Ha 3HAHMUAX, IOTY4YeHHBIX CTYJeHTaMI paHee IIPU U3-
y4eHMM TaKMX JVICLUUIUINH, KaK « ATOMHBIe 37IeKTpude-
CKIe CTaHI[UI», «SIjepHble SHepreTu4ecKue peaKTophl»,
«besomacHocTh 1 HagesXHOCTh ADC», «Kynpryponorus,
«[Icuxomorusa» 1 HeKOTOPBIX IPYTUX.

B mporpamMme IVICHMUIUIMHBL CBefleHNA O MIPUHIN-
max 6esomacHoctr ADC, porb yenmoBeyeckoro ¢pakTopa
B obecnieyeHnu 6esonacuocty; Kb — dyHnmamenrann-
HBIII IPMHIUI YIIPaBIeHNUs 6€30IaCHOCTDIO; OIIBIT 00e-
criedenns 6e3omacHoctu u KB B cTpaHax, uMenInx pas-
BUTYIO SAEPHYIO OTPAC/Ib; IICUXOIOT YA 0€30IaCHOCT;
crioco6s1 u metopst orieHku Kb u fip.

OcHOBHas 1eTb JUCHNUIUIVHBI 3aK/II0YaeTCS B TOM,
YTOOBI IaTh CTYAEHTAM YITyO/lIeHHbIe 3HAHNS METOJ[OB
¢dopmuposannsa Kb kak ogHoro n3 ¢pyHgaMeHTaIbHBIX
HIPUHLUIIOB yIpasaeHus 6esomacHocteio ADC. Yemex
o6y4enns Kb Bo3MO>keH IMIIb € y4eTOM 3/IEMEHTOB, KO-
TOpBIE 0TOOPAXKAIOT OOIIeUeTIOBEYECKIE LIEHHOCTIL: NI,
HOPMa, KaueCTBO IMYHOCTY, MOTUBALIVS, JOCTYDKEHNe O-
CTaBJIeHHOII et U fip. [7Ty6okoe MoHMMaHMe U YCBOeHUe
CYTHU II€PeYNCIeHHbIX 57IEMEHTOB IIOATOTOBUT CTYIAE€HTOB
K OCO3HaHUIO OTBETCTBEHHOCTU 32 Pe3yJ/IbTaThl CBOEN
[IesITeNIBHOCTY, KOTOpasi MOXKET IIOB/IUATDH Ha Oe30Iac-
Hoctb ADC. B tore cTyieHTBI 06peTyT YMeHNUA U IpakK-
TUYeCcKVe HaBBbIKY aHa/n3a onbITa sKcInyarauny A9C,
XapaKTepPUCTUK ITOBE/IeHN S BCETO KOJIEKTVBA U CBOETO
COOCTBEHHOTO C TOUKM 3peHNs COOMIOfeH s IPUHIINIIOB
6€30IaCHOCTM KaK BBICLIETO IpKopuTera mpodeccuo-
HaJILHOM IesTeTbHOCTU.
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BoiBoabl

Ocpoenne npunnunos Kb B Bysax Jo/mkHO craTh
JacThi0 OOIIero COBPEMEHHOTO IIpoliecca 0becedeHNs
¥ yIIpaB/IeHN s 6€30IIaCHOCTBIO, YTO PeKOMEH/YeTCs PyKo-
BoOpiCTBaMy 1o 6e3omacHoct MATATD u fokyMeHTaMu
BcemupHnoit acconyanuy opraHusannil, SKCIUTyaTUpyIo-
mMuX aToMHbIe sneKTpocTanuy (BAO A9C), paccmarpu-
BaOLIVIMI OCHOBOIIONIaraoye npuHuumbl Kb.

JIna 3TOrO C IeNbI0 BBHINOTHEHNUA TPeOOBaHMI
MATATDS no 6e30macHOCTH, CO3LAHNUSA B COOTBETCTBUN
¢ npuanunamu BAO A9C cunproit Kb B aToMHOI1 3HEp-
retuke (10, 11], apdexTnBHOI peanusanuy IporpaMmsbl
['TI <HA3K “Oneproatom”», HalIPaB/IEHHOI Ha MOBBIIIIE-
Hue ypoBHA Kb Ha ADC Ykpannsl [12], cremyer BKIIO-
YUTh B y4eOHbIe IIAaHBI BY30B, BeYIUX IOATOTOBKY
KaZIpOB JI/IA aTOMHO OTpacu, sucuunnnny «Kynbrypa
0€30MacHOCT B AJJePHOIL SHEPTETUKE.

YT106BI TPUOIUSUTD YPOBEHD IIOATOTOBKMU CTY/eH-
ToB B obmactu Kb k orpacneBsiM TpeGoBanusm, I'TI
«HA3K “OHeproaTom”™ MO>KeT 0Ka3aThb IIOMOIIb By3aM
HOCPefICTBOM Ilepefady MM ITakaToB 1o Kb, HarmsagHbeIx
OCOOMIL, MeTORMYECKNX YKa3aHMil, MHCTPYKIIHIA, TTO/IO-
JKeHMI, IPYTUX JOKYMEHTOB 1 MaTepuanoB Komnauum,
HallpaBJICHHBIX Ha NopjepKaHue u pasputue Kb B eé
000CO0/IEHHBIX MTOIpa3TeTeHNIAX.
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C. B. bap6ames, B. C. Kipos, . O. Komaposa,
B.II. KpaBueHko

Odecvkuti HayioOHANLHUTI NONTIMeXHIYHULL yHiBepcumemn,
npocn. Ilesuenxa, 1, Odeca, 65044, Ykpaina

@®opMyBaHHA Ky/IbTYpH 0€3IeKHN y CTYACHTiB
aTOMHMNX CIieljiaTbHOCTel Y BUIIMX HAaBYaIbHUX
3aKnajgax YKpaiHu

Y mamI yac B aTOMHIii eHepreTu1i KOHIENLisl Ky/lb-
Typu 6esnexn (KB) BXOgUTD 10 HeBi/f €EMHNX e/IeMEHTiB,
IIJO JIeXKAaTh B OCHOBI CHCTEMU YIIPaBIiHHA 6€3IeKOI0.
Bigo6paxkenusam edextuBrocti Kb mig gac excrya-
tanii atoMmHux enekrpoctaniiin (AEC) € mokasHuku
Oe3mexn.

Y crarTi nokasaHo, 0 eKCITyaTalliliHi TOKa3HM-
kn poboru AEC Ykpainn, Taki fK KilbKicTb 06/TiKOBUX
HOpYIIeHb, Koe(illieHT BUKOPUCTAaHHSA BCTAHOBJIEHOI
HOTY>KHOCTI, KoedillieHT HeCeHHS HOMiHa/IbHOTO eJIeK-
TPUYHOTO HaBaHTa>X€HHA, AKMMM OL[iHIOETHCA CTaH
6esnekn i Kb, € Hux4nmu 3a cepefHbOCBITOBMII PiBEHb.

Opniero 3 MpU4YMH, MO BIVIMBAIOTD HA 3HIKEHHS
piBaa Kb vHa AEC, € HegocTaTHA MiiTOTOBKA ITepCOHA-
ny. ToMy Taky mirOTOBKY IOTPiOHO IMOYMHATY BXe Y
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DopMupoBaHme KyIbTypbl 6€30IIaCHOCTH ¥ CTYAEHTOB

BUIMX HaBYAJIbHMUX 3aK/IaflaX, AKi TOTYIOTb MaitOyTHIiX
¢daxiBLiB aTOMHOI ramysi.

ABTOpYK BBa)KaIOTh, IIJ0 OCBOEHHA npuHNunis Kb
y BUIIMX HaBYaJbHUX 3aKJaJlaX IOBMHHO CTaTU 4a-
CTMHOIO 3ar'aJIbHOTO Cy4acCHOTO MPOLeCy 3abe3nedeHHs
Ta yIpaBliHHA 0€3[eKO0I0, 1[0 PEeKOMEHJYETbCS Bifl-
MOBiZHMMM HacTaHOBaMu 3 6e3mekn Mi>KHapoOgHOTO
areHTCTBa 3 aTOMHOI eHeprii Ta fokymeHTamu BeecBiT-
HbOI acouianii opranisaniif, mo exkcryaryorb AEC.
Kpim Toro, ne migBnmnTh epeKTUBHICTD pe3ynIbTaTiB
BUKOHaHHA BignoBiguux nporpam 1T <HAEK “Enep-
TOATOM ».

J71 bOro 3aIIPONIOHOBAHO BKIIOYUTH IO HABYa/Ib-
HUX IJIaHiB BUIIMX HaBYaJbHUX 3aKJIaiB, IO 3Mmilic-
HIOIOTH MiATOTOBKY (paxiBIliB //Is1 aTOMHOI ramysi, Auc-
unmtiny «Kynbrypa Gesnexn B spepHiit eHepreTuii». [i
BUBYEHH IOTIOMOXKe POPMYBaHHIO Y CTYIeHTiB — Maii-
OyTtHix npaniBHukiB AEC — MuceHHs, sike 6a3yeTbcst
Ha KoHIenuii KB, cnpsmoBaHoi Ha 6e3yMOBHe JOTPU-
MaHHsI BUMOT 0e3IeKIL.

Kniouosi cnosa: aToMHa eHepreTHKa, 6esmexa, KynpTypa
663H€KI/I, HiHI‘OTOBKa KaﬂpiB Y BNIMX HaBYa/IbHNUX 3aK/Iafax.

S. V. Barbashey, V. S. Kirov, Ya. O. Komarova,
V. P. Kravchenko

Odessa National Polytechnic University, 1, Shevchenko av.,
Odesa, 65044, Ukraine

Formation of Safety Culture among Students
of Atomic Specialties in Universities of Ukraine

Currently, in nuclear power engineering, the
concept of safety culture is one of the essential elements
that underlie the safety management system.

Safety indicators are reflection of effectiveness
of safety culture during operation of nuclear power plants.

It is shown in the article that the operational
indicators of Ukrainian nuclear power plants, such as the
number of accounting violations, installed capacity
coefficient, the ratio of carrying the nominal electrical
load, which assesses the state of safety and safety culture,
are below the world average.

Human factor is of great importance in ensuring
an adequate level of safety of nuclear power plants, the
willingness of staff to recognize safety as a top priority
and to be committed to safety culture in their actions.

One of the reasons of the safety culture level
reduction at nuclear power plants is insufficient training
of personnel, so training of the future specialists in
nuclear industry should be already started in univerisites.

The authors believe that mastering the principles
of safety culture in higher education institutions should
be part of the overall modern process of ensuring and
managing safety, which is recommended by the relevant
safety guides of the International Atomic Energy Agency
and documents of the World Association of Nuclear Power
Plants. Besides, it will increase the efficiency of the results
of the implementation of the relevant programs of the State
Enterprise “National Nuclear Energy Generating Company
‘Energoatom”.

To this end, it is proposed to include the discipline
“Safety Culture in Nuclear Power” in the curricula
of universities. Study the discipline will help students
(future employees of nuclear power plants) to create
concept of thinking which is based on the concept
of safety culture aimed at unconditional compliance
with safety requirements.

Keywords: nuclear energy, safety, safety culture, training
in universities.
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IIpaBuna gis aBTOpiB

3aranpHi BUMOru

1. Pepaxuis 36ipHuka «SgepHa eHepreTyKa Ta JOBKI/UIA» IpUIIMa€e paHille Heomy6IiKoBaHi aBTOPChKi CTATTI,
IO BiATIOBiflal0Th NIpO(iTI0 BUJaHHA Ta MAIOTh HAyKOBE Ta IPaKTUYHe 3HaUeHH:. TeKCTU cTaTeil Ta BCi MaTepiann
10 HUX IOBVHHI OYTU peTeNbHO BifjpejaroBaHi Ta mepeBipeHi.

2. Crarri, sIKi € pe3ynpTaTaMu po0it, IpoBefieHNX B IHIINX OpraHisalisfx, IOBMHHI MaTy CYHPOBiJHUII JOKY-
MEHT BiJl IuX opraHisaniit. PasoM 3i cTaTTelo o pefakiiii )KypHany Mae Oy Ty IIOZaHNIT JOKYMEHT PO MOX/IUBICTD
BifikpuTOI my6nikauii MaTepiasiB Ta 3TORY aBTOPiB Ha MOILIMPEHHS IX Yepe3 MepeXXy IHTepHeT, sSIKMit MOKHA 3aBaH-
Ta>XUTU Ha CaliTi )KypHaIy npe.org.ua.

3. Matepiany, 1[0 HaXOAATD IO PeRaKIil A/Is MyOMiKyBaHHS, IPOXOAATh 000BI3KOBE pelleH3yBaHHs. 3ay-
Ba-)KeHHs PelieH3eHTiB HAallPaB/IAI0Tb pO3pOOHMKY MaTepiasiiB 6e3 BKa3iBKM iMeH pelieH3eHTiB. [licisa oTpuMaHHsA
pelieH3iit 1 BijIIOBifi aBTOpa pefakiiiiHa pajja YXBajIIO€ pillleHHs PO MOXK/IMBICTD i MOpsfoK my6mikanii po6orn.
Pepak1iist 3anmmirae 3a co6010 IPaBo BiAXMINTY CTATTIO 6e3 3a3HaYeHHs MPUYNH, IIPY [[bOMY PYKOIUCK He ITOBEP-
TalThCs aBTOpaM. HesHauHi IpaBKM CTU/TICTUYHOTO, HOMEHK/IATYPHOTO Ta GOPMaTbHOTO XapaKTepy BHOCATD JIO
TEKCTY 0e3 y3TOfI>)KEeHHs 3 aBTOPOM.

4. EnexTpoHHa Bepcis cTaTTi HOBMHHA OyTU CTBOPEHA 3a JOIIOMOT0I0 TeKCTOBOTO pefilakTopa Microsoft Word 3
ypaxyBaHHAM TaKMX BUMOT: mIpudT — Times New Roman; kerens — 11 nT; MXXpAKOBNIT iHTepBa — 1; po3cTaHOBKA
HIepEeHOCIB — epeHoCiB HeMae; GOopMaTyBaHHS — IO LIMPYHI; KOMip WIpUTY — YOpHUIL; ab3ariHuit BigcTym — 1,5 cm;
pO3Mipu NOMiB, MM: 371iBa — 24 MM, clipaBa — 16 MM, 3BepXy — 22 MM, 3HU3Y — 28 MM.

Posmip mpudTy HagnuciB Ha pUCYHKax i MANNCIB KO HUX, a TAaKOX i Tabmuub — 10 nT.

5. 3ara/pHuIT 00CAT CTAaTTi pa3oM 3 rpadivHIMY MaTepiasaMi He IIOBMHEH ITepeBUIyBaTy 15 CTOpiHOK ¢popmary A4.

6. Ha tutymni crarti Mae 6yt npencrasneno ii YK.

YkpaiHCBKOIO, POCIJICBKOIO Ta aHITIifICPKOI0 MOBaMM CJTiJi HABECTU:

npi3Buie, iM’s1 Ta IO 6ATHKOBI aBTOPa;

IIOBHY Ha3Ba OpTaHisallii, /je IpalLllo€ aBTOP, i ii MOIITOBY afipecy;

Ha3BY CTaTTi;

aHOTAIIiI0 Ta KJIIOYOBI C/IOBa.

7.Y pasi cniBaBTOpCTBA [JOFATKOBO C/Tij BKAa3aTH MPi3BUILe, iM’s1 Ta 10 6aThKOBI aBTOPA, BiATIOBiaIbHOTO 3a
KOHTaKTyBaHHA 3 pefjaK1i€lo, iforo TeedoH i afpecy eleKTPOHHOI MOLITH.

8. I'padiunmit matepian (¢opHO-6ini) MOAAIOTh OKpeMuUMIU Bif TekcTy daimamu y ¢popmari EPS, TIFF a6o
JPG 3 rycTuHOI0 TOYOK Ha fioiiM He MeH1e 300 dpi. 306pakeHHs moBMHHI 6yTy sikoMora 3posyminimumu. Hassu
Ta IOK/IafHe MOSACHEHHs 3MICTY C/Tifi HABOAWUTY B MiJINCaX IIifi pUCYHKaMM, a He Ha caMMX imocTpaniax. Texcr
He IIOBMHEH IOBTOPIOBATH iH(OpMaIlilo, IpefCTaB/IeHy B PUCYHKAX, BiH Ma€ Ti/IbKN [JaBaTV OCHOBHI BUCHOBKU 3a
HIUMH Ta pe3loMyBaTy iHpopManio. Ko pucyHKN MalOTh Majy Ki/IbKiCTh JaHNUX, iX BApTO 3aMiHUTH ONNCOM Y
TEKCTi. SIKII0 PUCYHOK CK/Tala€ThCA 3 KiNbKOX MifPUCYHKIB (a, 6, B, ...), TO HifiIINC JO pUCYHKA MAa€ MICTUTH OINC
KO>XHOTO 3 IiJJPUCYHKIB.

Odopmnsroun B cTarTi rpadiky, aBTOp Ma€e MepeKOHATHCS, 0 B HUX MiJIMUCaHO BCi 0ci, BKa3aHO BCi OqMHNII
BMMIPY IJ1 BeIM4MH, IiAINCaHO BCi KpMBI i MaCUBM JaHUX.

CxeMU JOIIOMaraloTh BU3HAYMTH K/TIOYOBI IeTaJIi B Ipoljeci, ToMy MaloTh 6y Ty 036aByeHi 3aitBoi indopmaliii.
Odopmnsioun cxemy, IOTPiOHO MifIMCATH BCi K/IIOYOBI €/IeMEeHTH /1 HABECTH JIOAATKOBI ITOSICHEHH B 1i 3aTOTIOBKY
Ta OCHOBHOMY TEKCTi.

9. Tabnmuui HyMepyIOTb MOC/iJOBHO, BiITIOBI/JHO /1O IIEPLIOrO 3rafiyBaHH:A PO HUX y TeKcTi. Ilepen KoXx-HOIO
Tab/M1IeI0 TOBMHHA CTOATH 1i HasBa. Crify posmudpyBaTy BCi HeCTaHAAPTHI abpeBiaTypy y BUHOCKAX, BUKOPUCTO-
BYIOUU TaKy MOC/IiZOBHICTb CUMBOIB: *, **. CIIij] yIIeBHUTHCS, 1[0 KOXKHA TAO/INIISA IPOLMTOBAHA B TEKCTI.
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10. ®opmynu cTBOPOIOTH y popMynbHOMY pegakTopi MathType Equation abo MS Equation Ta HymepyioThb y
KPYI/IMX AY>KKax 3 paBoro 60ky. I'perpki i kupunngxi nirepu B popMynax BapTo HaOMpaTy NIpsAMUM mpudToM
(omIis «TeKCT»), TATMHCBKI — KypcuBoM. [Io3HaueHHS Be/MYNH i CUMBOJIM B TEKCTi i TAOMMIIAX BapTO HAOMpaTH K
e/IeMEHTH TeKCTY (a He sIK 00 €KTV POPMYIBHOTO PeAaKTOpPa).

11. ITocunaHHsA Ha PUCYHOK, Ipadik, cxeMy a60 Tab/muIj0 € 060BSI3KOBUM Y TEKCTi CTAaTTi Ta 3rafiyeThcs 6esmo-
CepefiHbO Iepef; PUCYHKOM, TpadikoM, cxeMoio abo Tabnuiero.

12. CkopoueHHA CJ1iB, CTOBOCIIONyYeHb, Ha3B, TEPMiHIB, 32 BUHATKOM 3ara/IbHONPUITHATUX, MOXK/INBE TiMbKI
Iic/1s IX MOBHOTO MEPIIOro 3rajiyBaHHs B TeKcTi. [lami Take c710BO a60 GOpMYIIOBaHHS C/Tijj BXXMBATH JIMIIE B CKO-
POYEHOMY BUIJIAMI.

13. OgyHnni BUMiploBaHHs MalOTh OYTY BKa3aHi y BIIOBIAHMX METPUYHIX OFVHUIIAX 200 B iX HeCATKOBUX
KPaTHUX OBVHUIAX.

14. Marepianu, sIKi He BiATIOBiZalOTh 3a3HaY€HUM BUMOTaM, PeJJaKIIi€l0 He PO3IIANAI0ThCS.

15. ITy6mikanis € 6e3KoLUITOBHOW. BuiaTa aBTOPCHKOr0 TOHOpPApY He Iepe0adaeThesl.

CrpyKrypa Ta 3MicT cTarTi

Crarts noBrHHa 6y Ty o6y0BaHa 3a TPAAMULIIHIM JI/1s CBITOBOI HAyKOBOI IIEPiOAVIKY IIJTAHOM: CTPYKTYpOBaHa
3a po3fimaMM Ta 3aBepUIYBATICS KOHKPETHMMI BUCHOBKAMM, B SIKUX y JIAKOHIUHiN (OopMi BUK/TaleHO pe3yIbTaTu
po6oTH Ta mpomnosuIii aBTopa, 10 BUIIINBAIOTH i3 BUK/IaJEeHOTO MaTepiay.

Haspa craTTi noBrHHa Bifo6pakaTyt OCHOBHY ifie10 JOCTiI)KeHH; aKIIeHTYBaTy Ha Ba>K/IMBOCTI JOC/TIKeHH;
Oy Ty TaKOHIYHOIO; 3a11iKaB/IIOBATY YNTAYIB.

IIpizBuima aBTOPiB aHITIIICHKOI0 MOBOIO IOAAIOTHCSA BiATIOBIJHO 10 MPUITHATOI MI>KHAPOLHOL CUCTeMU TPAHC/TI-
Tepalii (3 ykpaiHcpkoi — BifnosifHo o [Toctanosu Kabinery MinicTpiB Yxpainu Ne 55 Big 27.01.2010 «ITpo Bropsii-
KyBaHHA TPaHC/IiTepanii ykpaiHChKOro andaBiTy TaTHHULEIO», 3 POCiTICbKOI — BioBigHO Ko «CuCTeMBbI TPaHC/IN-
tepanyy bubnuorexnu konrpecca CIIIA»). HaBeeHHs mpi3BuIIa y pisHIX CHCTeMaX TpaHC/IiTepalil IpU3BOAUTD 10
ny6moBaHHsA MpodiiB (ifeHTNdikaTopiB) aBTOpa B 6a3i faHMX (IPOdiNb CTBOPIOETHCA ABTOMAaTUYHO B pasi 36iry
JIOT0 JaHMX IO ABOX MyOTiKaLisax).

AHoTanis - 1e cTucta iHgopmanis mpo 3MicT crarti. baraTo unTauiB 3HaIOMUTUMYTbCA TibKY 3 AaHOTAL[iI0
CTaTTi, TOMYy BOHa Ma€ OyTu 3po3yMinoio Ta iHGOpMaTUBHOIO 32 YMOBHU ONyO/IiKyBaHH if OKpeMo Bif ctarTi. BoHa
He Ma€ TIOBTOPIOBATU BiJOMOCTI, IO MIiCTATbCA B 3aTOJIOBKY.

AHorauis yKpaiHCBKOIO Ta POCificbKOI0 MOBaMu Mae 6y Ty po3MipoM mpu6ansuo 1000 sHakis. OcKinbky €fHUM
IKepenoM iHpopMariii of0 3MICTy CTaTTi A/ IHO3eMHMX CIel[ia/liCTiB € aHOTal|isl AHITTIICPKOI0 MOBOIO, BOHA MA€
OyTu 6inpluoo 3a 06carom (He MeHe 1800 3HaKiB), O6i/IbII CTPYKTYPOBAHOIO Ta He Ma€ Oy Ty IepeK/IafHIM BapiaH-
TOM aHOTalii yKpaiHCbKOI a60 pociiicbkoo. ONTUMaNbHUM /IS TAaKOI aHOTALil € CTPYKTYPyBaHH:A BifNOBifHO
JI0 OCHOBHUX €/IeMEHTiB caMoi CTaTTi (aKTya/lbHICTh, MaTepianu Ta METOAM, BUCHOBKY To10). Bona Mae 6yTu iH-
¢dbopmaTIBHOIO (1036aB/IEHOIO 3aTa/IbHUX C/TiB), 3MICTOBHOIO (BifoOpaXkaTy OCHOBHUII 3MICT CTAaTTi Ta pe3y/IbTaTiB
MOCTi/KEeHD) 1 MICTUTH TepMiHOIOTiI0, XapaKTepHY [/ iIHO3eMHNX CIIellia/IbHUX TeKCTiB. HenpuitHATHNM € Hepe-
JaroBaHUI aBTOMATUYHUI IIepeK/Ia], 3a JOIIOMOTOI0 OH/IAlH-CePBICiB.

Knro4oBi cmoBa BUKOPUCTOBYIOTbCS /151 iHAEKCYBaHHS POOOTHU B eIeKTPOHHMX CHCTeMaX Ta Mepexi [H-
TepHeT. UM Kpaie OyayTh mifibpaHi KI10490Bi c10Ba O po60TH, TUM Oijbllle TI0feil 3MOXKYTh 11 3HaITH, 3Milic-
HIOIOUY TIOIIYK 3a TAKMMM CAMMMM KJII040BUMU clnoBaMu. Lle 36i/bINTh YNTAHICTD CTATTi, @ OTXKe, MiBUIINUTD
JIMOBipHicTb i1 nuTyBaHHA. K/Ilo4oBi c/10Ba MOBMHHI Bigo6paskaTu 3MicT cTaTTi Ta 6YTH KOHKPETHUMM Y CBOIN
INpegMeTHII ramysi.

Crpykrypa cTarTi epegbavae Taki OCHOBHI pospinu:

BCTYII;

CTaH Npo6/IeMM Ta aHAJIi3 JiTepaTypHUX JaHNX;

IIOCTAaHOBKA 3aBIaHb JOCITiI>KEHH ;

MaTepianu JOCifKeHH 1, eKCTIepMMeHTaIbHa YacTHa;

iHTepIpeTaris pe3y/nbTaTiB Ta ix anpobaris;

BJMCHOBKI.
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Bcryn mMae Hajaty uynTadeBi iHpopMaliiio (30KpeMa OBIIKOBOIO XapaKTepy), HeOOXiTHY AJIA TOTO, 1106 3po-
3YMiTH, fIK€ IUTAaHHSA BUBYAJIOCS, a TAKOXX IIPUYNHY, 3 AKUX aBTOP NMPOBOIUTD JOCTiIKEHHA. Y BCTYIi CTUCTIO
noTpi6HO BifOOPasUTH MepeyMOBH 1O IPOBEeHHs NOCTIKeHH: IOfATY 3arajibHe PO3yMiHHs POo6IeMI, SIKy
aBTOp HOPYIINUB, /I apr'yMEHTOBAHO OOI PYHTYBATH aKTyaIbHICTb HOCTi/IKEHH, ONMCATH IPO6/IeMy Ta TEMATHUKY, a
TaKO>X HaBECT!U aKTya/IbHi 3HAHHS, IIOBI3aHi 3 POSI/IAHYTUMIU HAyKOBO-OCTIAHUI[bKUMY 3aBIaHHAMN.

CraH npo6/1eMu Ta aHaji3 TiTepaTypHNUX JAHMUX Ja€ 3MOTY BUABUTH «HIllly», ie aBTOPY IIPOBOAATH HAYKOBi
mocnimKeHHs. Po3ain muuryTh Ha OCHOBI Ty6/tiKaliil mepiofMYHNX HAYKOBUX BUAAHD (KHUTY, Hi[PYYHUKY, MOHO-
rpadii, craHAapTH, 3BITH B0 TaKVUX He Hasexatp). Or/Isy nepiofuKu 3 mpo61eMi, 10 HOCTiIKY€EThCS aBTOPOM, MA€
OXOIITIOBATH JiXKeperna He Oinbire 10-pignoi gaBHOCTI (y ramysi IT-rexHomoriit — 5-piunoi faBHOCTI). O60B’I3KOBUM
€ OI/IAA], 3aKOPHAOHHMX HayKOBMX IepiofMYHMX BUAIaHb. Lleil po3[in € OfHMM i3 HaliBa>K/IMBilINX, OCKi/IBKM 3 HBOTO
BUIUIMBAE, HACKI/IbKM aBTOP 0COOMCTO pO3yMi€ CTaH MpobreMy, sIKy 6epeTbcsl JOCTiKYBaTH.

Y niTepaTypHOMY OITIAZI BUCBIT/IIOIOTH He BUPilleH] iHIIMMY BUSHMMY YaCTUHM TPOOIeMH, SIKi HOCTIIKYE aB-
TOP; BUK/IAJAI0Th IPMYVMHY IJbOTO JOCTiI>KEHH; YiTKO BUSHAYAIOTb IIi/Ii JOCTi/I>)KEHH, AKi IOBUHHI y3TOfI>)KYBaTNCs
3 IHIIIOI0 YaCTMHOIO PYKOIINCY; HABOJATD IIOCUIAHHSA Ha Ba)KI/IMBI JKepea, AKi Jal0Th 3MOTY NOBHiIlle PO3KPUTH CYTh
po6otu. IIpaBuabHO mifibpaHuit miTepaTypHuUil orsAj epefgdadae UUTYBaHHSA aBTOPOM HailOi/IbIIl pe/leBaHTHNUX
pe3yIbTaTiB MONepeHiX JOCTi/IKEeHb 1 TOACHEHH A TOTO, HACKi/IbKY BOHU CHiBBiZTHOCATBCSA 3 HOTOYHUM JOCTiI>KEH-
HAM; OCW/IAHHA Ha JOCTIJP)KeHHA Pi3HUX JOCTiZHULIBKNX IPYIL; IOCU/IAHHA Ha OPUTiHAJIbHI JOCTiI KEHH, a He Ha
BE/IMKY KiZIbKIiCTh OITIA/IOBMX CTaTell; MaKCYMaIbHa KOPYUCTD IIUTAT /I YMTada (YMTadeBi He I[ikaBo, KOIU aBTOP
MOCU/IAETHCS Ha BE/IVKY Ki/IbKICTDb CBOIX poOiT a60 Ha iHIIi po6OTH [/ TOTO, 1100 ITOKa3aTy INTMOMHY CBOIX 3HAHD);
IOCUJIAHHS Ha Pe3y/IbTaTH IHIINX JOCTi/KeHb, AKi ab0 cynepedaTb OTPMMAaHNM aBTOPOM pe3y/IbTaTaM (SKIIO Taki
€), b0 MATBEPIAKYIOTH iX.

II>xeperna B TeKCTi CTATTi MOBMHHI OyTH BiICOPTOBaHI 3a IIOPAAKOM 3TajflyBaHHS.

Marepianyu gocmif;KeHH A, eKCepUMMeHTaTbHa YaCTUHA € PO3/iloMm, 3i 3MicTy AKOro Mae 6yTy 3po3yMino, AKx
OTPMMAaHO BCi pe3ynbraTu. BapTo onmcary cucreMy focmigkeHHs (METOM, METOAMKY TOIIo). MeTonu, sKi BUKOpU-
CTOBYBa/IM A1 0OpOOKM JaHMX, MAIOTh Oy T OOIPYHTOBaHI (CIMpATUCA Ha CTATUCTUKY). Pe3yIbTaty BOCTimKeHHA
MalTh OYTU YiTKO BU3HAUEHi, a MiZICYMKOBI pe3y/IbTaTi — 00’ €KTUBHO MiATBepiKeH] (HapuKIaf, pe3ynibTaTaMu
MaTeMaTMYHOT0, CTATUCTUYHOTO, iMITallifTHOTO MOJIe/TIOBAaHH A, HATY PHUMM eKCIIepUMeHTaMy, GyHIaMeHTaTbHUMUI
MIO/IOKEHHAMM HayKOBMX AVCUMIUIIH Y BiTIOBi/IHii TpeaMeTHill ramysi).

InTepnperanis pesynbraris Ta ix anmpo6amnis nepeg6avae NpUKIagy MIPAKTUYHNX pillleHb (pe3yIbTaT 4u-
CebHMX eKCIIePUMEHTIB, rpadiki, AiarpaMu TOII0) Ha OCHOBI OTPMMAHNX aBTOPOM HayKOBMX pe3ynbraTis. [Ipu-
KJIaJ/ JAIOTh 3MOT'Y OLJiHMTH a[IeKBaTHICTh 3aIIPOIIOHOBAaHMX TEOPETUYHMX PillleHb Ta IX TPaKTUIHY 3HAYUMICTb.
[ToTpi6HO BKasaTu, B yMOBaX IKOTO BUPOOHMIITBA Oy/IM BIPOBaKeHi 400 MOXYTb OYTY BIPOBAa/I>)KeHi pe3y/bTa-
TU JOCITiI>KeHb.

BucHoBKM BifoOpa’kaloTh, HACKI/IbKM MaTepian JOCTIKeHHs BiANOBifja€ itoro uinsam, chopMyIbOBaHUM Y
BCTyIi. BapTo 03HaunTH, 4 iCHYIOTh a/IbTEPHATUBHI iHTEpIIpeTallil OTpMMaHUX Pe3y/IbTaTiB Ta IOPiBHATH OTPU-
MaHi pe3y/IbTaTy 3 Pe3yIbTaTaMy iHIINX JOCTiIKEHb.

JlopeyHO BKa3aTy, IK pe3y/IbTaTy HAyKOBOI PO3BiIKM MOXKYTb BIUIMHYTM Ha Maii0yTHI HOCTiI>KeHHs, UM € B
HoCIimKeHHI oOMexeHHs1. [lepeBipTe BiANOBIAHICTh ONMMCAHUX BUCHOBKIB OTPMMAaHUM JAaHVUM.

Cricok BUKOPHUCTAHOI TiTepaTypu

Bci nuraru, MeTonu, Mofeni, pUCYHKM, TaOINIII TOILO, 3a1I031MYeH] 3 IHIINX POOIT, 060BA3KOBO CYIPOBOLXKY-
I0TbCA TOCUIAHHAM Ha IEPUIOIKePero.

ITocumaHHA Ha CIKCOK JIiTepaTypy MOBUHHI OyTV IPOHYMepOBaHi NOCIiOBHO BiIIOBIAHO [0 iX MOPAAKY Y
TeKcTi. OCKI/IbKY TOCU/TAHHA BifjirpaloTh Ba)XK/IMBY POJIb Y 6araTboxX poO3iiNax CTaTTi, He3JaTHICTb HABECTMU JOCTATHIO
Ki/IbKiCTb ITOCM/TaHb Ha iHIIi pO6OTM MOXKe 3MEHIINTI MAHCK /IS CTAaTTi Oy Ty omy6ikoBaHoo. Ko)kHa KoHcTaranis
(bakTy 4M Omc NonepenHiX BUCHOBKIB Ma€ CyIIPOBOKYBATICSA IIOCH/IAHHAM Ha MTePLIOJKePerIo.

[TpaBuIbHE ONMCaHHA JiKepeJl, Ha AKi TOCUTIAI0ThCS aBTOPH, € 3aIIOPYKOIO TOTO, 1[0 IIMTOBaHy My6iKario
OyZie BpaXOBaHO B IIPOIeCi OLiHIOBAHHSI HaYKOBOI AisANMBbHOCTI 11 aBTOPIB, a OTXe, if OpraHisauii, periony, kpainu. 3a
LMTYBaHHAM >XyPHa/ly BUSHA4Ya€ThCA I0r0 HAyKOBUIL PiB€Hb, aBTOPUTETHICTD TOLIO.

3 MeTOI0 BK/IIOUEHHs )XYPHAIY B0 MD>XHAPOZHMX 6a3 JaHUX Y CTATTAX BUAAHHS IOTPIOHO BUKOPUCTOBYBATHU
BifIMOBiHI CTaHAAPTM NOJAHHA NPUCTATEHNX CIUCKIB JIiTepaTypu.
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Bumoru 10 opopMIeHH HayKOBUX CTaTeill

ITicns crarTi Mae 6yTV po3MillleHO ABa CIIMCKI:

1) Cricox BUKOPUCTAHOI IiTepaTypu — iXKepesia MOBOIO OpUTiHaIy, opOpMIIeHi BiJIIOBITHO JO BUMOT YKpaiH-
cbKoro craugapty 6idniorpadiunoro onucy JCTY I'OCT 7.1:2006 «bi6bmiorpadiunnii samuc. bibmiorpaditumnii omuc.
3aranbHi BUMOTY Ta IPaBU/Ia CKIalaHH Y.

2) References — Toit caMuit CITUCOK JTiTepaTypi, fie YKpaiHChKi Ta pOCiViChbKi [pKeperia TPaHCTiTepOBaHi B IATUHCHKOMY
andasiTi Ta MofaHi 3a JOIOMOroX0 Mi>KHAPOAHOI CUCTeMM 3aIcy nocwtaHHA American Psychological Association (APA).

Odopmnenn: 6i6niorpadivnoro cnmcky «Cnncok BUKOPUCTaHOTL TIiTepaTypu»

1. OCHOBHMM HOPMaTHBHIM JOKYMEHTOM A1 odpopmaeHH:A cincky nitepatypu € ICTY TOCT 7.1:2006 «bi6mio-
rpadiunni sammc. bibniorpadiunnit onmc. 3araabHi BUMOTHK Ta IpaBUIa CKIaJaHH».

2. BibmiorpacdiuHnit Omuc CKIafaloTh 3a TAKOK 3aranbHO HopMoIo:

ABropu. OcHoBHa Ha3Ba [3aranbHe Mo3HavYeHHs MaTepiany| = IlapanenpHa Ha3Ba : BigoMocTi, mo crocy-
IOTbCA Ha3BU / TIepIli BiTOMOCTi Ipo BiANOBiKaAbHICTD ; BiOMOCTi PO iHINX 0Ci6 41 yCTaHOBH, AKi HECYTh
iHTe/leKTya/IbHY BilIOBila/IbHICTD 32 BUAAHHA. — BiToMoCTi Ipo MOBTOPHICTh BUAAHHA / BignosiganbHicTh 3a
MOBTOPHE BUjaHHs. — 30Ha cnenndivHux BizomocTeit. — Miciie Buianus : BugaBHUITBO, piK. — ®isnyHa (kinbkicHa)
xapakTepucruka. — (Cepis. Iligcepis ; Ne, 1.). — Ilpumirkn. — CraHfapTHMIT HOMEP Ta YMOBU JOCTYITHOCTI.

Enementy, BufineHi >KupHuM mpudroM, € GakynbTaTUBHUMUA.

3. Bibniorpadiuanit OIMc KOXXHOTO OKPEMOTo JOKYMEHTa CKIaa€ThCs Ha MOBI I[bOT0 TOKYMEHTA.

4. JI)xepena y CIMCKY BapTO pO3MilllyBaTy MOC/IiZOBHO BiiTIOBIJHO [0 IX NOPAJKY Y TEKCTI.

Odopmrenns ciucky nireparypu «References»

1. Cnincok mireparypu («References») mst Scopus ta iHumx 3apy6i>xxunx 6a3 gannx (BJI) Heo6xifHO HaBOAUTHU
OKpeMUM 6710KOM, IOBTOPIOI0UM CIIMCOK, HaTaHNIT yKPaIHChKOI/POCiNICBKOI0 MOBOIO, HE3aJIEXKHO BifI TOTO, € B HbOMY
iHO3eMHI I>XXepesia U/ HeMaE.

2. 3a 0CHOBY ITOOYOBM TOCH/IAHHA B CIIVCKY JTTEPATypy JIATVHNULIEIO B Ky pHAJI «SIjepHa eHepreTyka Ta JOBKIIA» B3ATO
npuHImm popMyBaHHs 6ibmiorpadiunyx nocwtanb American Psychological Association (APA). Bibmiorpaciusi nocumanHs
JIATVHULIEIO IS )KYPHA/TY CTBOPIOIOTD 3a IIPVHIUIIOM, 1110 IACTh 3MOTY 3apyODKHIM HayKOMETPUYHIM 6a3aM y HalyIer it
croci6 ¢ikcyBaTy JaHi Ipo eeMeHTH KOXKHOTO IIOCYIAHHs Ta 3a06e3MeunTy KOPeKTHI MOKAa3HMKM IX [IMTOBAHOCTI.

3. B onuc cTarTi HEOOXiTHO BHOCUTM BCiX aBTOPiB, HE CKOPOUYIOUN HEPETIiK O TPHOX, SAK Ije PEKOMEHIOBAHO
YMHHYMMH B YKpaiHi lep>KaBHUMU CTaHJJapTaMU.

4.V Bunazkax opopMIeHH: YKpaiHO- 260 pOCiiicbKOMOBHOTO JI>KepeJIa iHII0K0 MOBOIO ITiC/Is1 3aTOI0OBKa 1 Bifj0-
MOCTeI! IIPO BUJJaHHA, TPAHC/TITEPOBAHUX TATMHNIIEIO, B [KBaJpaTHNX Jy>KKaX] BKa3yeTbCs Mepek/Iafl yKpaiHChKOTO
(pocificbkoro) 3aroJIoBKa pa3oM 3 BiJOMOCTAMU IIPO BU/IAHHSA Ha aHIIICBKY MOBY.

5. [lns TpaHCIiTepyBaHHA IPi3BUIL aBTOPiB, Ha3B CTaTel, KHMKOK, BUIaBHULITB TOLO BApTO KOPUCTYBaTUCA
OHJIaliH-KOHBepTepaMy OKpeMo A yKpaincbkomo (http:/translit.kh.ua/?passport) ta pociitcbkoi (http://ru.translit.
net/?account=bgn) M0B, TOCH/IaHHA Ha AKi MofaHi HyDK4e. Taknit migxiy mo3BonuTh yHipiKyBaTH JaHi A4 Mi>kHa-
ponHux 6a3, aJ>ke pi3Hi cUCTeMU TpaHCTiTepallii CIPUATUMYTb CTBOPEHHIO PI3HUX pe3y/IbTaTiB.

6. 114 yKpalHOMOBHMX i pOCifiICbKOMOBHMX CTaTell, IKi BUKOPUCTOBYIOTb 3 )KYPHaJliB, PEKOMEH/IYEMO TaKMIi
BapiaHT cTpyKTypu 6i6miorpadiunux nocunanb B References:

I1Ib aBTOpiB (TpaHCHiTEpaLif);

PiK BUFAHHA B TyXKKaX;

Ha3Ba CTATTiy BapiaHTi, 110 TPaHCIITepPYEThCA, i epek/Iaji Ha3BM CTATTi aHIIiICHKOIO MOBOIO B KBAJIPATHVX Iy XKKaxX [ |;

Ha3Ba JiKepena (TpaHCIiTepalis) i mepekia Ha3BU XKepesa aHITiICBKOI0 MOBOIO | J;

BUXITHI JJaHi 3 TO3HAYeHHAMM aHI/IiJICbKOIO MOBOIO.

no3HaueHH: MoByu opurinainy (in Russ., in Ukr.).

Binbe indopmanii Ta mpuxmagu opopmnenns References o mitepaTypHux mxepern pisHUX TUIIIB JUBITbCSA
Ha CaliTi XXypHajy npe.org.ua B pospini «Bumorn o crareii».
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