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AKTUBHICTb i 3aTMIIKOBE €HEPrOBUiTeHHA ANECPHOTO MA/INBA

IIiJf YacC eKCITyaTaly

i1i 30epiranus

Kntrouosi cnosa:

BifIpanboBaHe sfiepHe MaINBa,
MIMTOMA aKTUBHICTD A/IEPHOTO
MajnBa,

3a/IMILIKOBE €HEPrOBUJIIEHHS,
TEIUTOBMAIIbHA 36ipKa,
BBEP-1000,

cxosuie BATII cyxoro Tumy,
cxosuie BAII mokporo Tumy,
nporpamunit kog SCALE

ITpencrasieHo 3aranbHy iHpOpMAaLi0 PO 06CIIM HAKOMMYEHOTO BiIIPAI{bOBAHOTO sEp-
Horo mamyBa (BAII) ma AEC y ciTi. [IpoBeneno anani3 temmnis HakommdenHa BAIL, 3po-
671eHO TIPOTHO3M M[OK0 HaKomIeHHs: BATI y CBIiTi 71 B YKpaiHi Ha HaMb/IVOK e [eCATUPITISL
Hagepeno indopmarito mono texxonoriit nopomkeHHs 3 BAIL, a takox mesiki xapakTe-
puctuku cucreM 36epiranua BAII moxporo it cyxoro tumis. Papianiitni xapakTepucTuku
BAIl — akTuBHICTD i 3a/MMIIKOBE €HEPTOBUJIUIEHHS AEPHOTrO NaIMBa — 3HAYHOKI MipOI0
BUM3HAYAIOTD K MOXJIMBUIL Iepebir aBapiifHux CueHapiiB, Tak i MOX/IuBI pafiauiiHi Ha-
CIiJKM aBapill Ha AlEPHMUX YCTaHOBKAaX. Y CTATTi IIPEICTAB/IEHO PE3Y/IbTaT! aHATiTUIHOTO
MopienoBaHHA y mporpaMHoMy Kofi SCALE 3MiHM aKTMBHOCTI 11 3aMIIKOBOIO €HEPTOBI-
minennst sigepHoro mannsa BBEP-1000 mic/st nepiony exciuryararii TemmoByainbHol 36ipkn
(TB3) B aktuHiit 3081 BBEP-1000. I MmopenroBants o6pano momens TB3 BBEP-1000 3i
36aradeHHsM 4,4 %, sIKa BYIKOPUCTOBYETbCS B PEXXIMMI CTALlIOHAPHIIX TTePEBAHTAXKEHb ITa/IV-
Ba. [IpoBeneHo NOPiBHAHHA PE3y/bTaTiB MOJENTIOBAHHA 3 JAHNMM, HABEIEHVMM Y BiJITIOBiI-
HUX JIOBIJHMKAX LIOfI0 3MiHM pajialliliHMX XapaKTepUCTUK AMIEPHOrO IajIMBa Iifi 4ac 110ro
excruryaranii B BBEP-1000. ITpencrasieno pesynbTaTyi HOPiBHAHHA pajialifiHNX XapaKTe-
puctux TB3 BBEP-1000 3 onHaKOBMM BUTOPSIHHSM, aJIe 3 Pi3HIM rpadikoM HaBaHTa)KeHHs
TB3 B ocTaHHil pik eKCIITyaTamii 4711 Y0TMPbOXPivHOI MamMBHOI KammaHii. IIpogemoncTpO-
BAHO CYTTEBUII BIUIMB Ha pajiiallifiHi XapaKTepUCTUKM (aKTUBHICTD i 3a/IMIIKOBEe €Hepro-
BUJIi/IEHHA) caMe PeXXMMY HaBaHTaXeHH:A TB3. PesymbTaTy Mofie/moBaHHA IIOKa3yIOTh, 1110
IMTOMa AKTUBHICTb, a BIifTIOBIHO Ji 3arajibHa aKTUBHICTDb ANEPHOrO NajMBa B aKTUBHI
soni BBEP-1000, mici ~1 poKy BUMYIIEHOTO IPOCTOI0 eHepro6nokis 3amopisbkoi AEC
smeHnmIacA B ~100 pasis. Tomy MoxxuBi pagianilfiHi HACTIAKM B Pa3i IOMIKOMKEHHA AAep-
HOTO ITa/IMBA, IO 3HAXOJUTHCS B AKTMBHMX 30HaX a00 BMBAHTAXXEHO B GACEIHI BUTPIUMKIL,
OynyTh 3HAYHO MEHIINMI, HDK Y pasi aBapil Ha IparordoMy peaktopi. Te came cTOCyeThCsE
11 TOpiBHAHD HAC/AKIB MO>K/MBOI aBapii Ha amopisbkiit AEC i3 Hacmigkamy aBapii Ha Yop-
HoOmIbehKilt AEC y 1986 p., sika BigOy/acst Ha IIPALIOI0MOMY PEaKTOpi 3 BUKIOM Ha30BHI,
LloHaiiMeH1Ie ~3-5 % sAjepHOro MaanBa.

Beryn

(BcTaHoBNeHa nOTy>XHicTh 370 I'BT), y mpoueci 6yxis-
HUITBA — 58 AflepHUX peaKTOpiB (BCTAHOBJIEHA OTY K-

CranoMm Ha XoBTeHb 2023 p. y cBiTi B ekcrryata-  HicTh 60 I'BT), y cTani synuHy i BuBefleHHA 3 eKCITyaTa-
1ii mepebyBae 412 AgepHUX eHEPreTUYHUX peakTopiB  1ii — 209 AfepHNUX peaKTOpiB (BCTAHOB/IEHA IOTYXXHICTD
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105 I'BT); Takox B ekcrtyaTanii nepebysae 220 gocmif-
HULBKUX peaKkTopis [1].

3arajpHa 4acTKa e/IeKTPOEHeprii, 1110 B1pobieHa Ha
AEC, cTranoBuTb ~9,6 % Bij| 3ara/IbHOTO €1EKTPOBUPOO-
HULTBA Y CBiTi, siKe B 2021 p. ckmamo 2653 mipg KBT - rop,.
Ha cy4acHOMYy eTami po3BUTKY €HEpreTMKU SfiepHa re-
Hepania BTpadae cBoi nosutil. Tak, Hanpuxiag, y 1996 p.
JacTKa eleKTpoeHepril, mo BupobneHa Ha AEC, craHo-
Bua 17,5% (1ie MakcMMyM 3a Bechb 4ac), B abGCOMIOTHNX
opmHMIIX — 2 250 Mapp KBT - rofi, a MakcuMyM BUPO6-
HMITBA enekTpoeHeprii Ha AEC B aGCOMIOTHMX OVIHULIAX
2 660 mipg kBT - rop 6ynmo gocarayro y 2006 p. Takum
YMHOM, 33 OCTaHHi JilecATUPIYYA AJlepHA eHepreTUKa 3aii-
Ma€ 3HaYHY YaCTKy Ha pUHKY €lIeKTPOEHEepTii, HalpuKiaf,
B €Bpocor03i ~25 % (y Ppannii — 68 %), y CIIA — 19 %,
B Ykpaini — 50% [1].

Temmnu 3pocTaHHA AXEPHOI eHEPreTUKN Y CBiTi MOITIN
OyTu GIIBLIMMY TIiJ] Yac peastisaril IpUITHATHOI 3a eKO-
JIOTIYHVMM MOKa3HMKaMM TeXHOJIOTii ITOBO>KeHHA 3 Bif-
mpanboBaHMM sfiepHuM nanusoM (BSII). Y npoueci ekc-
IUTyaTallil AepHOro al1KBa B AEPHOMY €HEPTETUYHOMY
peaKTopi B pasi 3aKiHYeHH:A BCTAHOBJIEHOTO TEPMiHY €K-
CIUTyaTanii i JOCATHEHHA IPOEKTHOTO BUTOPSHHS sIfiepHe
nanuBo orpumye cratyc BAII i cnpamoByeTbcsa Ha TUM-
JacoBe 30epiraHHsA y IpUpeakTOPHMX OacelTHaX BUTPUM-
ku BAIT. Came nomanbiire noBomkenHs 3 BAII € moku mo
HayKOBO-TEXHIYHOI0 IIP06/IeMOI0 i 11ie oTpebye po3podKu
Ta BIIPOBA/>)KEHHS ONTYMAJIbHYX PillleHb.

IcHye mBa migxomm [0 BMUpilleHHA IMpoOIeMy MO-
BofKeHHA 3 BAIl — 1ie BigkpuTuii i 3axpuTuit naanBHi

IMKAN. Y BiiKpuTomy nanvsHoMy nukii BAII mignarae
3aXOPOHEHHIO B T€0/IOTiYHOMY CXOBUIL, 3 B 3aKPUTOMY
IIa/IMBHOMY LIUKJIi TepefbadaeTbes nepepoodka BATI s
MIOBEpHEHHA B Na/IMBHUI IMK/ HeBUKopucTaHoro y BAII
ypaHy Ta HallpallbOBaHOTO IUTyTOHi0. Y BiTKpUTOMY Ta
3aKpUTOMY IaJIMBHYUX LMK/IAX BOHO JIESIKMIT 4ac 36epi-
raeTbcsa y cxopumax BAIL

BinblricTe KpaiH 06paty TeXHOOTII0 BiIKpUTOTO
MaZIMBHOTO LUKY. [Jo TaKMX KpaiH MO>XHa BifjHeCTH i
KpaiHy, siki oOpanu Tak 3BaHe «Bifik/afieHe PillleHHsI».
TexHoOMOrisA 3aKPUTOTO MAJIMBHOTO LUKy YaCTKOBO pe-
amisyerbca y @pannii, AHrmii, Anonii, PO, Inpaii.

Cranom Ha 2023 p. y cxoumax BAIT na tumyacoso-
My 30epiranHi sHaX0AMIOCH [2] ~320 THC. TOH Ba>KKOTO
Mmetany (BM), mo cranoButb ~70 % Bif ycboro obcAry
BAIL; ~110 tuc. Ton BM 6yo nepepo6ieHo, 110 CTaHO-
BuTH ~30 % Bif ycporo o6¢cary BAIT (puc. 1).

Temn maxkonuvenns BAIl y 2022 p. cknapas
~9 tuc. tBM/pik. Y Tabn. 1 HaBemeHo inbopmanio mogo
TemmiB HakonudeHHA BAII sa xpainamu.

Y cxosumax BAII mokporo tumy 36epiraerbes 65 %
ycboro BAII, 35 % — y cxoBuIIax CyXoro TUILY.

Ha maitnanankax AEC s6epiraersces 47 % BAIL, 53 %
36epiraerbcs 3a Mexxamu AEC Ha IpoMi>KHMX ab0 1IeH-
TpanisoBaHux cxosumax BAIL

Texunomorii moBomxenns: 3 BSII

Ilns 36epiranns BAIl y npupeakTopHux 6aceitHax
y CYy4aCHMX IPO€EKTAX SIIEPHUX eHEPreTUYHNUX YCTaHO-

600
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500
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s 400 p
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=
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2300
=
=
=
a 200
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=
S 100 I I
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Puc. 1. 3mina B yaci o6caris BAII, mo HanpaiboBaHo, lepepo6IeHo i 3HaX0AUTbcA Ha 30epiranHi y cxopuirax BAII
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AKTUBHICTb i 3a/IMIIIKOBE €HEPrOBU/IiIEHH I AEPHOTO Ma/INBA IIif] Yac eKCInyaTtariii i 36epiranus

Ta6muus 1. Cepegupopivyna mBuaKictp HakonnyeHus BAII i kinbkictp Hakonmudenoro BAIL,

110 3HAXOQUTHCA B Pi3HUX KpaTHax Ha 30epiranHi y cxoBumax [2]

Kpaina CepenHabopivHa mBUAKicTh HakonmdeHHA BAIT, TBM/pik KinpkicTs HaKomraeHoro BAII, TBM
CIIA 2500 90000
Kanapma 1350 62600
Kurait 1220 11900
PO 1200 30800
ITiBgenna Kopes 700 19600
Benukobpuranis 330 7000
SAnonis 280 19500
Icnania 250 5900
Yxpaina 245 5300
Opannia 200 14600

BoK (SIEY) mepenbadeni 6inbir micTki 6aceitHn 36epi-
ranHs (cxoBuiia), B sskux BT moxke 36epiratucs no 40
pokiB. [Tonepenui mpoextu SIEY 6ynu ocHaueHi 6aceii-
Hamu Butpumku (bB), Axi pospaxoBani Ha 5-10 pokiB
36epiranns BAIL mo € HefocTaTHIM y 3B’3KY C BUCOKM-
MU 3HAYeHHAMM BUTOPSHHS IIa/INBA. 32 BUCOK/X 3HAUCHD
BUTOPsIHHA sAfepHoro nanusa (6inbure 50 MBT - n/xrU)
HeoOximHe 6inbin oBroTpuBae 36epiranus TB3 came
B 0aceifHaX MOKPOTO THITY [/IA 3MEHIIEHH ITOTY>KHOCTI
3aTMIIKOBOTO €HEPTOBUIiNIEHHS O 3HA4Y€Hb, 3a AKUX €
MoXBuM 36epirannsa BAII y cxoBumax cyxoro tumy,
AKI € 61/IbII €EKOHOMIYHMMIL 1 HAIITHUMMA.

TexHnomnorii Mokporo i cyxoro s6epiranus BAII mo-
BJHHI 3aJJOBO/IBHATU HU3KY B/MOT:

CYKYIHICTb TennoBUAIMbHYUX 36ipok (TB3) nosuuHa
HMiJTPUMYBATUCA B KOHTPOIbOBAHOMY CTaHi;

cucreMa oxonopyxkeHH:A BAII moBuHHa rapaHTyBaTH,
110 He OyZie MOPYLIEHO MeXi TeMIOBUX OOMeXeHb, SKi
moru 6 mpusBecTu 1o Aerpaganii BAIT

nigkputnuHicte BSIl mae 3abesmedyBaTuch sk
y HOpMaJIbHHUX, TaK i B aBapiliHMX yMOBaX;

pajioNoriyHMIT 3aXMCT MOBMHEH 3abe3ledyBaTy
OesmeKy MepcoHay, HaceJIeHHs Ta HABKOJIMIIIHBOTO Ce-
penoBmia;

HeoOXiJHO mepei0aunTy MOXX/INBICTh BUKOHAHHS
TEeXHOJIOTIYHMX Ollepalliil 3 moBomxeHH: 3 BAIL

IlosuTMBHMIT JOCBiL €KCIITyaTallii IpUpeaKTOPHUX
OaceitHiB-CXOBMII] JO3BOJISAE CTBEPIKYBATH, 1IJ0 3aCTOCY-
BaHHA 000JIOHOK TBEJIiB i3 IIVIPKOHIEBOTO CITaBY MOXe
3abesneunty 36epiranua BAII y Takux ymMoBax He MeH-
e 50 pokiB. MOHITOPMHT Ta 06CTyrOByBaHH:, BUKOPH-
CTaHHS 0COOMBOCTEI XIMIYHMX IIpOLieciB, 1110 BifOyBa-
I0TbCS Y BOJI, 3a1106irafoTh ierpajjanii naamsa B yMoBax

Takoro 36epiranHs. [JocBij ekcIiTyarauii npupeakTOpHUX
GaceilHiB-CXOBMUII] CTaB OCHOBOIO [I/IsI CTBOPEHHSI CIIeLiaTi-
30BaHMX «MOKPUX» NosapeakTopHux cxosuiy BAIL, mpu-
kazioM sikoro € CBAII-1 Ha YopHobuabcepkiit AEC.

Cxosuuia BSII Mokporo Tuiy Hamexarb 50 060X
TUIIiB CXOBUIL: IPMPEAKTOPHNUX Ta 03apeaKTOPHMX CXO-
u BAII. BoHu € «6acelilHOBUMM» CXOBUIJAMIU, B IKUX
MaJIMBO PO3MIIIYEThCA Y BOASIHOMY CEPENOBUII.

IIpoTAromM ocTaHHIX feCATUPIUb CIOCTEPIra€ThCs
PO3BUTOK TeXHOJIOTiN cyxoro 36epiranns BAIL 3 pisaux
IPAaKTMYHNIX Ta eKOHOMIYHIX IPUYVH pi3Hi crtocobu cy-
XOro 30epiraHHs pO3BUBAINCS, IEPI 3a BCe, [JI TOTO,
06 3aJOBONBHNUTY cHenndidyHi BUMOTY [/Is PiSHUX
BUJIiB sAiflepHOrO NManusa. KpiM Toro, TeXxHOmorisa cyxoro
36epiranns BAII He moTpebye 3acTOCYyBaHHA aKTMBHUX
cucTeM GesmeKy, Ha BifiMiHY BiJi CXOBUIL MOKPOTO TUILY.
Tomy BAIII cyxoro Tumny BBa>karoThCst 61/IbII HA/[iTHUMIL.
Il BIpoBaj)KeHH A TeXHONIOrii cyxoro 36epirannsa BAII
HeoOXifHO Oy/10 JOCIiANTY 1 BUPIIINTY IUTAHHS LIOJ0
36epiranns BSII 3a mifBuinennx remneparyp 3bepira-
HA manusa (~300-400 °C), cTBOpeHHA pi3HMX Ta30BUX
cepenosuy (nosirps, He, CO,).

Papianiiini xapakrepucruku BAII

Papianinini xapakrepuctuky BAIl — axkTuBHICTD
1 3a/IMIIKOBE €HEePTrOBUMI/IEHHS S[JEPHOTO MajauBa —
3HAYHOI0 MipOI0 BM3HAYAIOTh K MOX/IMBUIL Iepebir
aBapiffHUX cleHapiiB, Tak i MOXKIUBI pagiaLiiiHi Ha-
CHiKY aBapill Ha AflepHNUX yCTaHOBKaX. TpuBanmnii gac
OCHOBHIUM [KepernoM iHdopmanii mopo pagiamiiniHnx
XapaKTepUCTUK sfiepHOro nanusa BBEP-440, BBEP-1000
i PBMK-1000 6yn0 BuganHs [3].
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Heo6xigHicTh mpoOBefeHHs JOCTiIKEeHb OO OLfiH-
KU pajialliifHNX HaC/lTifKiB KOMyHaJbHOI aBapii y pasi
MO>K/IMBOI pyiiHaLii KOHTelIHepiB a60 cXOBUII 30epiraH-
HA BAII mosAcHI0€TbCA [OBrOTpMBaINM ANEPHUM HIAHTA-
xeM P® na oxkynosanii 3anopisekiit AEC, e 3 2001 p.
eKCITyaTyeTbes cyxe cxosuine BAII 3anopispkoi AEC.
HocnimKeHHS € TAKOXX BaK/IMBUM i JIJIA IHIIMX MaliTaH-
41KiB 36epiranus BAIL YV pobori npencTaBneHo aHami3
papiallifiHMX XapaKTepUCTUK OIPOMiHEHOTO ANI€PHOTO
nanmuBa BBEP-1000, nmpencraBneHux y foBigHUKY [3]
i pospaxoBaHuX aBTOpaMy poOOTH y IPOrPaMHOMY KOZii
SCALE [4].

AKTUBHICTbD 1 3a/IMIIIKOBE €HEPTOBULiNIEHHA AJep-
HOTO IaJIMBa Ha MOMEHT 3YNIMHKI ANEPHOTO peaKTopa
Ha 4eproBe NepeBaHTa >KeHH BU3HAYAI0TbCA TAKMMMU I10-
Ka3HUKaMM, K BUTOPAHHA AJIEPHOTO MaINBa B OKPEMIUX
TB3, a Takox rpadikom HaBaHTaxeHHs TB3, ocobmmBo
3a OCTaHHIll PiK €KCIUTyaTaljii.

Y mosiguuky [3] gna BBEP-1000 Hagano indopma-
LIiI0 LOAI0 pafialliffHUX XapaKTePUCTUK NI PEXKUMIB
ONPOMiHEHHA ANIEPHOTO NajauBa NpoTATroM 1, 2 i 3 ma-
NMMBHUX KaMIIaHili Ha MUTOMiN TOTY>XHOCTi ~44 MBt/TU,
TPUBAJIICTh KOXKHOI Ma/IMBHOI KaMMnaHii ~306 1io, 3YNIUH
Ha TIepeBaHTa)KeHH:A IanuBa ~48 1i6, cymapHe BUTO-
psiuHst 40,48 T'Bt - n/TU. Heo6xiHO OLiHNTHY, HACKITBKI
OOI'PYHTOBaHMM € 3aCTOCYBaHHs pajiallifIHNX XapaKTe-
PUCTMK OIIPOMiHEHOTO MajVBa, HAaBEJECHUX Y OBIJHN-
Ky [3], ana apepHoro nanmsa 3 GaKTMYHNM Tpadikom
HaBaHTaKeHHs TB3 mif yac masmBHMX KaMmaHii. Takox
HeoOXi/JHO OL|iHNTY HeBM3HAYEHICTD Pe3y/IbTaTiB, OTPU-
MaHMX y (3], yHacmifok Toro daxry, mo TB3 He moxe
€KCII/TyaTyBaTNCA Ha IOCTilIHii MOTY>XHOCTi He Ti/IbKI
IPOTATOM OfHOTO MaJVBHOTO 3aBaHTAaXE€HHA, a TUM
6inple B pi3Hi Ma/IMBHI 3aBaHTaXeHHA. 3a3BUYAIl I10-
Ty>kHicTb TB3 B ocTaHHIIt pik ekcrryaranii B 1,5-2 pasn
MeHIIle, HiXK Ha MepUINX MaJIMBHNUX 3aBAHTAKEHHAX.

Takox He0OXifIHO BpaXoByBaTH, ILI0 HA BiIMiHY Bif
[IAaHUX, HaBefleHNX y BoBimHMKY [3], Ha BBEP-1000 AEC
YKpaiHM 3aCTOCOBaHO YOTMPUPIYHY MaJIMBHY KaMIIaHIIO.
[l71st MozienIoBaHH s 00paHO ycepeHeHi JaHi A1 OZHOTO
3 eHepro67okis BBEP-1000. TpuBamicTh manuBHOI KaM-
maHii 300 1i6, 3ynuH Ha epeBaHTa>KeHHA nanusa 50 aib,
cymapHe Buropsinaa ~50 I'Bt - g/TU. I[InToMa moryx-
HICTb AJI€PHOrO NaIyBa 3a Ma/IMBHUM 3aBaHTa KECHHAM,
BIIIIOBiHO, 47,6; 49,8; 43,0; 24,9 I'Bt/TU, 1o Binmosigae
¢dakTuYHOMY HaBaHTa)XeHHI0 TB3 111 ogHOTO 3 eHep-
ro6iokis BBEP-1000.

Il ogep>XKaHHA pe3ybTaTiB BUKOPUCTOBYBaJIN-
CA HACTYIHi MOAYIi Ta YTU/ITH IIPOTPAMHOIO KOJy
SCALE: xepytounit mogynb TRITON; cucremnnit mo-

nynb ORIGENS, mjo 3amyckaeTbcs KepylodnM MOfyeM
4y caMOCTiiiHO; a TakoxX ytuaita OPUS. TRITON pae
MOXX/IUBICTb CTBOpeHHA 3D Mogeni, 3alaeTbcA TeoMe-
Tpisl, MaTepia/IbHUIL CKJIaJ| IaNyMBa Ta Pi3HUX PE€YOBUH,
a TAaKOXX € MOXX/IMBICTh CTBOPEHHS [JOBI/IBHOTO MTa/INB-
Horo 4ukny. Pospaxynok Buropsasus 8 Mmopyni TRITON
CKTaJa€eThCsA 3 TPhOX YaCTUH: PO3PaXyHOK IlepepisiB
(CENTRM/PMC a6o NITAWL), po3paxyHOK IepeHe-
cenns HentTpoHiB (NEWT a6o KENO) i po3paxyHok
BuropsaHHa (COUPLE/ORIGENS). ORIGENS mopernioe
BUTOPSIHHA NajiuBa: nepefdadae Ha 3aflaHi MOMEHTH
4Jacy KOHIJeHTpalii HYKIIifiB, [>Kepela HEMTPOHIB Ta
raMMa-KBaHTiB, aKTUMBHICTb, 3a7MIIKOBE €HEPTOBU-
minenna. OPUS — yrtuira, o ga€e MO>XX/IMBICTD BUBe-
ctu gaui 3 Buxigaux dainis ORIGENS, a Takox 03Bo-
JIA€ BUBECTY PE3Y/NbTAT Y BUIAJIL 3a/IEXKHOCTI IIEBHOI
BEeJIMYMHH BiJl 4acy Ta CTBOPIOE Ha OCHOBI I[bOTO Ta0/IN-
II0 pe3y/IbTaTiB [4].

Y pob6orti (guB. puc. 2-5) npefcTaBIeHO MOPiBHS/Ib-
Hi pe3ybTaTy MO0 3MiHM B 9aci aKTMBHOCTI A/I€pPHOTO
HajMBa 711 TAKMX BUIAJKiB:

aKTUBHICTh ANEPHOrO IanMBa aKTUMBHOI 30HU
BBEP-1000 Ha KiHellb Ta/IMBHOI KAMIIaHii B pe>X1Mi cTa-
I[iOHApHUX ITepeBaHTa)kKeHb IJIA TpupiuHoi (pexxum Q) i
JOTUpUPivHOi (pexxuM S) MaTMBHNUX KaMIIaHilL;

aKTUBHICTb AfepHoro nanusa BBEP-1000, BuBaH-
Ta>KEHOTO B OaceliH BUTPUMKM ab0 B KOHTeltHep 36epi-
ranHsa BAII gna TpupivHOi i YJoTHpUpPIiYHOI MaTMBHUX
KaMIIaHiil.

TakuM 9MHOM, € MOXX/IMBICTD OIL[IHMUTHU [ialla30HM
MOXX/IMBUX MOXMOOK ITiJ] Yac BU3HAYEHHS pajialiilHNX
xapakrepuctuk BAIL, ski 6yae 3acToCOBaHO /s BU3HA-
YeHHA pafiialjiffHOTO BIIZIMBY Ha IOBKi//A 1 HaceleHHA
IIpY KOHCEPBAaTMBHOMY POS3IIAJLL CLIEHapiiB MOXINU-
BUX aBapiil 3 BUXOZOM aKTMBHOCTI 3a MeXi QisnaHnx
6ap’epiB peakTopHOi ycTanoBKu BBEP-1000 a60 B pasi
pyitHanii KoHTeliHepiB 36epiranns BAIL

Ha puc. 2 npencrasneno 3aminy nporsarom 200 fi6,
a Ha puc. 4 nmpefcTaBaeHo 3MiHy npoTarom 30 pokis
MUTOMOI aKTMBHOCTI sAimepHoro nmanusa BBEP-1000, ske
3HaXOJMUTbCA B aKTUBHII 30HI HA MOMEHT 3aBEPIIEHHA
nanuBHOI KaMnaHii (s pexxumis S, Q) i 3 pisHuX npu-
4JH He MOXKe OyTV BUBaHTaXeHO B BB, abo y Bumazgky
aBapiifHOrO BMBaHTaK€HH AlepHOTO NanuBa B BB.

Ha puc. 3 npencrasneno 3aminy nporsarom 200 fi6,
a Ha puc. 5 mpefcTaBaeHO 3MiHy npoTarom 30 pokis
MUTOMOI aKTMBHOCTI sAimepHoro nmanusa BBEP-1000, ske
BUBaHTaXeHO B BB, a oTiM y KoHTeltHepu 36epiraHHs
BAII, micna saBeplIeHHSA eKCIUTyaTallii MajnBa B aKTVB-
Hiit 3oui BBEP-1000 (m1s pe>xxumis S, Q).
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Puc. 2. AKTUBHICTD AflepHOTO Na7IMBa B AKTHUBHIIl 30Hi1
BBEP-1000 micys synuny npotsarom 200 gi6
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Puc. 4. AKTUBHICTD silepHOTO NIaMBa B aKTUBHIl 30Hi
BBEP-1000 micna synuny nporsarom 30 pokis

Ha pnc. 2-5 TakoxX IpeficTaB/IeHO 3HaUYeHHA (TIpa-
Ba BiCb) BiJHOLIEHHs aKTMBHOCTI IanuBa B peXXuMi S
(Mapkep Kpy>ke4oK) O aKTMBHOCTI IasmBa B pexumi Q
(Mapkep TPUKYTHUK).

BB rpadika HaBanTakenHsa TB3 Ha
papianiini xapakrepucrtuku BAII

Y HayKOBMX JOCTII>KEHHAX 3 OLiHKM 3MiHM aKTVUB-
HOCTI Ji 3a/mMmKoBoro eneproeupineHnsa BAII ax mapame-
Tpa, AKMii xapakTepusye BAII, BUKOpuCcTOBYIOTh 3HaYEHHA
BuropsinHs nanusa (MBr - n/krU) abo nutomoro eHepro-
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Puc. 3. Axrusnictp BAII BBEP-1000 micnsa synuny

npotsarom 200 ni6
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Puc. 5. Axrusnicts BAII BBEP-1000 micna synuny
nporarom 30 pokis

BupineHHa (MBrt - g/xrU). [Ina ananisy 3Minn papiarnii-
HuX Xapakrepuc-Tuk BAIl y noBrocTpokosiit nepcreKTusi
(6inpire 10 pokiB) Takuit minxizn € kopekTHuM. 1llo cTo-
CYETbCA aHai3y 3MiHM pafialliiiaux XapakTepuctuk BAII
Y KOPOTKOCTPOKOBIII epcriekTusi (o 10 pokiB), To He06-
xigHO BpaxoByBaru rpadik HaBaHTakeHH:A TB3 y mepion
ii exciTyartanii, oco6/1MBO B OCTaHHIN piK eKCIUTyaTanii.

Y craTTi IpencTaBneHo pe3yabTaTy 3MiHM pafiialiiii-
Hux xapaxkTtepuctuk TB3 BBEP-1000, ki focariam mig dac
eKcIyarauii ogHakoBoro BuropsanaA 10,7 IBr - n/TU, ane
exciuryaranig TB3 mposBopmmacs 3a pisanMu rpadikamm
HaBaHTA>KEeHHA:
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Puc. 6. AKTUBHICTD sifepHOro nmanusa npotsirom 200 fi6
mic/is 3ynuHy peakropa ais TB3-11i TB3-2

TB3-1 nporsarom 0+150 fi6 excrryaryBanacs Ha
100 % HOMiHaMBHOI MOTY>KHOCTI, a TpoTAromM 151+300
71i6 Ha 50 % HOMiHa/IBbHOI HOTYXXHOCTI;

TB3-2 mporsarom 0+150 gmi6 excmayaryBara-
ca Ha 50 % HOMiHANTBHOI MOTY>XHOCTi, @ IPOTATOM
151+300 fi6 Ha 100 % HOMiHa/IBHOI TOTY>KHOCTI.

IlopiBHANPHI pe3ynbTaTH HaBeLEHO Ha puUC. 6 Ta 7.
Ha puc. 6 nasemeno 3miny aktuBHoCTi TB3-1 i TB3-2
npotsroM nepuux 200 #i6 micis 3synuHy peakropa, Ha
puc. 7 — npotarom 10 pokiB mic/s 3ynuHY peakTopa.

Ha puc. 6 Ta 7 Takoxx mpecTaBaeHo 3HauYeHH (Ipa-
Ba BiCh) BifHOIIEHH A aKTUBHOCTI manuBa TB3-1 (Mapkep
KPY>KeuoK) o aKTMBHOCTI manuBa TB3-2 (Mapkep Tpu-
KYTHIK).

IIpoBenennit aHani3 pe3ynabTaTiB MOZENTIOBAHHA
IEMOHCTPYE, L0 32 OJHAKOBOT'O BUTOPSHHS IMTOMA aK-
TUBHICTb:

Ha KiHenlb manuBHOI Kamnanii TB3-2 maitxe y 2 pasu
6inpiua, Hixk y TB3-1;

Ha 50-Ty f06y 6inbire y 1,5 pasa;

gepes 1 pik 6inbmre y 1,15 pasa;

Ha CbOMUII pik 6inblie Tinbku Ha ~1 %.

Tinpku 3 8+10 poky 36epiranus BSII akTuBHOCTI
i 3anmIKoBi eHeproBujineHHA TB3 3 ogHakOBUM BU-
ropssaHaM — 10,7 Bt - n/tU, ane pisaum rpadikom
HaBaHTa>X€HHS ITiJl Yac eKCITyaTalii MO)KHa BBa>kaTl
OJHAKOBVMI.

Tomy mif yac mpoBefeHH s aHAMTI3y MOXK/IMBUX pajia-
LiTHUX HAaCTiAKiB aBapii Ha 3amopispkiit AEC HeoOXifHO
BpPaXOBYBaTM PeXXMM HaBaHTa KeHHA eHepro6okis 3a-
nopisbkoi AEC, 1o nepebyBay B eKCIUTyaTanil mepen
3yIIMHOM IX Y BepecHi 2022 p.
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Puc. 7. AkTuBHICTD AimepHOro Manusa nporarom 10 pokis
Iic/IsA 3ynuHy peaktopa ais TB3-11iTB3-2

BucHoBkmu

Y po6ori npoBefeHoO aHaIi3 BIVIMBY Ha pajianiiai
xapakTepuctuky BAII BBEP-1000 pexxuMy HaBaHTa>KeH-
Ha TB3 mij yac iXHbOI eKcITyaTalii NpoTAToM HannB-
HUX KaMIIaHilL.

PesynbraTty MopenoBaHHA OKa3yIOTh, IO IMTOMA aK-
TUBHICTD, a BIJJIIOBIIHO 11 3aTa/ibHa AKTUBHICTD SZIEPHOTO
nanvBa B akTuBHIl 30H1 BBEP-1000, micna ~1 poky BuMy-
IIEHOTO MIPOCTOI0 eHepro6yokiB 3amnopispkoi AEC, 3meH-
mmacs B ~100 pasis. Tomy MoxxmBi pafianiitHi Hacaigku
B Pa3i NOIIKOJKEHHA AJIEPHOTO Ma/INBa, 110 3HAXOAUTHCSA
B aKTVBHIX 30HaX 200 BIBAHTAXKEHO B 6acelTHY BUTPYMKI,
OynmyTh 3HAUHO MEHIIVIMY, HX y pasi aBapil Ha IpaIfioro-
yoMy peaktopi. Te came cTOCYeTbCA Ji IOPiBHAHD JIEAKUX
eKCIIepTiB HAaCMiAKiB MOx/IMBOI aBapii Ha 3anopisbkiit AEC
3 Hacmigkamu aBapii Ha Yoprobunbcpkiit AEC y 1986 p.,
sIKa Biffby/acsl Ha MPAIIOI0YOMY PeaKTOpi 3 BUKMIOM Ha-
30BHI IIJOHalIMeH1IIe ~3-5 % siepHOro Mannsa.
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Radioactivity and Residual Energy Release of Nuclear
Fuel During Operation and Storage

General information on the amount of accumulated spent
nuclear fuel (SNF) at NPPs in the world is presented. An anal-
ysis of the rates of SNF accumulation was carried out, and
forecasts of SNF accumulation in the world and in Ukraine
for the next decade were made. Information is given on the
technologies for SNF handling, as well as some characteristics
of SNF storage systems of wet and dry types.

Radiation characteristics of SNF — radioactivity and
residual energy release of nuclear fuel — largely determine
both possible accident scenarios and possible radiation conse-
quences of accidents at nuclear facilities. The article presents
the results of modeling in the SCALE program code of chang-
es in radioactivity and residual energy release of VVER-1000
nuclear fuel after period of operation of the fuel assembly in
the VVER-1000 core. The model of VVER-1000 fuel assembly
with 4.4 % enrichment, which is used in the mode of stationary
refueling, was chosen for simulation. The simulation results
were compared with the data given in the relevant reference
books regarding the change in the radiation characteristics of
nuclear fuel during its operation in the VVER-1000. The results
of comparison of the radiation characteristics of VVER-1000
fuel assemblies with the same burnup, but with different fuel

loading schedules in the last year of operation are presented
for a four-year fuel campaign. A significant influence on the
radiation characteristics (radioactivity and residual energy re-
lease) of the fuel assembly load mode has been demonstrated.

The simulation results show that the specific radioactiv-
ity and, accordingly, the total radioactivity of nuclear fuel in
the VVER-1000 cores at the Zaporizhzhia NPP after ~1 year
of forced outage decreased by ~100 times. Therefore, the pos-
sible radiation consequences in case of damage of nuclear fuel
located in the core or unloaded into the spent fuel pools will
be much lower than in the case of an accident at an operating
reactor. The same applies to comparisons of the consequences
of a possible accident at the ZNPP with the consequences of
the accident at the Chornobyl NPP in 1986, which occurred
at a working reactor with the release of at least ~3-5% of
nuclear fuel.

Keywords: spent nuclear fuel, specific radioactivity of nuclear
fuel, residual energy release, fuel assembly, VVER-1000, dry
storage of spent nuclear fuel, wet storage of spent nuclear fuel,
SCALE program code.
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TpuBuMipHe MO eTIOBaHHA K iIHCTPYMEHT HiBUIIECHH A KYIbTy P
0e3meKu i Yac mpoBeieHHA PoOiT Ha pamialiitHO-AIepHIX 00 €EKTaxX

Knrouosi cnosa:

ChNPP VRdose Planner Pro v. 2.2.2,
raMMa-BUIIPOMIHIOBAaHHS,

06’€KT «YKPUTTS»

3acobamu mporpamu ChNPP VRdose Planner Pro mobygmoBano TpuBMMIpHY MO-
[efb 30BHIMIHBOI OGOIOHKM IOKPiBIi 06’€kTa «YKpUTTA» i3 HXKepelnamMu raMma-
BUIIPOMiHIOBaHHA Ta OyHiBeIbHMMM KOHCTPYKLiAMM, fAKi MalOTh BIaCTUBOCTI 3a-
XMCHMX eKpaHiB. BukoHaHo aHanis pagianiiiHol 06CTaHOBKM Ta IMOKA3aHO Bi3yajbHe
BigoOpa>keHHs pajiauiifHOro monis Haph moKpisnen. CTBOpeHO Mopeni 6y;aiBean1/1x
KOHCTPYKIiif, AKi IeAKOI0 MipOI0O €KpaHYIOTb TaMMa-BUIIPOMiHIOBaHH S, 1[0 BUXOAUTH
i3 genrpanpHoro 3any (LI3) o6’ekra «YKpuTTsi». 3AiliCHEHO TPUBMMIpHE MOJETIOBAH-
HsI IIPOLIECY «PAHHBOTO» HEMOHTAXY OyAiBebHUX KOHCTPYyKIilt y mporpami ChNPP
VRdose Planner Pro v. 2.2.2. 3acTocyBaHHA MeTOIiB MOJIe/IIOBaHHA paflialliiffHUX YMOB
Iif 9ac MIaHYBaHHs Ta BUKOHAHHS PoOIT y pagianiiiHo HeOe3MeYHNX yMOBaX [acTh
3MOTy ONTMMI3yBaTy IPOEKTHI pillleHHs MO0 AEMOHTAXY HeCTaOIIbHUX KOHCTPYK-
it 06’exta «YKpUTTSA», ONTUMI3yBaTy CTPYKTYPY pafiallifiHOro 3aXMCTy HEePCOHAIY.
ITporpaMHuMIt KOMIIIEKC € 3PYIHUM 3aCOO0M [i/Isi BUKOHAHHSI PO3PAXYHKIB OI[iHEHIX
103 ONPOMiHeHHsI B pafiauiitHo Hebe3meqyHnX YMOBaX, YMOX/IMB/IIOE MIBUJIKE Ta Ha-
OYHe MOJe/MTIOBAHHS a/IbTEPHATVBHIX BapiaHTIB BUKOHAHHS POOIT, ae 3MOry 3piiic-
HIOBATY ONTMMIi3allilo IIpoliecy BUKOHAHHSA POOIT Ta NOBe[iHKM IIePCOHANTY B pajiia-
niiiHo Hebe3mevHNx yMoBax. Ha OCHOBI BUKOHAHOTO MOJETIOBAHHSI MOXKHA CTBOPUTH
IHTepaKTUBHMII IPOTPaMHMII KOMIUIEKC Y HaBYaJbHO-TPEHYBa/IbHOMY LieHTpi Yop-
HOOunbcpkoi AEC fi/151 eTaIpHOrO HaBYAHHS Ta MIATOTOBKY IepcoHamy. Pesyapratu
aHaIi3y pagialiiiHOI 06CTAaHOBKY MOXYTb OyTHU BUKOPUCTAHI IIpY [/IAHYBaHHI BIKO-
HaHHA Po6iT y pafianiiiHo He6e3eYHNX YMOBaX IJIA 3a0e31eYeHH 3aXUCTY II€PCOHA-
ny BignosigHo go mpuHoumy ALARA.

Beryn

HOCTI B pajfjialiiiiHo Hebe3meuHNUX 30HaX [2]; Mogerto-
BaHHs pajialiiiHo HeOe3MeYHNX 30H 3 METOI0 3HVKEeHH

B Incturyrti mpobnem 6es3mekn aTOMHUX €/1eKTPO-
cranuiin HanionanpHOI akagemii Hayk Ykpainu (mami —
ITTb AEC HAH VYkpainu) KOMITI0TepHe MOJIe/TIOBaHH S
IV POKO BUKOPVCTOBYBAJIOCS /I BUPILIEHHS Pi3HUX
TPy 3aBlaHb, BK/IIOYHO 3 MOJI€/IIOBAaHHAM pafiialjiifHol
00CTaHOBKY B 00’ €KTi «YKPUTTS» 1 HOOIM3Y HBOTO, @ CaMe:
00’€MHUII PO3MO/i/ NO/TiB raMMa-BUIIPOMiHIOBaHH [1];
3abe3nedeHHs pafialliifHOI Oe3neKku y mpoueci fisinb-

PiBHS OIIPOMiHEHHsI IepCOHANY [3, 4]; po3pobxa TexHid-
HIX IPOTMO3NIIiII IOZI0 OpraHisallii mpolecy BUTy4eHHA
HmanVBOBMICHMX MaTepianis [5, 6] Ta iH.

ITix yac mIaHyBaHHA POOIT Ha 06'€KTi «YKPUTTSI» Be-
JIVIKe 3Ha4eHHA Ma€ MiHiMisallid 103 IepcoHamy, AKUIA
Oepe ydacTp y uux poborax. Lle HabyBae ocobnuBoro
3HAaYeHH JI/Is1 BUKOHAHHS POOIT 3 IEMOHTa)Xy KOHCTPYK-
1iif, 10 XapaKTepPMU3YIOThCA BEIMKIMY KOTeKTUBHUMMI
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e(eKTUBHIMN [I03aMU, AKi OTPUMYE IIePCOHAII IIij] Jac
iXHDbOI peasnizaljii. ¥ 3B’I3Ky 3 L[UM y>Ke Ha eTalli IPOEK-
TyBaHHS BIHMKA€ HEOOX1JHICTb BU3HAYEHHSI 103 IEPCO-
HaJy, a TAKOXX ONITMMi3allii 3aX0fiB MpoTMpagialilfHOTO
3aXMCTY i, y IepIy depry, 6i0710ri4HOTO 3aXUCTY.

ITepenik HecTabinTbHMX KOHCTPYKIili 06’€KTa
«YKPUTTA», IO HiI/IATalOTh «pPAaHHBOMY» JE€MOHTAXY,
yKasaHMIl y TEXHIYHOMY 3aBIaHHi Ha PO3POOKY IIPOEKT-
HOI JOKyMeHTalil 06’ekTa OyniBHuITBa «HOBMIT 6e3-
neuHnit KoHaituMenT (HBK). IlyckoBuit KoMIIIeKc 2».
Y npoMy BOKyMeHTi MiCTUTbCA 17 HaliMEHYBaHb OCHOB-
HUX Oy7jiBe/IbHIX METaJIOKOHCTPYKLIil i By3/IiB 06’ekTa
«YKpUTTA».

OcCKinbKM Mij] Yac IpOBefieHHs POOIT i3 eMOHTaXY
HecTabiIbHIX KOHCTPYKIIiil pafjianiiiHa o6cTaHOBKa Oy/ie
3MiHIOBATMCA, TO IPOEKTHI pillleHHA MOBMHHI BPaXOBY-
BaTy MOXX/IMBI 3MiHM ;O3 OIIPOMiHEHH MiJ] 4ac IIaHY-
BaHHA 3aXJCHUX 3aXOfiB. /I po3paxyHKy IOTY>KHOCTI
mosu (I1]]) raMMa-BUIIPOMiIHIOBAaHHA IPU BMKOHAHHI
POOIT IPOIIOHYETHCS 3aCTOCYBATU METOJ, MATeMaTUIHOTO
MOJI€/IIOBAaHHSA HAa OCHOBI MOJIE/Ii «TOUKOBOTO IXKepesia»
(point kernel) [7]. Lleit migxin mae 3MOry mpoBOfUTH PO-
3paxXyHOK i aHasi3 pafianiiiHol 06CTaHOBKM IIPaKTUYHO
B peaJIbHOMY MacIuTabi gacy [8]. /11 mpoBeieHHs TAKOTO
PO3paxyHKy BUKOPUCTOBYBaBCA MPOrpaMHUIL IPORLYKT
ChNPP VRdose Planner Pro v. 2.2.2 (mani — ChNPP
VRdose Planner Pro), po3po6nenuii y paMKax IpPOEKTY
«lenTp Bi3yamisauii sHATTA 3 excryaranii YAEC —
posmmpenHs i ontumisauia [Inanysanbanka YAEC»
B IHCcTMTYTI eHepreTnunnx texnonorin (IFE), Hopse-
ris [9]. Lleit mporpaMHuMit MpoORYKT BK/IIOYA€E B cebe pos-
PaxyHKOBUII MOZY/Ib Ha OCHOBi MOJi€/Ii TOYKOBOTO JI>Ke-
pena, a TaKOX Cyd4acHi 3acobu Bisyasisarii Ta aHamisy
OTPMMAHINX IaHUX y Pe3y/IbTaTi po3paxyHKis. HeobxinHo
3a3HAYNUTY, 1O Y BUMIAIKY 3aCTOCYBAHHS LIi€l IporpaMu
3a/IMIIAETHCA MOXK/IMBICTD Bidyamisalii i aHa T3y JaHuX,
TaKMX K eKCIIepPUMEeHTaIbHI BUMIpIOBaHHs a60 po3paxy-
HOK MeTofgoM MonTe Kapro.

Y 1iit po60Ti 3a FOIIOMOr00 IPOTrPAMHOTO IIPOAYK-
Ty ChNPP VRdose Planner Pro nposezeHo aHasi3 papia-
1[i/IHOI 0OCTAaHOBKM HaJl IIOKPIB/IEI0 00’ €KTa «YKPUTTS»,
30KpeMa CTBOPEHO Mojie/li Oy/jiBe/TbHIMX KOHCTPYKIIiA,
AKi eKpaHyI0Th TAMMa-BUIIPOMiHIOBaHHS 113, a TakoXx
3po6/IeHO BMCHOBKY IIPO OCHOBHI Ji>Kepesia BUIIPOMi-
HIOBAaHHS.

Insa aHanmisy papianiiHoi o6CTaHOBKM HOTPi-
OeH epeKTUBHMIT METOJ PO3PAXYHKY IIPOCTOPOBOTO
posmnoginy I1]] ioHi3y1090ro BUIPpOMiHIOBaHHs, a TAKOX
3acobu Bisyasiszanii pesynbraTiB po3paxyHkis. IIpo-
rpaMHuUit IpopyKT (mani — nporpama) ChNPP VRdose

Planner Pro sBisie co6010 iHCTPyMeHT /11 MOHITOPMH-
I'y HaBKOJIMIIHIX YMOB Ta INIAHYBaHHA Aill y peaTbHOMY
yaci. Ileit mofaToK f03BOMNAE B JUHAMIL Bi3yanisyBaTn
paznionoriyHi yMoBM MeTOflaMM BipTyaIbHOI peanbHOCTI,
a TAaKOXX 37iMICHIOBAaTH NTepCOHaNbHMII MOHiTOpMHT I1]T 71
CyMapHOI ;031 B peaTbHOMY 4Yaci I/1 «MaHEKeHiB», 10
iMITYIOTh PyX peabHUX IOl

MeTopuka po3paxyHKiB

Pesynbraty aHamisy pajianiiiHoi 06CTaHOBKM MO-
XYTb OYTV BUKOPUCTAHI Mifi 4ac I/IaHyBaHHSI IIPOBe/ieH-
Hs po0iT y pagialiiitHo Hebe3IeYHNX YMOBaxX A/ 3a6e3-
IeYeHH: 3aXUCTY IIepCOHANY BiiIMOBIAHO JO IPMHIUITY
ALARA.

PanHni Bepcii nporpamu HVRC VRdose (na 6asi
sxoro pospo6rmeno ChNPP VRdose Planner Pro) 3a6es-
HevyBa/Iy JINIIe IPOCTNUI JO3UMETpUYHMIT MeTOZ [10]
pospaxyHKy 1]l BunpoMiHoBaHHA 11 Bisyanisawii pafia-
LifiHUX TOJIiB, IO CTBOPIOIOTHCA AXKepelaMy ramma-
BUIIPOMiHIOBaHH:A. B OCHOBI O03MIMETPMYHOIO METORY
NEeXUTDb 6a30BUIT METOJ, TOYKOBOTO SIAPA, AKUIT IUPOKO
3aCTOCOBYETBCA [/14 PO3PaxXyHKiB pafiialliliHOTO 3aXM-
cTy. B 0cHOBI MeTORYy T€XXNUTH PO3AiNeHHA IPOCTOPOBO-
ro Ji)Kepejla BUIIPOMiIHIOBaHHA Ha Maji eneMeHnTy; I1]1,
IO YTBOPIOETHCS KOXKHUM TaKUM €1eMEHTOM, PO3paxo-
BYETBCS 32 GOPMYIIO0

H, - A2 W), 0
1.

1

Ie A — BigmoBimHMIT [0o30BUI KoedinieHT; B — dakrop
HAaKONMYEHHs; (| — KoedillieHT ocmabieHHs BUIIPOMi-
HIOBAaHHs; r, — BiJICTaHb BiJ| €/lEMEHTa JI>KePena IO TOY-
Ku, fe obuncnoerbes I1]1 BUIIPOMiHIOBaHHS.

Io3a Bifj ycbOro MpoCTOPOBOTO J)Kepena B LIbOMY
BUITA[IKY BU3HAYAETHCS AK CyMa J03 Biff yCiX TOUKOBUX
JI>Keperl i BU3HAYa€eThCs 32 GOPMYIIO0

H=>) H, @

MeTop TOYKOBOTO [IKepea JO3BO/AE MOTEMTIOBATY V-
HaMiKy 3MiHM pafial[ilfHUX YMOB y pea/IbHOMY MacuItabi
yacy. I[Ipy 1boMy 3MiHa XapaKTepUCTHUK JyKepe BUITPOMi-
HIOBaHHA i BIACTMBOCTEI 3aXJICTY IPU3BOAUTD JO aBTOMa-
TUYHOTO KOPUTYBAHHS PO3PaXyHKOBOI pajialiiiHoi 06cTa-
HOBKI 11 yCiX IIOBA3aHNX i3 HEI0 Bi3ya/IbHIX yAB/IEHD [4].

Lleit mipfxin fae xopoury oIiHKY B 6i/bIIOCTI TPo-
CTUX CUTYaliil (HallpuKIaf, CTAHJAPTHNUI eHepreTnd-
HUIT CIIeKTP QOTOHIB, IIPOCTa reoMeTpis eKpaHiB), of-
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HaK 3MiHM CTaH/IapTHOI cTpaTerii pafliallifiHOTO 3aXUCTY
Ta HaABHICTb JOGATKOBMX BXiZHMX JaHMX BVMAaraloTb
Oi/1pII cy4acHOro Ta e(eKTUBHOTO HMiIXOAY.

ITig yac po3po6KM paHHBOI Bepcil Mporpamim MIBIJ-
KicTb 1 mpocToTa 064YMCIeHb Majy ePLIOPsIIHE 3HaYeH-
Hs. HasBHi BXifgHi maHi 6y/1u iHTerpoBaHi B peasisaniio
nporpamu. Le 3a6esnedye BICOKY LIBUAKICTD 00UNC/IEHb,
ajie He JO3BOJISI€ KOPUCTYBadyaM pO3IIMPIOBATU CIIVCOK
HiiTpMMYBaHMX i30TOIB i MaTepianiB ab0 OHOBITIOBATI
3aCTOCOBYBaHI CTaH/IApTHi pagionoriyni BXifHi gaHi (ko-
edinientu nocnabneHHs i mornMHaHHA, GaKTOPU HAKO-
nudeHHs toio). KpiM toro, ciporennit migxin He 3a6es-
nevye KOPUCTYBadiB JOCTaTHbOIO THYYKICTIO, HAIIpUK/Ia/
111 Bubopy 6akaHoi BuxigHol indopmariii 3i crimcky 3a-
CTOCOBYBaHUX Yy Iieil Yac pajlioMEeTPUYHMUX i TO3MMETpUY-
Hux BemmuyH. OCKIZIbKY OCHOBHOIO METOI0 IIPOrPaMHOTO
iHCTpyMeHTa € miATpMUMKa pobiT, 1[0 MOBI3aHi 3 HOTEH-
UiTHMM pafialliiiHuM OIIPOMiHEHHSIM, BaXK/IIBO, 1100 Po-
3paxoBaHe pajialliiiHe HaBaHTa)KEHHs MO>KHa OY/I0 IOpiB-
HATY 3 MeXKaMU, 3aCTOCOBaHVMM [0 KOHKPETHOI CUTYyaIlil.

JoCUTD IOMMPEHOIO € CUTYaLisl, KON JKePeJIo 3Ha-
XOJUTBCS 03a KiTbKOMa TBepAUMMU i/ab0 pigkumu ekpa-
HaMJl, a JeTeKTOp PO3TAlllOBaHMII Y OBITPi Ha MeBHil
BifcTaHi Bif expaHa. OCKi/IbKM IOBITPsI He HiATPUMYETD-
sl SIK MaTepias, TO SIK MOCIab/IeH s, TaK i HAaKOIIMY€eH-
HA (POTOHIB y IOBITPi He BPaXOBYIOTbCA. X04Ya IOBITPA
c1ab0 B3aEMOJIi€ 3 IPOHMKAIOUMM BUIIPOMiHIOBAHHSM,
BEeJIMKUI HIap MOBITpsA MOXe MaTU MOMITHUII BIJIUB,
IPU3BOAAYY [0 30i/IbIIeHHS MOXMOKY Ha BeTMKUX Bifl-
CTaHAX BiJj IyKepen BUIIPOMiHIOBaHHA.

Y nonepepHii Bepcii mporpaMu NpocTOpoOBi Kepe-
J7Ia rTaMMa-BUIIPOMiHIOBaHHS PIBHOMIPHO PO3IOAiNTANNCA
Ha TOYKOBI I>Kepeia Ha OCHOBI PisHUIII MI>K HalTipmmMm
i HalikpamuM creHapissmu. 114 piBHOMipHa TexHiKa
po3nofiny npusBoguTh a60 KO HU3BKOI epeKTUBHOCTI
(K10 BUKOHYETBCS y>Ke TOHKE PO3JineHHs), abo 1o
HOTipIIeHHs TOYHOCTI (SKIO 3aCTOCOBYETHCS OibI
rpy6e po3pineHHsI), KOMU AeTEKTOP 3HAXOAUTHCS MO0-
JIN3Y BETIMKOTO IIPOCTOPOBOTIO J)Kepea.

3 MOMeHTY po3pOo6OKY paHHBOI Bepcii mporpamu 6yyo
oIry6/1iKoBaHO OHOBJIEHHS Ta IOIIOBHEHH PaHillle Omy-
071iKOBaHNUX JaHUX PO (akTopy HakonmdeHHs [11] pisa
IOIATKOBYX €Hepriil OTOHIB Ta eKpaHiB Pi3HOI TOBIVHY
Ta ckafly. KopucryBsadi nonepesHboi JO3MMETPUIHOI MO-
Telli He MOXKYTb BUKOPVCTOBYBATH IIi OHOBJIEHH S, OCK1/Ib-
K1 6asa aHVX I/14 HUX HefocTymnHa. Lle crocyernbes, Ha-
IPUKJ/IaJ, HailOi/IbIIOI TOBIIVHY €KPaHa, IIJ0 CTAHOBUTD
40 \ (moBxyHa BilbHOTO HpOOGIry) y HOIepenHii Bepcii
[12], a B HACTYITHUX BepCisX BUKOPUCTOBYIOTHCS PaKTOPH
HaKOMMYEHHsI /s eKpaHiB 3 ToBuHamu 1o 100 A [13, 14].

YkasaHi Bulle po6/1eMu 3By XXYIOTb 00/1aCTb 3aCTO-
cyBaHHA Mogeni. Hosuit go3umerpnynmii mipxin [7, 8]
Ta€ 3MOry MiHiMisyBaTu 1ii Hegoniku. IIpu nboMy HOBa
Bepcis mporpamu 6ya po3pobieHa sK JOZATOK 10 MO0-
nepenHbol Bepcil mporpamu i € 1ie 6i/bII MOTYXXHUM
iHCTpyMeHTOM [/Is MiiBUILIEHHA KYIbTYpu Oe3mexku
B aTOMHI1 ranysi.

Hoga Bepcist mporpamu 3acHOBaHa Ha i/l cydac-
HOMY Ta THYYKOMY 3aCTOCYBaHHi HaOMVKeHHA 6a30BOTO
TOYKOBOTO SAAPA:

R=Z(4i}; -exp(—Zr(Ei))CF(E,)-B(Zr(Ei))j, o

ne R — BiITYK TOYKOBOTO i30TpomHoro gerekropa (IL11)
(R-h', Gy c',Sv-c'); A — aKTUBHICTb TOYKOBOTO
isorponHoro mxepena (Bq); y, — Buxin goTonis npu
eHeprii poroHa E; r — BigcTaHb BiJf UKepena J10 eTeKTO-
pa (cM); Xr — ONTUYHA TOBLIVHA CePefOBUILA MiX JleTeK-
TOPOM Ta JiKepeyIoM (BK/modatour noitps); CF — xoedi-
1i€HT nepeTBOpenHs eHeprii E, (R - cm?, Gy - cm?, Sv - cm?);
B(Zr (E)) — e Bignosignum koediljieHTOM HAKOTIMYEHHS.

VY wiit HOBiNt peanisanii BXifHi pajionoriuyHi KOH-
CTaHTU i, AK HaC/MifOK IbOTO, pO3PaXyHKOBUI BifT'yK
IeTeKTopa oOpoOIAIThCA THYUKille, 1[0 KO3BOJIAE
ajanTyBaTU JO3MMETPUYHUI MifXiZ B0 KOHKPETHOI
curyarii. Bubip crangapTHUX pajionorivHNX JAaHUX [0
3aCTOCYBaHHs B IeTePMiHOBaHMX PO3PaxXyHKax IIepeHe-
CEHHA BUIIPOMiHIOBAaHHA MOCTiIHO BOOCKOHATIOETHCA.
IITo6 HapgaTu KOpUCTYBaYaM LIMPOKUIL CIEKTpP Mapa-
MeTpiB, 110 00MPAIOTHCs, YCi CTAaHAAPTHI pafionorivyxi
BXifiHI 1aHi, IO BUKOPUCTOBYIOTbCA (KoedimienTn mo-
c/abIeHHs 11 MOITIMHAHHA, Koe(illieHTU IepeTBOpeH-
Hs1, PaKTOPM HAKOIMMYEHHS TOILIO), OTPUMYIOTHCSA 3 JI0-
CTYIIHOI A/ KOpucTyBada 6a3u ganux. Llg 6asa gaHux
MICTUTD BeNMKMit B1Oip BXiIHNX MapaMeTpiB Ha OCHOBi
MDKHapOJHUX CTAaHAAPTHUX MyOTiKa1lill 3 MOXK/IUBICTIO
OHOBJIEHHA Ta PO3LIMPEHHA TaHUX.

Y cy4JacHiit Bepcii KOpUCTyBa4d Ma€ 3MOT'y Ieperisa-
TaTy KOHCTAHTH, IO 3aCTOCOBYIOThCA B JO3MMETPUYIHO-
MY MOfIe/TIOBaHHI Ha OCHOBi Cy4acHUX JaHuX. PaHHA Bep-
Cist IpOrpaMu BUKOPUCTOBYE KoedillieHTN OCabneHHs,
AKi IrHOPYI0Tb a60 HEIIPaBU/IbHO BPaXOBYIOTb Fa/IbMiBHe
BUIIPOMiHIOBaHH: i He BPaXOBYIOTh KOT€pEHTHE PO3Cil0-
BaHHs. Y HOBIiT Bepcii BXiHmMit aiiy, 110 HaCTPOIETHC,
T03BOJAE KOPUCTYBadaM 3aCTOCOBYBATH laHi, 10 Bpaxo-
BYIOTb Iji He3Ha4Hi eexTn [12, 15], 1151 OinbII IpaBUIb-
HOTO PO3PaxyHKY IOC/Ia0/IeHHs B eKpaHax.

Hosa Bepcia nmporpamu, AKa posIIARAETHCA B il po-
00Ti, BUKOPUCTOBYE pe3y/IbTaTV OCTAHHIX pO3pOOOK y ra-
JTy3i pafiaIiiifHOro 3aXMCTY Ta BK/II0Ya€ Oi/IbINy KilTbKiCTh
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CTaHJAPTHUX BXiJHUX JaHMX (HANpUKa[, KoedinieHTn
IIepeTBOPEHHS 103U Ta (PAaKTOPM HAKONNMYEHHS), OTPU-
MaHi B pe3y/IbTaTi MOJeTI0OBAHHA Ta eKCIIEPYMEHTATbHIX
3yCM/Ib Pi3HUX NOCTiZHUIBKUX IPyn y cBiti. HoBa Bep-
Cisg mporpamu BiflIOBifa€ HOBUM PEeKOMEHALliAM TaKMUX
ycraHoB, Ak ICRP (MixkHapomHa KoMmicis 3 pagionoriaHo-
ro 3axucry) [16], ICRU (Mi>xnapomna Komicis 3 pagiamiit-
HUX ONMHMID Ta BUMiptoBaub) [17], Biggin pagiaunirinoro
3aXMCTy Ta €KpaHyBaHHA AMEPUKAaHCHKOTO ALE€PHOTO
toBapuctsa [12], Himenbkuit iHcTuTyT pagianiitHoro 3a-
xucty (Bundesamt fiir Strahlensutz) [18], MixxHaponHe
areHTCTBO 3 aToMHOI eHeprii (MATATE) ta Hauionanb-
HII iIHCTUTYT CTAaHJAPTIB i TEXHOJOTII.

Sk i B monepegHbOMY [O3MMETPUIHOMY MiJIXOx],
IIPOCTOPOBI JI>Kepesla TAKOXK 3aMiHIOIOTbCA CYKYITHICTIO
TOYKOBUX JKepes. Y HOBIill Bepcii mporpaMu mpotec
MIOfIi/Ty IPOCTOPOBUX I KEPeET Ha TOUYKOBI I'PYHTY€ETbCA
Ha KPUTEPIIO, 3a AKUM JKePeI0 MO>KHA BBa>KaT! TOYKO-
BMM. 3TifJHO 3 BUSHAUYEHHAM, JIPKepeIo BUIIPOMiHIOBaHHA
MO>KHa BBayKaTVl TOYKOBUM, AKILO JIOTO FeOMETPUIHIMMA
po3MipaMy MOKHA 3HEXTYBAaTH B IIOPiBHAHHI 3 BiZICTaH-
HIO Bif eTeKTOpa. [I/11 NpaKTMYHUX PO3PaXyHKiB 3aX1-
CTY BiJfl i0Hi3YI09OTO BUIIPOMiHIOBaHHA 3a3BUYall IPUIi-
MaIOTbh, IO /PKEPE/IO MOKHA BBaKaTU TOYKOBUM, SAKIIIO
J10r0 MaKCUMaJIbHUI TeOMETPUYHUIL PO3Mip He Iepe-
Buiye 10 % BifcTaHi Bif fxkepena o feTekTopa. Takum
9MHOM, Y HOBIiI Bepcii MporpaMy IpOCTOPOBI JyKeperna 3a
3aMOBYYBaHHIM p030MBaIOThCS HAa YaCTUHI, 3 PO3Mipa-
mu MeH1Ie 10 % Bif BificTaHi 10 AeTeKTOpa, a KpUTepiit
HOZiTY H>Kepel MoXke OyTY Ha/IallITOBaHWUIT KOPUCTYBa-
4yeM. 3a3HaYMMO, 1110, BUXOAAUN 3 LIbOTO BU3HAUYEHHS,
MaKCHMaJIBHNI PO3Mip «TOYKOBOTO J)Kepera» 3alMeXNTh
Bifl BificTaHi O meTEKTOPa, TOMY IPOCTOPOBI JKeperna
¢dparMeHTyOTbCA HepiBHOMIpPHO (ajanTnBHO) [8]. MeTox
aJJalITUBHOTO IIePeTBOPEHHs 3a0e3Nedye HalKpaluii
Pe3ynbTaT y CUTYaLifiX, KOMU HAETEKTOp 3HAXOAUTHCA
6/1M3bKO [0 IIPOCTOPOBYX JIXKEPeTT, a MOfIe/II0BAaHH TOY-
KOBOT'O Aflpa Ha OCHOBI piBHOMIiPHOI CiTKM He IIpalIo€.
IIpu nboMy HifiBMILI€HA TOYHICTh PO3PaXyHKiB BMMarae
OinbIINX 00YNCTIOBATBHUX PECYPCiB.

Y pamkax po6otu [8], Ha HoFaTOK [0 paHile pe-
a/l1i30BaHOI MOJie/li Ha OCHOBI TOYKOBOTO sifipa, 6y10
pOo3po6/IeHO Ta peani3oBaHO HOBUIL aJITOPUTM OLIiHKM
I1]] B cuctemi MopienoBanHA B peanbHOMY 9aci HVRC
VRdose. HoBuit anroput™ BuMarae 6inblnx 06491CIio-
BaJIbHUX PecypciB, ase 3abesnevye OinbIy rHy4KicTh
i 6ib11 TowHI pe3ynbraTu. [l Baifarii HOBOro aaro-
puTMy Oy/I0 IIPOBEfIEHO MOPIBHAIBHMIL AHATII3 pe3yIb-
TaTiB PO3PaxXyHKiB 714 IPOCTUX CUTYaIlill OIPOMiHEHHA
3 Bukopuctanusam ChNPP VRdose Planner Pro 3 pe3yib-

TaTaMM po3paxyHKiB y MicroShield (Bepcii 5 Ta 6) Ta Ha
oHaltH-KanbkynaTopi Rad Pro Calculator [8]. Pesynb-
TAaTy aHaJIi3y MOKA3YIOTb, IO [/Is OiNbIIOCT] 3araTbHUX
3aBlaHb PaJiallifiHOTO 3aXJICTy Ha ANEPHUX YCTAHOBKAX,
HOB’I3aHIX, 30KPeMa, 3 TeXHIYHUM 00CTyTOBYBaHHSAM,
3yNMHEHHAM ab0 BUBeAeHHAM 3 ekciryaranii, ChNPP
VRdose Planner Pro 3a6esneuye Trouny ouinky I1J]y pe-
anpHOMY 4Yaci. KpiM Toro, BicOKa NpOAYKTUBHICTD Ta
MPOCTOTA BBeleHHs BUXigHUX faHuX pobuts ChNPP
VRdose Planner Pro edexTuBHMM iHCTPYMEHTOM MJIA
BIUpIlIeHH TaKNX 3aBJAHb:

MOJI€TII0BaHHA YMOB BIIINBY, 1[0 [MHAMIYHO 3MiHIO-
I0ThCA;

ollepaTyBHe HaflaHHs iHGopMaLil A/IA TPUIHATTA
pillIeHb y CTPECOBUX CUTYaLifAX;

OIITMMi3alis poOOUYNX 3aBAHD Y PEXXMMI peabHO-
TO 4Yacy 3 NOITIAAY pafiallilfHOTO 3aXMCTY;

MOJIe/IIOBaHHSA B pealbHOMY 4Yaci [/I HABYaHH:A Ta
IHCTPYKTaXXy epCOHAY.

VY 6araTbox gogaTKax 1i MOXK/IMBOCTI JAIOTh Be/N-
4Ye3Hi IlepeBary B MOPiBHAHHI 3 OI/IbII CKIaJHUMU MO-
HensAMY, 3aCHOBAaHMMI Ha [eTaJlTbHOMY MOJ€NTI0OBAaHHI
IIepeHEeCEeHH A BUIIPOMiHIOBaHHA.

ITo6ynoBa KOMIT'I0TEepPHOI MOfieNli B Mporpami
ChNPP VRdose Planner Pro

MogenoBaHHs 3IiMICHIOETbCS B Oe3mocepefHbO
iCHyI04OMY cepefloBMILi TP ONTMMi3allil 3aXMUCTY Bif
raMMa-BUIPOMiHIOBaHHS Ta JJa€ MOX/IMBICTD HiJJTOTOB-
KM 3BIiTiB po mIauy po6oTH 3 oLjiHKamu f103. Metonuka
0OYOBY MOJEi 3BOAUTHCSA IO TAKMX OCHOBHMUX €TaIIiB.

ITo6ymoBa TpuBMMipHUX Mofeneli OyiBeTbHIX
KOHCTPYKLiT 06€kTa «YKPUTTsI» 3aco6amMy KOMII'10-
TepHOI rpadiku y popmari ¢aiinis *vrml, *.dae, *kmz.
BuyTpimHiit ¢popmar ¢aiisa, 10 BUKOPUCTOBYETHCS
nnsa 3D-mopeneit y 6anky mopeneit nporpamu ChNPP
VRdose Planner Pro — ISO VRML97 (MmoBa MozenioBaH-
HA BipTyanbHOI peanbHOCTi). Tako)x MoXXHa iMIopTyBa-
T MOJeTIi, 1[0 30epiraloThbcs B Aefai MOMy/IspHIMNX
¢opmarax COLLADA (DAE — Digital Asset Exchange)
ta KMZ. Bararo makeriB CAIIP ta 3D-MomenioBanHA
MOXYTb €KCIIOPTYBaTy AaHi 7o nux ¢opmaris. binb-
HIiCTh OHJIaliH-apXiBiB 3D-Mopenel MIpONOHYIOTh MO-
festi AK MiHIMYM B OHOMY 3 IMX TPbOX (pOpPMaTiB, IO
HiJTPUMYIOThCH.

Bumipropanns IIJI. PeanpHi BumiproBanusa I1]]
MOXXHa iMImopTyBatu [0 6asy JaHMX BUMipIOBaHb
ChNPP VRdose Planner Pro i ix moxHa Bisyamisysarn.
Crnig HaTONMOCKUTH, 1[0 PO3MIMPEHA Bisyalisallis pesyb-
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TaTiB TaKa X BaXK/IMBA, fIK i Cy9acHe MOJIe/TIOBaHHA Ilepe-
HeceHHA BunpomiHooBaHHA. [le 3abesneuye edpekTuBHY
HigTPUMKY NPUIHATTA pillleHb Ta IJITaHyBaHHA 3aXO0fiB,
NOBsI3aHMX i3 pafianiiHoio Hebesmekom. Y 2021 p. mo-
4aBCsA IpoLleC IPOEKTYBaHHA 3aXO0fiB i3 JeMOHTaXKy He-
cTabi/IPHUX KOHCTPYKILiit 06'ekTa « YKpuTTs». Ha mepiuo-
MYy eTalli IPOEKTyBaHHs Oy/I1 BUKOHAH] TepeIIpOeKTHI
TOCTi/I>KEHHA XapaKTePUCTHUK pafiialliifiHOrO CTaHy B 30-
HaX BUKOHAHHs Oy/jiBe/IbHO-IeMOHTa)XHMX pobit (3BP).
Bigmosinui papianiitHi focnifkeHHs 6Y/10 BUKOHAHO
¢axisuamu II1Ib AEC y mepios BepeceHb — TpyZHeHb
2021 p. OCHOBHOI MeTOI0 IXHBOTO NPOBEAEHHs OYI0
OTPUMAHHS IOCTATHbOI KiZIbKOCTi BUXiTHUX JAHUX A1
IPOEKTYBaHHS Oy/iBeTbHO-IEMOHTAXHOI [{isI/IBHOCTI
y 3BP. Ilig yac npoBefeHH: pafianiiiHNX BUMipIOBaHb
TOCTiKyBanNcsA TaKi IapaMeTpu:

BenmnuuHy 1]l raMMa-BUIIPOMiHIOBaHHS;

KYTOBi pO3IOAi/IEHHA raMMa-BUIIPOMiHIOBaHHS;

XapaKTepUCTUKM IOBEPXHEBOro 3abpyaHeHHs 3BP;

o6’eMHa aKTUBHICTb pafioHyK/ifiB y moBiTpi 3BP.

Papianirini jocmifi>KeHHA 34i/ICHIOBaNINCA Y CKIafl-
HUX pafianifiHuX yMoBax. 3 Lji€l IpUYMNHM Nepe] I04aT-
KOM JIOCTIi/[>KeHb OY/I0 IPUITHATO HU3KY HPUHIUIIOBUX
IOJIOXKEHD, SIKi, 3 OffHOTO OOKY, 3a6e3Ie4n /i BUKOHAHH
BCbHOTO 00CATY BUMIpIOBaHb, HEOOXiJHOTO /151 IPOEKTY-
BaHHSA, a 3 IHIIOrO0 — MiHiMi3yBa/u 03U OIIPOMiHEHHS

[ WVRC VRgose Pisnner Proc Werk AsearEany dsmanting Work Ares0SWtn
Fle Edt View Camera Scerwio Tock Window Hep

wnt
2. 142mEeh

nepcoHany [19]. Orpumasni gani I1]] ctanu miprpysTam
IJ1s1 po3pOOKY MPOEKTHUX PillleHb LIOLO0 «PAHHDBOTO»
IEeMOHTa)Xy HeCTabiIbHUX KOHCTPYKIIilL, a TAKOX J/Is
PO3pOOKIM MOJieTTi, 1110 OIMCYEThCA B I1ilt po60Ti. Pe3ynnb-
TAaTy pafialiliHNX JOCIi/KeHb OYAyTh BUKOPUCTAHI Iift
4ac po3pOOKY TEXHOTOTIYHMX MPOEKTHNUX PillleHb, 3a-
XOJIiB 3 eKpaHyBaHHSA poOOYMX MiCIlb, OLIIHKY JO30BUX
HaBaHTa>XeHb, 3aXOfiB 1[OI0 MiHiMi3aLil pafgianifiHuxX
BIIIMBIB Ha IIePCOHAJ i JOBKI/I/IA Ta MiATPMMAHHA Ha-
SIBHOTO piBHA pajianiitHoi 6e3meKn.

ITig yac BUKOHAHHS pajianitHux ob6cte>xeHb 3BP
Oynu saikcoBaHi pagianiliHi mapaMeTpy Ha 9ac BUMipIo-
BaHb, IPOTE peasbHi MOKa3HUKY pajlialiliIHOTO CTaHy
B 3BP mip yac eMOHTa)Xy HecTabiTbHUX KOHCTPYKIiit
MOXYTb BifipisuaTucs. lle 06yMOBI€HO THM, 110 AisTb-
HICTD 3 JIEMOHTAXXy IIpM3Befie KO 3MiHM KoHQirypamii
IIPOCTOPOBOTO PO3INOfiTy FTaMMa-BUIIPOMiHIOBaHHA BCe-
penuHi 06’€KTa « YKPUTTSI», OCKI/IBKY Oy Ay T Iepeminty-
BaTHCA MacHBHiI KOHCTPYKIIii Ta BUFAIATUCSA 3aBajy, 1O
MICTATD BUCOKOAKTUBHI Bigxonn. 3 1€l npmamHM A
pospaxyHKy I1]] raMMa-BMIIPOMiHIOBaHHA ITifl YaC BUKO-
HAaHHS POOIT IPOIIOHYETHCS 3aCTOCYBATH IIPOTPAMHUIL
nponykt ChNPP VRdose Planner Pro. Bumipsni sHa-
yeHHA [I]l raMMa-BUNIPOMiHIOBaHHS MOXXHa BBOAUTH,
HepernAfaTi Ta KOHTPOJIIOBAaTH Y BiKHi «BuMiproBaHHA
noTy>XHOCTI fo3m» (Dose-Rate Measurements) (puc. 1).
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Papianiiini o6’extu. IInaHnyBajibHMK MOXe Bi-
3yanisyBaTy BUINPOMiHIOBaHHA. BuUIpoMiHIOBaHHA
PO3PaxOBY€EThCA Bifj I Kepen Ta €KpaHiB y cljeHapii.
Kopucrysau mae 3amory obparu ¢popmy mxepena BU-
NIPOMIHIOBaHHSA: TOUKOBE J)Kepesio, MiHillHe JXepeno,
I>Kepero i3 3aKkpuTom Mogennio. KoxxHe gkepeno mMae
MEeBHUI 130TOMHMI CKJIaJ] Ta aKTUBHICTD. [lo mxepena
MOXXHA JIOfjaTV eKpaHYBaHHs, sIKe BifIIOBifa€ 00’€KTY,
IO OTOYYE JKepesno, Hampuknag Tpy6i. I[lonoxxenus
IoKepeja MO>KHa BCTAHOBUTY B MOJIeTi TaK CaMo, AK i Jid
iHIIMX 00’EKTIB.

Kanpkynarop papianii — e Habip Ka/JbKyIATOPIB
miis pospaxyHKiB I1]] sTiZHO 3 METOZOM pO3paxyHKY, 3a-
KJIafleHUM Y HboMYy. Ka/IbKy/IsiTOpy MOXXYTb BUKOPUCTO-
BYBaTH JIKepera Ta eKpaH! Ha MicCIli IOAlii, BUMipIOBaHHA
I1]T a60o KapTK¥ 031 SIK OCHOBY Ji/Is1 PO3PaXyHKIB.

Source Activity Editor — «KanbkyasaTop akTUBHOCTI
IKepemn» — Iie iIHCTPYMEHT [/ 3MiHM aKTMBHOCTI fI>Ke-
peJl 3 METOI0 Y3TOI KE€HHA PO3PaxXyHKOBUX 3Ha4eHb I1]]
3 eKCIepUMEeHTa/IbHYMY BUMIPIOBaHHAMMN. IHCTpyMeHT
CKJIAJIA€THC 31 CIMCKY BCiX JpKepesT MOfierti 3 1iBOro 60Ky
i cnucKy BUMiPIOBaHb, AKi BUKOHYBaJIMCh Y TPUMillleHH,
npaBopyd (puc. 2). € MOX/IUBICTD 3MiHIOBaTK IapaMe-
TPY OKPEMMUX JKepeTl BpyYHY, ajle IS CKIalHOI MOfieNi
1ieif ITPOoIieC MOXKe Oy TI JOCUTD CKTaZHUM. Y IIbOMY BU-
IaJIKy Ha OCHOBi HabOpY BUMipIOBaHb, HAOOPY H>Keper

w Camers Scenano Tosl

Ta iHpopMallii Ipo eKpaHyBaHHS MOXXHA aBTOMATIYHO
3MIHUTM aKTUBHICTb OKPEMUX JKepeI TaK, 100 pe3yb-
TaTy po3paxyHKy I1]I 6ymu 61M3bKuMM IO BUMIpAHUX.

IIpuxnanyu BU3SHa4eHHA KiNTbKOCTI, TapaMeTpiB Ta re-
OMeTpii po3MillleHHA [)Kepe TaMMa-BUIIPOMiHIOBaHHA
ommcani B poborax [20, 21]. BiznosigHa kaprorpama
HOTY>XHOCTi aMOi€EHTHOTO eKBiBaJIeHTa [03M, AKa IO-
OynoBaHa 3a HifgibpaHMMM JAaHUMM JPKepea raMma-
BUIIPOMiHIOBaHH, HaBeJleHa Ha puc. 3.

3amina MeTopy no6ynoBu kaprorpam II]] 3a 3Ha-
yeHHAMM [1]] y TOYKax BUMipIOBaHHS METOZIOM iHTep-
nosALil Ha Mo6yOBY 3a Migi6paHNMM HaHUMU JXKeper
raMMa-BUIIPOMIHIOBAaHHS 32 IONIOMOrox0 Source Activity
Editor nae MmoxnuBicTb posdpaxoByBaTu I1]] mmix dac fe-
MOHTaXy Oy/jiBeIbHIX KOHCTPYKIIiit, TOOTO 3MiHM eKpa-
HYIOYMX BJIaCTUBOCTEN MOAIE/I.

ChNPP VRdose Planner Pro gnsa HaB4aHH#A
Ta MOJETIOBAHH A

CporopHi HaBYaHHA € OlHNM i3 HAMIIONy/IAPHIMINX
HAIPAMIB TOCiIKEeHb y Taly3i BipTya/nbHOL peaJbHOCTI
(VR). besneune BipTyanbHe cepefoBIIIe MOXKe BUKOPH-
CTOBYBATHUCS /151 MOZE/IIOBAHHS PeaJbHOTO a0 ITaHO-
BaHOTO CepefjOBMIIIA, AAKEe HAATO HebesIedHe, CKIagHe
abo fopore [ HABYaHH. ICHY€ MOTeHIia A/ MiBU-
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(6 HVAC VRgose Piannes Pro: Aotk Aveararly Sismantiing Wode AuesOSWzEn
File fd2 View Ca

LR

Puc. 3. Kaprorpama I1]I (M38/r) Hag 113, mobynoBaHa 3a mifgibpanuMu faHUMM JKeper
raMMa-BUIIPOMIHIOBAaHH 3a Jornomoromw Source Activity Editor

I[eHHsI CTAaH/[apTiB 6e3meKy, mifiBNIeHH s eeKTUBHOCTI
Ta 3HVDKEHH 3araJIbHNMX BUTpaT Ha HaBuyaHHA. HaB4an-
Hs1 Ha OCHOBI BIpTya/IbHOI peasbHOCTI 0cO6/MMBO KO6pe
MiXOAUTD A1 CUTYalliil, KO Ba>K/IMBi KOTHITUBHI Ta
IPOCTOPOBi HABUYKI.

Texnonoria VR 4acTo BUKOPUCTOBYETbCSA J/1A CTBO-
PeHHA TpeHa)kepiB. 3HaHHS, 3aKOJJOBAHI B TAKUX CHCTe-
Max, 3a3BI4ail OPiEHTOBAHI /IMIlle Ha Te 110, 106 J03BOMN-
TH CEpeOBUIY MOZETIOBAHHA MOBOJUTHCS PeAIiCTUYHO.
Xo4a B IIUX CHCTEMaX 3a3BMYall HEMa€ iHTeTpOBaHOI Mif-
TPUMKM KOMITIOTEPHOTO HaBYaHHSI, BOHV MOXYTb IIPallio-
BaTy [apaje/IbHO 3 TAKMMU CUCTEMaMM, SIK KOMITI0Tepy-
30BaHi CUCTeMM IPOLEAYP, A/ MOJIMIIEHHA HaBYaHHA.
i cucreMn 3asBuvalt ynpas/sa0OTbCA B IPUCYTHOCTI JO-
CBiffyeHoi mopHK-1HCTpyKTOpa. HaB4yanbHi cucTemu Bip-
TyaJIbHOI PeaIbHOCTi MOXYTb IIITH 11 [ajli, iIHTeTpy0un
iHTenexTyanpHi PyHKIIil KOMITIOTEpPa HABYAHHSA 3 CUMY-
nAaropoM. Ha gogaTok 1o oBeiHKOBUX 3HaHb CUMYJIATOP
MO>Ke MaTy 3HaHH: IIPO IpaBUIbHI a60 BifJIOBIAHI peak-
1ii Ha cuTyauii, Ay TOro 106 C1cTeMa MOITIa HallpaB/isi-
TV Y4HA a00 [/Is1 HABYaHHS IPaBUIBHOI IPOLEAypy, a6o
IJIsL JOTIOMOTY KOPUCTYBaYeBi y BUKOHAHHI BiITIOBiTHNX
Kopuryounx fii [7]. Taki crcTeMyu MOXYTb BUKOPUCTO-
BYBAaTUCA 3 iIHCTPYKTOPaMM B K/Iaci, ajie TAKOX MOXKYTb
BUKOPYCTOBYBATICS CTAXKUCTAMU Ji/1s1 epeKTUBHOI IIpaK-
TUKY 6e3 IPUCYTHOCTI TIOANHU-IHCTPYKTOPA.

BucHoBkmu

3aco6amu mporpamu ChNPP VRdose Planner mo6y-
[OBaHa TPUBUMIpHA MOJie/Ib 30BHIIIHBOI 0OOIOHKY I10-
KpiB/Ti 06'€kTa «YKPUTTs» 3 OY/§iBeIbHUMM KOHCTPYKIIisl-
M, IO MAIOTh B/IaCTMBOCTI 3aXMCHUX €KPaHiB, a TAKOX
mifiOpaHNMU JAHVMH J[Kepes raMMa-BUIIPOMiHIOBaHHSL.

Metopu 3D (Tumny BipTyanbHOI peaqbHOCTI) € I0-
TY)XHMM i IPOCTUM JI/Is1 PO3yMiHHs 3ac060M Bisyasisamii
PO3IOAiny 3aranbHOI Ta pafioizoronHoi I1]1, ocob6mmBo
B CKJIAJHUX A€PHUX CEPENOBUINAX.

IToindopmoBaHicty mpo posmopin IIJI ramma-
BUIIPOMIHIOBaHHA Bifi paJjioHYKIIi[liB Ma€ 3aCTOCYyBaH-
Hs 11/} 9aC TeXHIYHOTO 0OC/TyTOBYBaHHSA Ta JEMOHTAXY
00’eKTiB 3 papmialitHO-sAgepHUMHK TexHOmorismu. Le
Ba)KJIMBO /IS CY>K6 pajiialiiiiHOTO 3aXMCTy Ta iHXeHep-
HUX NigpO3JiNiB, AKi IIaHYIOTb KOMIIJIEKCHI BTPY4YaH-
Hs1. VIoro TaKoX MOXKHA BUKOPUCTOBYBATH K OCBIiTHiil
IHCTPYMEHT /11 HABYAaHH/TPeHyBaHH, {00 IepefaTu
Halikpamii npaktukn ALARA.

IIporpaMHMII KOMIIZIEKC € 3pYYHMM Ta HAOYHMM 3a-
COOOM JI/Is1 IPOBEfIEHHS SIK PO3PAaXYHKIB OLIiHEHNX 103
OIIpOMiHeHHs B pajialiiHO HeGe3meYHNX YMOBAX, TaK
1 YMOXX/IMBIIO€ MIBUJIKE Ta HAOYHE MOJEMIOBAaHHA aJlb-
TepHaTMBHUX BapiaHTiB BUKOHaHHA POOIT, TOOTO Aae
3MOTY NMPOBOAUTY ONTUMi3allilo MPOLleCY BUKOHAHHA
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pOOIT Ta HOBeAiHKY IepPCOHaNy B pafiianiiiHo Hebe3mey-
HMX YMOBaXx.

3acTocyBaHHA 1Ii€l IPOCTOPOBOI MOAiei PO3NOAITY
raMMa-BUINIPOMiHIOBaHHSA [/Is MOJE/NI0OBaHHS pajiialliii-
HMX YMOB IIifi 9YaC IIJITaHyBaHHA Ta BUKOHAHHA MOHTaX-
HUX OIlepallill, a TaKOX oIlepalii 3 06cnerByBaHH;1,
PEMOHTY Ta 3aMiHU 00/ajHAHHA B pafiialliiiHO Hebe3-
HEYHNX YMOBAX 00 €KTa «YKPUTTS» JACTh 3MOTL'Y:

ONTMMi3yBaTy IPOEKTHI pillleHHA JEMOHTaXy He-
cTabibHIX KOHCTPYKIiif;

pO3paxoByBaTy Ta ONTUMIi3yBaTy CTPYKTYpPy pajia-
L[i/IHOTO 3aXMCTY IIEPCOHATY;

3MEHIINUTU BifIMiHHICTb IMOKAa3HUKIB pafianiriHoi
00OCTAaHOBKM IIiJ] YaC IPOBEe/IeHHS MePENIIPOEKTHUX JI0-
CIIi/I>XKeHD BiJ] pea/IbHNX 3HaUY€Hb;

CTBOPUTHM iHTE€PAKTUBHMII MPOTpaMHUI KOMIITIEKC
IJ1A BeTaJIbHOTO HaBYaHHA Ta MiJTOTOBKM IIEpCOHATY
B HaBYa/JIbHO-TPEHYBaJIbHOMY LeHTPi YOpHOOUIbCH-
kol AEC.

Cricok BUKOPHUCTAHOI TiTepaTypu
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Three-Dimensional Modeling as a Tool
for Improving the Safety Culture During Work
at Radiation-Nuclear Facilities

As work is planned at the Shelter object (SO), minimizing
doses to the personnel involved in these work is of great im-
portance. This is of particular importance for the construction
work with the dismantling of the structure, which is charac-
terized by large collective effective doses, which are taken by
the personnel during the hour of its implementation. The need
to assign personnel doses, as well as optimize approaches to
the radiation protection and, first of all, biological protection,
is related to this already at the design stage. As the radiation
situation will change during the dismantling of unstable struc-
tures, design solutions must take into account possible changes
in the radiation dose when planning protective measures.

To determine the intensity of the gamma radiation dose, a
method of mathematical modeling based on the “point kernel”
model is proposed. This approach makes it possible to carry out
calculation and analysis of the radiation situation practically
in real time.

By means of the ChNPP VRdose Planner Pro program,
a three-dimensional model of the SO roof outer shell with
selected sources of gamma radiation and building structures
with the protective screens properties was built. The radiation
situation analysis was made and a radiation field visual display
above the roof was shown. Models of building structures were
created, which to some extent shield gamma radiation ema-

nating from the SO Central Hall. Three-dimensional model-
ing of the early dismantled building structures was carried
out using the program ChNPP VRdose Planner Pro v. 2.2.2.
The application of methods of modeling radiation conditions
during planning and execution of work in radiation-hazard-
ous conditions will make it possible optimizing design solu-
tions regarding the dismantling of unstable structures of the
Shelter object, as well as optimizing the structure of radiation
protection of personnel. The software package is a convenient
tool for performing calculations of estimated exposure doses
in radiation-hazardous conditions, enables quick and visual
modeling of alternative work execution options, and enables
optimization of the work performance process and person-
nel behavior in radiation-hazardous conditions. Based on
the simulation, it is possible to create an interactive software
package on the Chornobyl nuclear power plant training cen-
ter for detailed personnel education and training. The results
of the radiation situation analysis can be used in the perfor-
mance of work planning in radiation-hazardous conditions
to ensure the personnel protection in accordance with the
ALARA principle.

Keywords: ChNPP VRdose Planner Pro v. 2.2.2, gamma
radiation, Shelter object.
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TemnepaTrypa 6eTOHY HABKO/IO TPaHUIb 30HU TOKaTi3alii
sAAepHO-HeOe3NMeYHNX CKYITYeHb MAaTMBOBMiCHUX MaTepiatiB
B 00’eKTi «YKpuTTsA» YopHOoOMIBCHKOT AEC

Knrouosi cnosa:

Yopuoobunbcoka AEC,

HOBUII Oe3neYHnit KOH(GATHMEHT,
06’eKT «YKpUTTSI»,

IaJIMBOBMICHI MaTepianu,
Temreparypa 6eTony,
perpeciiinuit aHanis,

KoeillieHT Kopenil

IIpoBeneHo anami3 faHUX, OTPMMAaHKX 3a JOIIOMOTOI0 €KCIIEPTHO-OCIIIHOL CUCTEMU
I[OfI0 TeMIlepaTypy 6eTOHY HaBKOJIO TPAHUIIb 30HY JIOKaTi3aliii sgepHO-HebesmedHnX
CKyII4eHb nanynBoBMicHux Martepianis (IHC IIBM) y npuminienHi 305/2 3pyitHoBaHO-
ro 4-ro enepro6moka Yopuobunscekoi AEC. JocmigkeHo 3aranbHi TeHeHI[ii 3MiHN
TeMIIepaTtypy BIpofoex 2017-2023 pp. 3pificHEHO NMOPIBHAHHA Pe3y/IbTaTiB aHami-
3y 3 HaHUMU, OTPMMAHUMIU 3a JOIIOMOTOK iH(pOpPMaLilTHO-BUMipIOBa/JIbHOI CUCTEMU
«DiHiI» KO BBefieHHS B €KCIUIyaTal[il0 HOBOrO 6e3revHOro KoHpaitHMeHTa 06 €KTa
«Yxpurta» (komnekc HBK-OY). Busunadyeno Tpenpu 3Mminu Temmneparypu gns 16 to-
9OK KOHTPOI. 3p0o6/IeHO BUCHOBKM IIOJO OCOOIMBOCTEN (POPMYBAaHHS AMHAMIKI
TeMIIepaTypy B PisHUX HaIPAMKax posciroBanH:A Temna Big AHC IIBM micnsa BBefeH-
Ha xommnekcy HBK-OY B excmryaranifo. YCTaHOB/IEHO, IO HaBKOJIO IPAHNIIL 30HMU
noxanisauii STHC IIBM goci 36epiraroTbcst rpafieHTI TEMIIEPATyp, 110 3ab6e31eIyoTh
OXONIOJKEeHHA CKym4eHb IIBM 3 BrCOKMM BMicTOM ypaHy B npumimenHi 305/2. Bucy-
HYTO IPUIYIEHHA I[Of0 IPUINHEHHA NOJaNIbIIOrO CTaJIOTO 3POCTAHHA TeMIIEpaTy-

pu 6eTOHY i peaKTOPHOI IINTH, IO CIIOCTEPIranoch yrupoposx 2017-2021 pp.

Beryn

IlaHi CTOCOBHO POSIOAiNy TeMIepaTypyu HaBKOJIO
TpaHMIIb 30HM JIOKa/Ti3alii AepHO-He6e3MeYHNX CKYII-
4yeHb nannBoBMicHMX Marepianis (AHC [IBM) y nmpumi-
meHHi 305/2 3pyitHOBaHOrO 4-ro eHepro6moka YAEC
[1-5] orpumaHi B mporieci BUKOHAHHsI 6araToOpivHNX Ha-
YKOBUX JOCTIi/I>)KeHb Ha 00’€KTi «YKPUTTs» i Ha/le>XaTbh
0o IBOX IepiofiiB MOHITOpMHTY TeMmnepaTypu. Ilepmmit
OXOITIOE TIePiOf] 4acy 3 MOMEHTY Oy/[iBHUIITBA 00’ €KTa
«YKPUTTA» i 10 IOYAaTKY CTBOPEHHA KOMIIIEKCY «HoBmit
OesmeuHNiT KOHMATHMEHT — 00'€KT «YKpUTTA» (Ham —
komitekc HBK-OY), npyrnit — micnsa BBefileHHA KOM-
nnexkcy HBK-OY B excrimyaTaniro 1o Tenepinraboro 4acy.

YrpopoBs:x mepuroro nepiogy Moniropusry (1988-
2015 pp.) 6yn0 cTBOpeHo 6a3y HaHUX BUMIpIOBaHb TeM-

HepaTypy, BUKOHAHUX 3a JOIOMOro iHpopMaliinHo-
BuMipioBanbHoi cuctemu (IBC) «®DiHinmm, Ta mpoBefeHO
KOMIIJIEKC aHAIITUYHUX HOCTigKeHb [2-4], mo gano
3MOTY BU3HAYNTV OCHOBHi 3aKOHOMipHOCTi GOpMyBaHHSA
AMHAMIKV TeMIlepaTypy B 6eTOHI BHAC/II/JOK pO3CitoBaH-
Hs B HABKOJIMIITHE CepefIOBIIIE 3a/TMIIKOBOIO €HEPrOBI-
TiZeHHA BiANpalbOBAaHOTO ANEPHOrO MaaNBa y CKIafi
AHC IIBM.

Ixepenom indopmaii, oTpMaHOi BHPOOBX APY-
TOro INepiofy MOHITOPUHIY, € pe3y/lIbTaTy BUMipIOBaHb
TeMIIEpAaTypM, BUKOHAHMX 3a JOIOMOIOK0 €KCIIEpTHO-
nocnigHoi cucremu (EJIC), sixa 6yna cTBopeHa 3aMicThb
BuBefieHo1 3 ekcrnyaranii IBC «®inim» [5]. Lle 6yno
HOB’A3aHO 3 TUM, IO MiJi YaC BUKOHAHHSA MiJTOTOBYNX
poOIT o BBefieHHA B eKcIUTyaranifo komiiekcy HBK-OY
marunky IBC «Pinium 6y1o 1eMOHTOBAHO 3i CBEpIOBUH

© O. B. Muxaiinos, A. O. [lopourenxo, M. L. Ilapmouenko, C. A. Atrapss, 2023

20 ISSN 2311-8253 Nuclear Power and the Environment Ne 2 (27) 2023



Temmeparypa 6eTOHY HaBKOJIO I'PaHMIIb 30HU JIOKaTi3allil siflepHO-Hebe3eYHNX CKyTYeHb

IJ14 pOo3MillleHHS Ha IXHe Miclle JaTYMKiB BUMIpIOBaJIb-
Hux KaHaniB (BK) cucremn koHTpONIO siepHOI He3mekn
(CKZDB) inTerpoBaHOi aBTOMaTM30BaHOI CUCTEMU KOH-
tponio (IACK). Ane B nepeniky 3aBganbp CKAB IACK
KOHTPOJIb TeMIIepaTypu He nepepdadascs. [IoHOBIeHHS
KOHTPOJIIO 33 TeMIIepaTyporo HaBKojo rpaHuns AHC
IIBM 6yro 3piiicHeHo 3a gsonomoro EJIC, mobynosanoi
Ha 6asi obmaguanssa IBC «®inim». Jarankn EJC 6yno
PO3TAILIIOBAHO Y CBEPAJIOBMHAX, SIKi Oy He 3ajisHi ais
BCcTaHOBNIeHHA 670KiB fleTektyBanHa CKADB IACK. 3a
nepioxn po6oru EJIC 6yna HakondyeHa HOBa 6a3a IaHUX,
OffHAK KOMIIJIEKCHOTO aHajIi3y pe3y/IbTaTiB BUMipDIOBaHb
3a Bcima parumkamu EJIC, posTamoBaHMMHU HaBKOJIO
SHC IIBM, He npoBopunock. leski ocobmmnBocTi au-
HaMiKJ TeMIIepaTypy B O€TOHI MiC/Is1 CIIOPYI>KEHH S KOM-
mnekcy HBK-OY 6y10 BigMideHo B po6orti [5] muure s
OKPEeMMX TOYOK KOHTPOJIIO.

MeTo10 po6OTH € KOMIUIEKCHIIT aHATI3 JaHUX, OT-
pumanux 3a gonomoroo EJIC, i gocnimxenHsa TeHmeH-
1iit moxo ¢opMyBaHHA JUHAMIKM TeMIlepaTypy 6 TOHY
HaBKoOJIO TpaHuUb 30HU nokanisanii AHC I[1BM micna
BBeJIeHH B eKcIUTyaraniro kommnnaekcy HBK-OY.

OO0’eKTI Ta METOMM KOCTIKEHD

IIxepenom iHopmaii mono TeMIepaTypy HaBKOIO
rpanuis 3ouu nokanisanii IHC IIBM y 6etoHi mifpe-
akropHoi Ty (I1I1) micns BBeeHHA B eKCITyaTalito
xomiiekcy HBK-OY 6yna 6asa fjaHuX BUMipIOBaHb,
BukoHaHMX 3a gornomoroio EJIC. EJIC 6yna cTBOpeHa

i BBefleHa B eKCIUIyaTallilo Iifi 4ac BUKOHaHHA pobiT
3 HaYKOBO-TEXHIYHOTO CyIIPOBOAlY Ha eTaIlaX BBEeJleHHA
B €KCIUIyaTallilo Ta ekcrryaranii komnnekcy HBK-OY
B yacTyHi MoHiTopuHry IIBM (2018-2023 pp.). ¥ ckmapi
EJIC, xpiMm aT4nKiB TeMIlepaTypH, € O10KM HeTeKTyBaH-
HA WinbHOCTI noToky HewTpowis (IITH) i moTyxHOCTI
excrosuuirinoi fosu (ITEM) raMMa-BUIPOMiHIOBaHHSI.
3aranpny cTpykrypy EJJC mokasano Ha puc. 1 y Burnsaai
6710K-CXeMIL.

Jlo Habopy BK, 1m0 MmoxxyTb 6yTnt migxmodei (5o 30),
EJIC e inBapianTHOW0. CTaHOM Ha 2023 p. 6a30Ba Ki/IbKicTh
BK cranoButs 22, y Tomy uncri: 4 BK xourpomno IIIIH;
2 BK xonTpomwo IIE]I; 16 BK konTpomio Temneparypu. Ko-
OpAVHATY YCTAHOBKY JJaTYMKIB TeMIIepaTy pu, AKi CbOTOf-
Hi BUKOPUCTOBYIOTbCA i/ IIPOBEICHH BUMIPIOBaHb, Ta
cxeMa IXHbOTO PO3TAallyBaHHA B MPOEKLI] HA IUIOLUHY
BUCOTHOI BifiMiTKM +9,0 M y OyziiBeIbHUX OCAX OyAiBiIi
4-ro eHepro610Ka, HaBefleHo B TabL. 1 i Ha puc. 2.

Ilani BUMipIOBaHb TeMIIEpaTypy, OTPUMaHi 3a Jo-
nomoroto EJIC 3 04.05.2017 no 07.08.2023 pp., 6y70 mo-
CIiZI>)KeHO J/1s BU3HAYeHHs AVHAMIKY CepefHbOMICAY-
HOTO 3HAYeHHS TeMIIePAaTypy B TOUYKaX KOHTPOIIO (JUB.
Tab71. 1), IpOBefieHHs perpeciiiHoro aHaIi3y i H00yLoBU
rpadivHNX 1MIOCTpanill i3 BUKOPUCTAaHHAM CTaHAAPT-
Hux QyHKuin mporpamu Excel 2003. [I151 Ko>XxHOI TOUKMI
KOHTPOJIIO (JaT4MKa TeMIrepaTypu) 6ys1o oLliHeHO cepef-
HbOpiYHe 3HaYEHHs TeMIIepaTypH, a BUSBICH] TpeH U
CepelHbOMICAYHNX 3Ha4Y€Hb ONMCAHO PiBHAHHAM pe-
rpecii 3 OIIiHKOI0 JOCTOBIPHOCTI allpoKcUMaLii miHilTHOO
¢byHK1ieo 3a BemmunHOW0 R,

Criika KAMAK
(Komnneke nonepeaHLoi
oBpoBKkK AaHUX)

Huckpumisatop 1202

i IHTeHcumeTp 1301A

+12B

+ 200 B

Bnok xueneHHn 058

Bnok xuveneHHa 1904

CraHuin 36opy
NaHnx
DX230

Bnoku Enoki KaGeneHi
AETEKTYBAHHA nonepegHLol Tpacu
06pobku curHanie
— M, LLIka LLIka
KHK-15 | MonepegHii | n e A[b
niacunioBay Mocr. —
BIK-1
- Imn.
KHK-31 MonepegHin | = Lkadp|—LLikady
(KHT-54) | nipcvniosay 9ET. o A
+200B
XONOAHUX
cnaie
LLkas LLka
T 018-04 ﬂ(}a_ ACP
TepMO30H[,

Puc. 1. bnok-cxema EJIC
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Ta6muusa 1. KoopguHaTy ycraHOBKM JaTYNKiB KOHTpoIo Temneparypu EJC

. Miciie BCTaHOB/IEHHS BaTYMKa TeMIIEPATypU

Ne BK zzﬁlf;fﬁgi:;io HajiMenyBaHHs Koopaunara rientpa
CBEPIIOBMHN BucorHa BigMiTKa, M Bicp Pan
5 304/3 3-9-P 8,9 45, W,
6 304/3 3-9-P +8,9 45 W,
7 305/2 10-12-109 +13,1 46, V0
8 305/2 10-12-109 +12,9 46, W,
11 305/2 10-9-B +8,8 45 .,
12 304/3 10-9-B +8,8 45 V0
13 305/2 10-9-B +8,8 46, W,
14 304/3 10-9-B 18,8 46, n,,
21 307/2 10-9-B +8,8 45 K0
23 305/2 10-12-83 +12,0 46, K 00
25 210/5, ITPK* - +6,5 45 .,
26 210/5, IIPK - +6,5 45 Vo,
27 210/6, TIPK - +6,5 46, Y,

* ITapoposnopinbHMit KOPUAOP

Pesynbrary Ta 06rOBOpeHHA

PesynbraTyt cTaTUCTUYHOT 0OpOOKY JAHUX, OTPUMa-
HuX 3a gornomoroo EJIC, nanu 3Mory oniHuTI 0co6/1-
BOCTi IMHAMIKI CE€PeJHbOMICAYHOI Ta cCepefHbOPIYHOI
TeMIIepaTyp HaBKO/O rpaHub nokanizanii AHC [IBM
y 6etoni I1II Bmpomossx 2017-2023 pp. (puc. 3-7, Tabm. 2)
Ta BU3HAYUTY PiBHAHHSA perpecii (Tabm. 3).

Crip 3a3HaunTy, mo B 2022 p. mepii faHi Mofo TeM-
neparypu 6erony I1II 6y1o oTpuMaHoO nuie y BepecHi,
komu cuiBpobiTHuky ITTb AEC 3Moriyu npogoBxuTtu
po6oru B kommnekci HBK-OY it ekcriyaraniio o6maj-
HaHHA EJIC B yMoBax pociiicbko-yKpaiHcbkoi BiliHu. He-
TOCTAaTHA CTaTUCTMKA BUMipIoBaHb y 2022 p. IpusBena jo
OTPUMAaHHA 3aHIDKEHUX CepPefHbOPIYHNX 3HAUYEHD TeM-
nepaTypu B ycix Toukax koHtpono EJIC (gus. Tabm. 2).
JaHi oo AMHaMiKM CepefHbOMICAYHOI TeEMIIEpaTypu
[AI0Th 3MOTY OTPMMAaTH IIOBHE YABIEHHA IIPO XapaKTep
3MiH y TernoBomy pexxumi 6etony I1IT HaBkoIo rpaHnIp
AHC IIBM.

JuHaMiKa cepelHbOMICAYHOI TeEMIIEPATypu B TOY-
KaX KOHTpoJio (quB. puc. 3-7) mokaszaHa Ha GoHi miHii-
HOTO TPeH/Ia TeMIIepaTy Py, TapaMeTPy AKOTO HaBeeHO
B Ta671. 3. [JaHi 100 piBHAHB perpecii, yCTaHOBIEHUX
IJ1A TPhOX IepiofiB MOHITOPMHIY, HaBEJEHO 3 METOIO
MPOJIEeMOHCTPYBATH, HAaCKiZIbKM CYTTEBO 3MiHMBCA

TPeHJ, 0 CTaj0ro MifiBUIEHHS TeMIIepaTy Py HaBKOJIO
SHC II1BM, nounnarwun 3 2017 p. Ik BugHO 3 Tabm1. 3,
TPeHJ, O MifBUIEeHHS TeMIIEPAaTypy, IKUI 3 BUCOKNM
CTyIeHeM JOCTOBIpHOCTI (Rzzl) MOXHa 0yJI0 alpoKcu-
MyBaTH NMiHITHOO (QYHKI[i€I0 IPAaKTUYHO B yCiX TOY-
KaX KOHTPOJIIO, 3MiHMBCA Ha TEHJIEHIIIIO 1O IIOBiIbHOTO
NaJiHHA CepefHbOMICAYHNX 3HaYEHb TeMIlepaTypu. Sk
MO>XXHa ITIEpEeKOHATICA 3 HaBefIeHUX Ha puc. 3-7 imocTpa-
il [UHAMIKY TeMIepaTypH, el mporec HabyB JiTKO-
ro nmpoABy micnA 2021 p., yHaCIiIOK 40TrO CTYIiHb JI0-
CTOBIPHOCTI alpoKCUMalii faHMX TiHiTHOO PyHKIi€0
noyas CyTTeBO 3MeHuryBaruch (Ri, < R., < R;)). Ilpu
IIbOMY 3MiHa TpeH/[ja 3 MOCTYIIOBOTO i CTAa/IOTO MifiBU-
HIeHH: cepegHboMicsIYHOI TeMneparypu Haskono SAHC
IIBM Ha 3MeHIIEHHA B OCTaHHI POKM CIIOCTEPIiTa€ThCs
B yciX TOuKax KOHTpoo. IlofaHe TBepaKeHH A IOTpebye
YTOYHEHHS, sIKe MO>KHa OyJie 3poOMUTH 3a pe3yIbTaTaMu
pocnigxenHs gaHux EJIC y HacTynHUX poKax MOHITO-
PUHTY TeMIIEpaTyPH.

lomo posnopiny TemiepaTypy B pi3sHUX HalIpsAM-
Kax BigHOCHO rpannub SIHC IIBM otpumani gaHi (gus.
Tabs1. 2) CBifYaTh PO Te, IO HAMOI/MbII BIUCOKA TEMIIe-
parypa 6erony IIII cnocrepiraetbes B 6esnocepenHii
6musbkocTi Bif 30uM nokanisanii SHC ITBM y npumieH-
Hi 305/2 (K7, K8, K13, guB. puc. 4, 6). Haiimeniui Temre-
patypu 6ynu B npumimennax [IPK (K25, K26 i K27, gus.
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puc. 7) i B npumimensi 305/2 (K23, gus. puc. 4). OctaHHsA
TOYKa KOHTPOJIIO, Ha HAIlly JYMKY, HAJIEXKUTD IO BEAKOTO
BUK/IIOYEHHS, TOMY 110 Ha BificTaHi 1,5-2,0 My Toukax K7
i K8 B oHaKOBNUII IIepiofi 4acy CIOCTepiraloTbes HaibiIb-
IIi 3a pe3y/IbTaTaMy BUMipIOBaHb 3HaUYeHHA (IUB. puC. 4).
MosxnuBo, fatuuk temneparypu B K23 sHaxongurbesa
B iHIIOMY TEI/IONPOBITHOMY CepeloBMINi, HiX 6eTOH
I1T1, abo 6e3mocepeHbO KOHTAKTYE 3 HOBITPAM Y LIAXTi
peaKTopa, 110 IPU3BOANUTD SO PE3yNbTaTiB BUMipIOBaHb

TeMIIepaTypH i3 CYTTEBO MEHIIVMU 3HAY€HHAMI.

Ha puc. 3-7 MmoxxHa 6a4n Ty, 1110 TeMIIepaTypa HaBKO-
no SJHC I1BM mae ce30HHI KonMBaHH4, ajie i 3HaYeHHA
B CYCiIHiX TOYKaX KOHTPOJIIO 3MiHIOIOTbCS CMHXPOH-
Ho B 4aci. lle mo3BonsA€ cTBEPHKYyBaTyu PO HASABHICTD
y 6eroni ITII cTifikux rpagieHTiB TeMmepaTypu, sKi 3a
OAaHMMM TAaOI. 2 MOXKHA KiZIBKICHO OLJIHMTU, a TaKOX
MIOPiBHATM 1XHi 3HAYE€HHA 3 TUMH, 1[0 CIIOCTEPIiTaInCh
mo HacyBaHHA apku HBK [2, 3].
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Puc. 4. lunamika cepegHbpoMicauHOI TeMiiepatypu 6eTony I1I1 y Toukax koHTpono 7, 8123
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Puc. 7. [unamika cepegabomicsiuHoi TemnepaTypu Ha cteni IIPK y Toukax koHTpomio 25, 26 1 27

Tabnuusg 2. CepenHbopidHi 3HaUeHH A TeMmepaTypu y Toukax KoHTponio EJIC (m + std)

Touka KOHTpOIIO

Ilepion MOHITOpUHTY, pik

(mpuMiieHHs) 2017 2018 2019 2020 2021 2022 2023*
K 5(304/3) 152+ 1,7 16,9 = 3,2 20,7+ 1,2 21,6 £ 1,1 21,7+0,9 22,1+04 20,9+0,8
K 6 (304/3) 14,6 + 1,3 16,0 + 3,2 19,7 £ 1,0 20,7+ 1,0 22,0+£1,0 22,3+0,5 20,5+ 1,1
K 7(305/2) 17,8 + 1,5 19,5+ 3,2 23,1 +1,1 23,8 +0,9 23,3+1,9 24,2+ 14 20,3+ 1,7
K 8(305/2) 16,6 £ 1,4 18,4 £ 3,1 21,5+ 1,1 22,2+0,7 229+1,8 24,1 +0,3 209+ 1,1
K 11 (305/2) 15,2+ 1,7 16,9 + 3,2 20,7 1,2 21,510 21,1+ 1,0 21,4+0,4 19,9 £0,7

K 12 (304/3) 14,6 + 1,3 16,0 + 3,2 19,7 £ 1,0 20,6 £ 1,0 20,1 +1,0 20,4+ 0,4 18,9 £ 0,7
K 13 (305/2) 17,8 £ 1,5 19,5+ 3,2 23,1+1,1 23,9+0,9 23,3+ 1,1 23,7+04 22,2+0,7
K 14 (304/3) 16,6 + 1,4 18,4+ 3,1 21,5+ 1,1 22,2+0,7 219+ 1,1 22,2+0,3 20,8 +0,8
K 21 (307/2) 18,8 + 2,6 18,2+ 3,1 21,9+ 0,9 22,7+0,9 22,2+1,0 22,5+0,4 21,1 £0,7
K23 (305/2) 13,0 +2,4 14,4+ 4,9 18,7+ 1,8 19,3+ 1,7 18,2 + 2,0 19,6 £ 0,6 16,2 + 1,0
K 25 (210/5) 15,1 £ 2,7 159+ 3,1 19,0 £ 0,9 19,9+ 0,8 19,2+£0,9 19,4+ 0,2 18,2 £ 0,7
K 26 (210/5) 14,9 £ 2,6 15,8 + 3,1 18,9+ 0,9 19,4 £ 0,6 19+ 0,8 19,3£0,2 18,0 £ 0,6
K 27 (210/6) 15,6 + 2,3 16,3 + 3,2 19,0+ 0,9 19,8 0,9 19,2+0,8 19,4 £ 0,2 18,2 £ 0,6

* 1o 07.08.2023 p. BK/TIOYHO
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Ta6muia 3. IlapaMeTpu perpeciitHoi 3a/1eXXHOCTI (PiBHAHD perpecii) cepefHbOMICAYHNX 3HAYEHb TeMIepaTypu 6eToOHy
I1I1, oniHeHMX A/1A TPHOX NePiofiiB Yacy Micid BBeleHHA B eKcInyaTanilo kommiekcy HBK-OY

Touxa [TapameTp perpeciiiHoi 3amexxHocTi f(x) = A - x + B
KOHTPOTIO | A2] A22 A23 B21 B22 B23 R;, R}, R},
K5 0,005 0,0042 0,0030 -197,4 -162,9 -109,0 0,65 0,62 0,48
K6 0,006 0,0048 0,0033 -222,3 -190,3 -127,8 0,74 0,72 0,56
K7 0,0043 0,0036 0,0017 -165,1 -137,4 -54,7 0,54 0,52 0,18
K8 0,0046 0,0042 0,0025 -187,7 -161,0 -91,2 0,65 0,66 0,40
K11 0,0046 0,0038 0,0024 -182,8 -147,3 -87,8 0,60 0,55 0,37
K12 0,0044 0,0036 0,0023 -172 -138,4 -81,6 0,58 0,53 0,35
K13 0,0043 0,0035 0,0022 -166 -132,0 -76,0 0,57 0,52 0,34
K14 0,0040 0,0033 0,0021 -153,8 -123,8 -71,1 0,56 0,52 0,34
K21 0,0035 0,0029 0,0018 -133,3 -106,6 -58,4 0,45 0,43 0,27
K23 0,0046 0,0039 0,0021 -186,2 -155,5 -75,4 0,40 0,38 0,18
K25 0,0036 0,0029 0,0018 -140,3 -110,4 -61,3 0,48 0,44 0,27
K26 0,0035 0,0028 0,0018 -134,2 -106,4 -60,2 0,47 0,44 0,28
K27 0,0032 0,0026 0,0016 -123,8 -97,0 -52,0 0,45 0,41 0,25

ITpumimxka. Ingexcu B HasBaX mapaMeTpiB PiBHAHHA perpecii — 21, 221 23 — yKa3yIoTh Ha pe3y/IbTaTy PErpeciliiHoro aHajisy gJaHux

3a nepiogu 2017-2021 pp., 2017-2022 pp. i 2017-2023 pp. BiAnoBifHO.

SIxmo 3BepHYTHUCH O CXeM PO3TallyBaHHS Aat-
uynkiB Temneparypu EIIC naBkono rparnns AHC IIBM
(mmB. puc. 2, Ta6n. 1) i IBC «®@inim» [3], T0o MOXHa fiiiTu
BICHOBKY, 1110, Ha Xa/b, Iicsa BBoAy Komiekcy HBK-
OY B ekcrtyaraliifo KOHTPO/Ib 3a TEMIIEPaTyporo OyI0
BiJIHOB/IEHO B 0OMe)XeHOMY MacIuTabi. 3axigHumit Hanpsi-
MOK PO3CiI0OBaHHS B HABKO/IMIIHE CepeflOBUILE TEeIIOBOI
€HePrii BiJj 3a/IMIIKOBOr0 TeIIOBUiIEHHSA BiAIIpanbo-
BaHOTO A/IEPHOTO MajINBa B CKIafi CUIiKaTHOI MaTpuLi
AHC IIBM He oxonneHuit KoHTposneM B3araini. OfjHak
36ir koopauHatT TouoK KoHTponw IBC «®inimm i EIC
(Tabm. 4) mae migcTaBy MPOBECTY X04a OOMEXEHMIT, ale
HOCTaTHbO KOPEKTHUII OPiBHAbHNII AHAIi3 BUAB/ICHNX
0COO/MMBOCTEN IPOSABY AMHAMIKY TeMIIEPATYPU HABKOJIO
rpannus AHC IIBM y nepiopy MOHITOpMHTY [0 1 miciA
BBOJY B eKcrinyaTtanio HBK.

3a pesybpraTaMi IIONIePeIHIX JOCTimKeHb [3], no Ha-
cyBaHH: apky HBK i BBeJleHHA B eKCITTyaTallit0 KOMIIIEK-
cy HBEK-OY rpagienTn Temuneparypu oLiHIOBa/lINCh TAKN-

MU 3HAYEeHHSAMMI: I 3aXiTHOT'O Ta MiBIeHHO-3aXiTHOT'O
HanpaMmkiB — Bifg 0,60 mo 1,68 °C/m; g cxifHOTO Ha-
npsMKy — Bif 0,65 mo 1,34 °C/m; /11 miBIeHHO-CXigHOTO
Ta MiBJIEHHOTO HaNpsAMKiB — Bif 0,42 o 1,54 °C/m. Hait-
Oiyplira MIBM/KICTD MAaJiHHS TeMIIEPaTy Py CIIOCTepiranacs
B MeXax 2 M BiJ] 30HM JI0Kasli3alii mxepena temnna. Ilpn
LIbOMY IOPiBHAHO 3 TEMIIEPATYPOIO JOBKI/IIA TeMIIEpa-
Typa B LIEHTPAIbHOMY 3aJIi 3MiHIOBA/IaCh i3 3aIli3HEHHAM
B OfIMH KaJIeH/JApHIII MiCs1lb, a TeMnepaTypa 6etony I1T1
ta ctemi IIPK — i3 3amisHeHHAM y gBa Micsani. Y pe3yib-
Tati MiHiMa/IpHa TeMIepaTypa 6eTony I1I1 HaBKOIO rpa-
uyub STHC ITBM crioctepiranach y 6epesHi-KBiTHI, a MaK-
CMMaJjibHa — y BepeCHi-KOBTHI [3].

3a gaHMMMU, OTPMMAHMMMU B POOOTi, MOXXHA
CTBEPIKYBATH, 10 Ha CbOTOIHI B yMOBaX eKCIUTyaTallii
kommekcy HBK-OK rpapienTtu Temneparypu B 6eToHi
ITIT moci 36epiraloThCs i 3HAXOAATHCS B TAKMX iHTEP-
BaJ/IaX 3Ha4YeHb: 1A CXiZHOro HanpsAMKY — Bif 0,48 1o
0,60 °C/m; g1s miBEeHHO-CXifHOTO HAanpsIMKY — Bif 0,60

Ta6muusa 4. Homepn gatuyukis kourpomnio EJIC i IBC «®ininn», KoopgymHaTn AKux 36irarorbes

Cucrema KOHTPOJIO Howmep gaTumka KOHTPOIIO IIpumiTtka
EJC 5 6 11 12 13 14 23 25 27 Hus. puc. 2
IBC «®inim» 5 51 8 9 60 61 15(23) | 16 (25) | 18 (27) Ius. puc. 1 3]
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mo 0,80 °C/m; 14 miBeHHOTO HapAMKY — Bif 0,42 1o
1,0 °C/m. Ha xanb, BiTHOCHO 3aXi/JHOr0 HaIPAMKY TaKMX
OIIiHOK 3pOOUTY HEMa€e MO>K/IMBOCTI Yepes3 BifiCy THICTh
TOYOK KOHTDOJIIO TEMIEPATYyPU. Y BEPTUKAIbHOMY Ha-
HOPAMKY IS 30HM PO3TallyBaHHA TOYOK KOHTpomio K5
i K25 rpapient remnepatypu B 6etoni I1I1 orjiHoeTbcs
sk 0,2 °C/m. IIpu oMy MiHiMaIbHa TeMIlepaTypa 6eTo-
Hy HaBKoo rpannub AHC I1BM, sk i paHire, ciocTepi-
raeTbcsA B OepesHi-KBiTHi, a MaKCMMaIbHa — Y >KOBTHi-
nmucronazi. Te, 1[0 CbOrOIHI MAKCMMYyM TeMIIepaTypu
HNEPeCyHYBCA Ha MiCAILb, MOXKHA MOSACHUTYU TUM, IO
B yMoBax repmernvHoi 6yzisni HBK temo Bcepenuni
06’exTa «YKPUTTSA» JOBIIE YTPUMYETHCH i pO3CII0OEThCA
B HaBKOJIMIIIHE CepefjoBuIile 6iIbIil MOBi/TBHO.

BucnoBku

AHaji3 faHuX BUMipIOBaHb TeMIIEpaTypy, OTpUMa-
HuXx 3a gornomorom EJIC, naB 3MOr'y BUSHAYMTU 0COO/N-
BOCTi (OpMyBaHHSA AMHAMIKIU TeMIepPaTypU B PisHUX
HaIlpsIMKaX pO3Cil0OBaHHA TeIlIa BiJj 30HM JIOKasisamii
SAHCTIBM B ymoBax excrnyaranii kommaekcy HBK-OY.

PesynbpraTyt po60TH MiATBEPHAKYIOTh TOI BAKT, IO
inTeHcuBHIicTb Ternosupinenns sig AHC IIBM nocty-
IIOBO 3 pOKaMU 3HVDKYETBCS, ajleé B YMOBaX KOMIITIEKCY
HBK-OY rpapientn temieparypu, 1o 3a6e3nedyioTh
oxonopyxeHHA [IBM 3 BUCOKMM BMiCTOM yYpaHY B IpUMi-
menHi 305/2, goci 36epiraroTbcs.

€ migcTraBy BBaXkKaTH, IO TEHIEHIIiA KO MOCTYIO-
BOTro 36inmblieHHs TemmepaTypu 6etony IIII HaBKOIO
rpannns THC I1BM, saxa dikcyBamacs Bupogosx 2017-
2021 pp., smiaumnaca. Iloganpmoro spocTanHA TeMIepa-
TypHU He criocTepiraerbes. [IpakTuHO 3a BciMa TOYKaMu
KOHTPOJIIO MO>XKHA O4iKyBaTH, 110 B 2023 p. cepefHbOpid-
Ha TeMIIepaTypa IOBEPHETHCA [0 3HAYEHb, XapaKTePHNUX
msa 2021 p.
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O. V. Mykhailov, A. O. Doroshenko,
M. 1. Pavliuchenko, S. A. Attarian

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

Temperature of Concrete Around Localization
Area Boundaries of Nuclear Hazardous Clusters
of Fuel-Containing Materials Inside the Shelter
Object of the Chornobyl NPP

Data regarding the concrete temperature distribution
around localization area boundaries of nuclear hazardous clus-
ters of fuel-containing materials (NHC FCM) inside the ChNPP
Shelter object (SO) were obtained during many-year scientif-
ic research. After the commissioning of a New Safe Confine-
ment — SO complex (hereinafter NSC-SO), an expert research
system (ERS) was created. ERS was put into operation instead of
the information-measuring system “Finish”, which was decom-
missioned. A new database has been accumulated during the
ERS period, but a comprehensive analysis of the measurement
results was not conducted.

The data obtained by ERS during 2017-2023 was inves-
tigated in detail. The general trends of temperature changes
around localization area boundaries of NHC FCM are analyzed
for 16 monitoring points. The results of the analysis are com-
pared with the data obtained before the commissioning of the
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NSC-SO. The identified temperature trends are described using
regression equations.

Analysis of data measurements obtained by the ERS made
it possible to determine the peculiarities of the formation of
temperature dynamics in different directions of heat scatter-
ing from the localization area boundaries of NHC FCM in the
conditions of the NSC-SO operation. The results of the work
confirmed that the intensity of heat from NHC FCM is gradu-
ally decreasing, but in the NSC-SO, temperature gradients that
provide FCM cooling with high uranium content in room 305/2
are still stored. There is reason to believe that the tendency to
gradually increase the temperature of the concrete of under-
reactor slab around localization area boundaries of NHC FCM,
which was observed during 2017-2021, has changed. There is
no further increase in temperature. For almost all monitoring
points, it can be expected that in 2023 the average annual tem-
perature will return to the values set in 2021.

Keywords: Chornobyl NPP, New Safe Confinement, Shelter
object, fuel-containing materials, concrete temperature,
regression analysis, correlation coefficient.
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CraH HayKOBOI Mpo6/1eMU OO0 JOCTi>KeHHA XapaKTePUCTUK
HPOAYKTiB B3a€EMOJii pO3IIIaBY SIIEPHOTO MaTNBa 3 6eTOHOM

Knwouoei cnosa:
IaJIMBOBMICHI MaTepianu,
KopiyMm,

napaMeTpy KpUTUIHOCTI,
spepHa be3meka,

06’exT «YKpUTTSI»

IIpencTaBneno ornAp pesynbTaTiB MOLENbHUX Ta €KCIIEPMMEHTANbHUX JOCHiI KEeHb,
NIPUCBAYEHNX BUBYEHHIO IIPOJYKTiB B3a€EMOJII ANEPHOrO NManyuBa 3 KOHCTPYKIiHN-
MM MaTepiajlaMy AIEpPHUX €HePreTMYHUX YCTAaHOBOK. BupineHno pesymbraTu Jocmiz-
JKeHb, HalBaXXIMBINX I 3abe3lledeHHS AflepHOI 6e3IeK) CKYNM4YeHb IIPOAYKTiB
B3a€MOAII posIIaBy sigepHoro manusa 3 6eroHoM (BPB). Busnaseno ocHOBHI mpobiie-
M, TIOBsI3aHi 3 OTPUMAaHHIM JAaHUX IOf0 CKIAAY Ta CTPYKTypu npopykris BPB, mjo
YTBOPUMIINCH Ha peanbHUX 00’€KTaX MPOTIKAHHS Ba)kKKOI 3ampoekTHOI aBapil. HaBo-
BATBbCA Pe3yNbTaTy JOCIiJKEHb OCHOBHMX IIapaMeTPiB B YMOBAaX BiJICYTHOCTI JJOCTY-
Iy 10 IpofyKTiB BPDB, 10KanisoBHUX y 30Hi IPOIIaBIEHHA ONMIOPHOI IUINTY KONOA A3
maxTy peakropa 4-ro eHepro6moka Yopuobunbcpkoi AEC. AKTyanbHICTh MOfENbHIX
JoCIiKeHb npoaykTiB BPB nmondArae B HeobxigHOCTI YTOYHEHHA ITapaMeTpiB ¢ismy-
HOI MOZei sifepHO-He6e3IeTHOro cxymueHHA (IHC) manuBoBMmicHMX MaTepiaiiB s
OLIIHKY JIMOBIpPHOCTi BUHVMKHEHHS e(eKTy «3BOPOTHOI» KPUTUYHOCTI B yMOBAaX IIO-
CTifIHOTO 3POCTaHHSA HEMITPOHHOI aKTMBHOCTI B MiZpeaKTOPHOMY NpuMimteHHi 305/2
IiC/IA BCTAHOBJICHHS HOBOTO 0e3leYyHOro KOHQallHMeHTa i HPUIIMHEHHS JOCTYILy
BOAM aTMOC(hepHMX OIaAiB B 30HY noKamisarii THC.

Beryn

AK PyXOMOI 1 HEKOHTPO/IbOBAHOI KOMIIOHEHTH. Y TaKUX
CUICTEMAX iCHY€ IMOBipHICTh BUHMKHEHH CaMOIIiATpH-

3a yMOB Ba)XKIX 3aIIPOEKTHMX aBapiil 3 BTPaToI Te-
IIJIOHOCiSl MOXK/IMBE PyJIHYBaHHS, pO3IIJIaBJIEHHS aKTUB-
HOI 30HM peaKTOpa i BUXiJj PO3IJIaBy ITa/IBa 3 KOHCTPYK-
LiTHMMY MaTepiagamu (KopiyMmy) 3a MexXi KopIycy Ha
0eTOHHY OCHOBY IIaXTH peakTopa. JI/1s1 Takux crjeHapiiB
NPOTiKaHHA aBapii OCHOBHUM 3aBJaHHAM YIIPaBIiHHA
€ BupilleHHs npob/IeMy TOKaTi3alii, OXOMO KeHHs 1
yTPUMaHHA KOPiyMy B Me>XaX 0€TOHHOI OCHOBY IlaX-
T peaktopa. IIpy 1[bOMy XapaKTepHOI 0COOIUBICTIO
i€l mpo6seMu € 3HaYHAa HeBM3HAYEHICTD Y PO3MOAii
Macu sifepHOro nanusa B npogykrax BPb. Anamis pe-
3y/7bTaTiB PO3PaxXyHKiB Ta MOJE/IbHUX €KCIIEPMMEHTIB
IIOKa3y€ MOK/IVBI BapiaHTV HEOPraHi30BaHUX KOMIIO-
3UILINM 3 KPUTUYHOI MACOIO TIaMBa Ta HaAABHICTIO BOAU

MyBanbHOI maHnrorosoi peakuii (CJIP), a sSHa4MTH akTy-
aJIbHYMM € HayKOBO-ZIOCIHI POOOTH 1IO/{0 3HIDKEHHS
PiBHS HEBM3HAY€HOCTI OCHOBHMX IapaMeTPiB TaKMX
HOTEHL[IIHO HeOe3IMeYHNX PO3MHOXXYBa/IbHUX CUCTEM.
Hu>xde HaBemeHO pesynbTaTU CBITOBUX IIMPOKOMAc-
TaOHNX PO3PAXYHKOBO-eKCIIePUMEHTaIbHUX JOCIiN-
>K€Hb IIPOLIeCiB YTBOPEHHA KOpiyMy Ta NpofyKTiB BPB.

Mi>xHaponHi JOCTifi)KeHHA IPORYKTiB B3aEMOpil
KOPiyMy 3 KOHCTPYKIifiHMMM MaTepiaaMu

InpopmanifiHNil MOMYK Ta aHasi3 pe3ynbTaTiB
MOJI€/IbBHUX Ta €KCIIEPUMEHTAIbHUX NOCTi/I)KeHb, TIPU-

CBAYEHNX BUBYEHHIO IPOLIECIB BMCOKOTEMIIEPATy PHOI

© K. O. Cymenxo, A. B. Hocoscbkuii, 2023
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B3a€EMOJii AlepHOTO NanyuBa 3 KOHCTPYKLIIHMMU Ma-
TepiaaMu sIiepHOI eHepPreTMYHOI YCTAaHOBKY, OYB IIpO-
BeJleHNII Ha OCHOBI 6i1b1I HixX 30 my6mikamuiit i 6 gucep-
TaLilTHUX POOIT, OyO/IiKOBAHNUX Y BIFKPUTHX IXKeperax.

3 TO4YKM 30py 3abe3IeueHH s KOHTPOIIO MiJKPUTIY-
HocTi manuBoBMicHUX Marepianis (IIBM) 3a Baykkux 3a-
MIPOEKTHUX aBapill MPOBOAATHCS JOCTIJ>)KEHH I IMOBip-
HocTi BuHuKHeHHsA CJIP y 1BOX OCHOBHMX BMITaJiKaX:
B 00'€Mi po3II/IaBy aKTUBHOI 30HM (KOpiyMy) Ha JHUIIi
KOPITYCy peakTopa; B 06'eMi cKymueHb nponyKTis BPB.

PeanpHi 3pasku kopiymy Oynu oTpMMaHi Iij dac
Bimb6opy mpo6 posmaBy IajnBa Ha HHUIII KOPIIYCY pe-
akTopa micns aBapii Ha Tpi-Marin-Aitneny. EnemerTHUI
CKJIaJ 3pa3KiB cTaHOBUB Bif 70 % ypany, 14 % nupko-
Hi0, 13 % KUCHIO, 3 % MeTa/eBUX BK/II04YEHb. JaMNIIKOBE
TeNJIOBUMII/IEHHA depes 4 TOf MicnA 3yNMHKN peaKTopa
oniHooBanocA Ha piBHi 0,13 B1/t, uepes 10 rox 3MeHIIN-
nocs po 0,1 Br/r. O6’emHa rycTiHa 3pasKiB CTaHOBUIIA
Bif 7,45 no 9,4 r/cv’, mopucricTb o 30 %. BpaxoByroun
TeMIlepaTypu nnasneHHs nupkonito ta UO, (1 855 ta
2 865 °C BigmoBinHo), cmisBigHOMIEHHS das (Zr, U)O, Ta
(U, Zr)O, y TBepioMy pO3uMHi 3pasKiB BU3HAYA€ MaK-
CUMAaJIbHY TeMIepaTypy posmnasy 2 600-2 850 °C [1].

3a pesynbTaTaMu pO3paxyHKiB Ta eKCIIEPMMEHTIB
icHye fiamasoH MacK, MacoBOTO BMICTy ypaHy Ta 36a-
radeHHs 1o **U NOLIKOJKEeHOTO MajuBa, 10 CTBOPIOE
PU3MKY TOCATHEHHS KPUTUYHOCTI B KOPITyCi peaKTopa
IIpU OXONOIKeHH] Bofioro. Hanpukiag, KpuTu4uHa Maca
nanuBa peakropa Tury BBEP-440 (36aragenoro so 4,4 %)
6musbko 6070 KT ypaHy, 1o Bifnosifae 70-80 Kr mannBa
UO,. OpHak 0OCHOBHOK YMOBOIO JOCATHEHH A KPUTUIHOC-
Ti € HAABHICTb BOAM K pyXoMoi komnoHeHTu I1BM, saxa
Mo>ke OyTH IofjaHa cucteMaMu 6e3rnekyt abo AisiMu mep-
COHaJy JJIs1 yTPMMaHHA KOPiyMy BCcepe[jHi KOPITyCy pe-
aKTopa i /iy1s1 3abe3meyeHHs I0r0 OXOMOIKeHHS [2].

Y mponeci nmikBiganii 3apo€KTHNUX aBapiil 3a yMO-
BJ aBapiifHOTO OXOJIOfI>KEHHS BOMOI0 3 HENTPOHHUMH
IIOT/IMHAYAMM MOXX/IMBICTb BUHMKHEHHA KPUTUYHOCTL
B KOPHyCi NIPaKTM4YHO BUKIIIOY€Ha. Binbll akTyanbHa
npob6neMa — iMoBipHicTh BuHMKkHeHHs CJIP B 06eMmi
nponykris BPD [3].

Y Tabnuii npeacTaBIeHo NepesiK IPOBiFHNUX CBiTO-
BMX HayKOBMX LIeHTPiB, fKi 3 mo49aTKy 1980-X pokiB mpo-
BOJAATb €KCIIEpMMEHTA/IbHi JI MOJe/IbHI JOCTi>)KeHHA
B paMKax 3arajJbHOI MpOrpaMy 3 BUBYEHHs NPOLeCiB
Jerpajauii akTMBHOI 30HU PeaKTOPiB.

HocmimKeHHA MOBENIHKM PO3IIIABY KOPiyMy TaKOX
IpoBOANINCA SIMOHCHKUM HOCTiTHYM iHCTUTYTOM aTOMHOI
eneprii (JAERI), KopericbkiM HayKOBO-TOCTiAHNM iHCTH-
tyToM aTtoMHOi eHepril (KAERI), Yropcbkum mocmigaum

incTuryToM aromHoi eHeprii (AEKI) i 6ararpma iHImmMm:
CORA, QUENCH; CODEX (AEKI/KFKI); ALPHA/MUSE
(JAERI); PHEBUS (IPSN); IAPAMETP (IGPAE).

Ilepenik opraHisaniii Ta eKCliepMMeHTATbHIX YCTAHOBOK,
e MPOBOAMIOCA MOJETIOBAHH OKPEeMIX IIPOLeciB
Ba)KKMX aBapili

ITponecn,
10 JOCTIKYIOThCSA

OpraHi-

YcTaHoBKa .
3alisa

Kpaina

Posrikannsa posmiasy

VULCANO .
Ta JI0T0 OXOJIOf)KEHH

CEA @paHnis

YTpuMaHHSA pO3IIaBY
B KOpIIyci 3a jono-
MOTOI0 30BHIIIHBOTO
OXOTIOJ>KEHH

SULTAN CEA ®paHnis

Bsaemogis posmnnas-
TIEHUX MaTepianiB
AKTUBHOI 30HU 3 6eTo-
HOM IIaXTJ peaKTopa

ACE ANL CIIA

Bsaemopis posmnnas-
JIEHMX MaTepiasiB
aKTUBHOI 30HU 3 6€TO-
HOM IIAXTH peaKkTopa

BETA FZK | Himeuunna

Bsaemopisa posmiaBy
KOpiyMy 3 TelJIo-
HocieM i 6eToHOM
IIaXTY peaKkTopa

IAE
HAL
PK

JTABA Kasaxcran

Bsaemonis posnnaBy
Kopiymy 3 6eToHOM
IIAXTU peaKTopa

PACC-

[JIAB PHITKI

Pocis

Tepmiunmit Bius 6a-

CEJHY PO3IIABIEHUX

MaTepiasiiB Ha KOpIyc
peakTopa

MASCA PHII KI Pocin

Haii6inpi cepitosHuMy npobaeMamu, 10 BUHU-
KaIOThb y Ipoleci BaXkkoi aBapii, € [4, 5]: posTikaHHA
pO3IIaBy IO MiAIo3i KoH(alHMeHTa; CTYIiHb ab/ALil
6eTOHY BHACIIIZIOK JIOTO IPSIMOTO KOHTAKTY 3 BUCOKO-
TeMIIEPAaTyPHUM PO3IIaBOM KOPiyMY; OXOJIO>KEHH
po3IaBy (i YacTOK MajyBa Mic/A IXHBOTO 3aTBEPAiHHA
B Pe3y/IbTaTi OXO/IOM>)KEeHH I PO3IIaBy BOOI0); CTabiIi-
3aljis i IpUNMHEeHHs aBapii; 3a0e3Ie4YeHHs CYCTEM BeH-
tunAnii (ginprpamnii).

ITacuBHi cucTeMU 3aXUCTY, HaIIpaBJ/IeHi Ha BUPillleH-
Hs X Ipo671eM, 6y posr/aHyTi B crarti [6]. IIponecn
B IA/INBHOMY PO3IIJIaBi 32 yMOB Ba>KKOi aBapil peakTopa
YIPaBIAITbCA 3a JOIIOMOTOI0 TaK 3BaHUX )KEPTOBHUX
Mmarepianis (JKM), 1[0 BUKOPUCTOBYIOTBCS B IPUCTPOAX
nokaniszanii posmnasy (ITJIP).
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Bsaemogpia KM 3 kopiyMoM fOCiKyBanacs B po-
60ti [7]. 3a cBoiM ckmagom JKM 6arato B YoMy cxoxi
3 MaTepiaaMy CepIEHTUHITOBOI 3aCUIIKY TVIUTU HIK-
HbOI 0OCHOBH peakTopa (cxemu «OP») tuny PEMK-1000,
OJHaK iCHYIOTb CyTTEBI BiTMiHHOCTI B XiMiYHOMY CK/Iafi,
AKi B KiHIIeBOMY MiICyMKY 11 BUSHA4al0Thb YMOBU JIO-
Kajisanii Ta MOofajIbIIOro OXONOIKEeHH PO3IIJIaBIeHO-
ro xopiymy. Ontumanbanii cknaf KM it yTpuManHaa
posmnasy B IIJIP mocAraeTbcs Ha cTafii IPOEKTYBaHHA
LIAXOM MaT€MaTHMYHOTO MOJIETIOBAHHA YMOB Ba>KKOi
aBapii 3 posIJIaB/IeHHAM aKTUBHOI 30HM, IIPOIIaB/IEH-
HAM KOPIIYCy peaKTopa i BUXO[JOM KOpiyMy B 6 TOHHMII
3aXVICHUI KOPIIYC peaKTopa.

MopenbHi eKCIIEPMMEHTH GVHAMiYHOTO IpOLeCy
B3aeMofiii Kopiymy i3 JKM Ta yTBOpEHHA BaHHI PO3IIIaBy
3 TapaHTOBaHMM BifIBEZICHHAM TeIl/Ia IPOBOAVIINCA B PO-
60Ti [8]. Y Hiit 6ynu nmokasaHi eeKTUBHI 3aX0AM 3a110-
GiraHHs BUOYXOBOI KOHIIEHTpaLlil BOJHIO Ha peaKTopax,
OCHOBHMM JI>)KEPEZIOM AKOi Ha BHYTPiITHbOKOPITYCHili
crapii aBapii € MapoIMpPKOHi€Ba i MapocTaneBa peakliii,
IO BIHMKAIOTH YHACTITOK B3aEMOAIl eneMeHTiB (¢ppar-
MEHTIB) aKTMBHOI 30HN i BHYTPillTHbOKOPITYCHUX IIPU-
CTpOIB 3 TermoHocieM. Takox 6y/10 BUSHaUeHO, LII0 Tapa-
MeTpH iHBepCii po3MIaBiB OKCUIHOTO i CTaZIeBOT0 KOPiyMy
y BaHHI pO3IIIaBy Ta iXHA CTPYKTypa (IOIIapoBa) BU3HA-
4yaloThcA KinbkicTio KM 1 iioro po3MilieHHAM BiJHOCHO
JIO IEPBMHHMX IOTOKiB Kopiymy B ITJIP i3 momkomxeHoro
KOPITYCy peakTopa. TakoxK Ije BM3Ha4a€ PiBeHb 3a/IMIIKO-
BJIX €HePrOBU/Ii/IeHDb Y HYDKHII 4acTVHI TeI/Io0OMiHHMKa
i HeoOXimHMII 3a1mac (3a 9YacoM) 10 KpM3M Ha BCili TOBepXHi
Teroo6MiHHMKa. EHepris, 1o BUAIISETbCS Tif Yac pe-
aKLii B3a€MOZil HEJOOKMC/IEHOTO OKCUTHOTO KOpiyMy i3
KM, He Befie IO 3HAYHOTO MEPETPiBY PO3IIABY, a B OC-
HOBHOMY BUTPa4a€ThbCA Ha MiZTPYMAHHSA CaMoOi peaKiiii.

Y pobori [9] 6ynu mpepcraBieHi: MeTORMYHI MUTAH-
Hs 11 pimenHs mopo Bu6opy KM npu KOHCTpyOBaH-
Hi ITJIP gna BBEP; MeTofiuKa po3paXyHKy €KCTpaKIii
yPpaHy i IVPKOHIIO 3 PO3I/IaBy CyOOKMUCTIEHOTO KOpiyMy
posmIaBoM cTaji. Takox posI/Isfanucs TeOpeTUYHI II0-
JIOK€HHs PO B3a€EMOZII0 pO3IJIaBY OKCUJIB 1 CTali, 10
MICTATDb HEJOOKUCIEHUI HUPKOHii, 3 okpemumu KM
i MMTaHHA OLIiHKM MiIKPUTUYHOCTI PO3IIaBy B poOIeci
i1 micng B3aeMopii 3 6eTOHOM.

Y po6orti [10] 6ynu cdopmoBaHi ysABIEHHS MPO
CTPYKTYPY, IO YTBOPUIACA B PE3yNbTaTi B3aeMORii
kopiymy i3 JKM. Tak, mic/A 31MBYy posIIaBIeHOrO KOpiy-
My B 6eTOHHY IAcTKY, 3anoBHeHy JKM, JKM nmaBurbcs,
i itoro posnnaB NepeMilIyeTbCA 3 OKCUHUMY KOMIIO-
HEHTaMI KOpiyMy. Y pe3y/bTarTi IibHICTh CyMilli OK-
CUJHIX KOMIIOHEHT 3MeHINYeThbCA. BinbyBaeTbcs inBep-

cis 3i crpaTudikaliero mapis posmaBy: AKIO CIIOYATKY
pO3IIaB MeTaiB (CTasi i UPKOHII0) PO3TAIOBYETHCS
Ha [TOBEpXHi 6aceitHy, To micn iHBepcii posmtasieHi Me-
TaJIMl ONMHAIOTbCA BHU3Y, ifl IIApOM OKCUIHIX KOMIIO-
HEHT KopiyMy. Takox y po6oTi mpefcTaBIeHo IPUKIaL
MOJIe/Ii TEMIOBOI B3a€MOJil KOPiyMy 3 KDy THOIIOPUCTUM
HAaIlOBHIOBaueM OeToHY. Mojenb nepenbadae BU3HA-
YeHHs PO3INOJiNy MOTOKIiB Tella /i HecTallioHapHUX
npodiniB TeMIepaTypy B3a€MOJil0YMX KOMIIOHEHTIB
KOpiyMy Ta HaIIOBHIOBa4a aX 0 GOpMyBaHH: iHBEPCHO
cTpaTudiKoBaHOTO 6aceilHy pO3IIaBy.

IIpoBeneni gocnifXeHHA mopo B3aeMofii KM
3 KOpiyMOM Jja/iut 3MOTY PO3pOOUTH i BIIPOBaJUTY HOBI
TeXHiYHI pillleHHA B NMPOEKTYBaHHI I CIOPYH KEeHHI
AEC, 1110 103BO/IAI€ MiABUIINTH iXHIO siilepHY Oe3IeKy Ta
HaJ[ifiHiCTh excrmyaranii. Taki pilleHHA 3HaIIIN CBOE
MicIle Ha peaKTOPHUX YCTaHOBKaX «HOBOTO IOKOJIiH-
Hf», y IPOEKT AKNX YBENEHO HU3KY JOGATKOBUX CUCTEM
6esnexn. Cepel HUX cUcTeMa AJIs JI0OKai3alii posIiaBy
B pasi 3aIpOEKTHOI aBapii, sika AB/IsIE COO0I0 KOHTEHED,
3aIloBHeHMII crrerfianbHUM JKM.

[IntaHHs sAfepHOi 6e3leKy Ta MiZKPUTUYHOCTI
KopiyMy B yMmoBax notpamisauusa B [IJIP 6ymu gocnin-
xeHi B cTarTi [11]. Byma orpumaHa 3anexHIcTb edek-
TUBHOTO KoedillieHTa pO3MHOXeHHs (Ked)) HeJITPOHiB
Bify Mmacu JKM ta itoro Tumy. B AxocTi Kopiymy, 1o mo-
tpamnaB y [1JIP, 6yno npuitHsATe CBi>ke aqnBO Ha OCHOBI
UO, Bsaemonito posniaBy akTMBHOI 30H! 3 MaTepianaMu
peakTOpHOI yCTaHOBKM B ITpo6ieMi Ba>kkoi aBapii BBEP
Oy1o posrisiHyTO B pobori [12].

PesynpraTy jociig KxeHb CTpyKTypu nipogykris BPb

Po3spaxyHKOBO-€KCIIEpUMEHTAAbHI HOCTiJKEH-
H4 [13] (puc. 1) nokasany, mo B pa3i B3aeMoxii kopiymy
3 6eTOHOM (OPMY€ETHCS TPOMIKHMIL AP 3PYITHOBAHO-
ro 6erony. Ha Mexi kopiymy Ta 3pyifHOBaHOTO O€TOHY
3HAXO[UTbCA KepaMidHa KipKa, fIKa JO3BOJIAE YTPUMY-
BaTy BOJY B PO3MHOXYBaJIbHili cuctemi. Ha puc. 2 mo-
Ka3aHO Ilepepisy pe3ynbTaTiB eKCIIEPYMEHTIB Ha II04aT-
koBilt (COMET L2) Ta sakmouniit (COMET L3) cramisx
B3a€eMOfii Kopiymy 3 6eTonoMm [14]. Ha puc. 3 mokasaHo
posnopin npoaykris BPB [15]. ExcniepumenTanbHi po60-
TU TAKOXX YKa3YIOTh Ha po3LIapyBaHHSA CTPYKTYPH, IPU-
CYTHICTb IPAaKTNYHO BOZOHEIPOHNMKHOI KipKy 10 (ppoH-
Ty B3a€MOJii, a TAKOXX IIapy TePMidYHO 3pYIIHOBAHOTO
6etony. Taki Mofie/IbHI yABNIEHHS IIPO IBOLIAPOBY CTPYK-
TyPYy CKYIIY€HHs, 1[0 YTBOPU/IACA B 30Hi IPOIIaB/I€HHA
IUTUTY IIAXTU PEAKTOPA, AK 1 MOXK/IMBICTh PO3LIapYBaHHA
pO3IIaBy B Ipoleci B3aEMOfil KopiyMy 3 6€TOHOM, if-
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Puc. 1. Cxema popmyBaHHs 6araTourapoBoi CTPyKTYpU MaTepiaTbHOTO
cepenosuina [IBM, 1110 yTBOPIOIOTECS B pe3y/IbTaTi B3aEMOfIl KOpiyMy 3 6eTOHOM
(MopenioBaHHs 32 omoMororo inTerpanpHoro Koy ASTEC)

%0 COMET L2 e

[

Puc. 2. Ilepepis npopykris BPb
(excrrepumentu COMET L2 ta L3)

TBEPHKYIOTbCS Pe3y/IbTaTaMM €KCIIEPUMEHTIB, TPOBefe-
HUX Yy paMKax MixkHapopHoro mpoexty CORPHAD.2 [15].

3a pesy/bTaTaMy aHaIi3y HAYKOBO-JOCIIFHIX POOIT
TAKOXX 3ICOBAaHO, 1[0 HA CbOTOIHI MOXK/IMBI BapiaHTU
CK/Iafly Ta CTPYKTYpM IPOAYKTiB B3a€MOfii KOpiyMy
3 OETOHOM € He[OCTaTHbO BUBYEHMMM, BiZIIIOBIHO He-
MO>X/IVBO JOCTOBIpHO OLiHNTY pu3nku (iMoBipHOCTI BU-
HukHeHHs CJIP) B 06’emi yrBopernx IIBM. 110 mpo6e-
My MO>KHA BUPILINTH IIIAXOM BUKOHAHHS JOZATKOBUX
eKCIIepMMEHTAIbHUX Ta PO3PaXyHKOBUX JIOCTifKeHb,
OJHaK IIPU IIbOMY iCHYIOTb CK/IaJJHOCTI.

1. KopekTHicTh OYAb-AKOI KOMITIOTEPHOI MOfei
3a7IeXXUTh Bifi CIleHapil0 PO3SBUTKY 3alIPOEKTHOI aBapii
(AKWIT 3a/1©XNTD Biff #ili TepcoHaty, KiIbKOCTi Ta mopAp-
Ky BifIMOB 00JIafHaHH), yCi MO>K/IMBI KOMOiHaIi1 AKMX
He BUBYEHI.

Yopwi JIMBM (Biam. 9,1 - 10,0 M)

MeTasieri RKIFOYEHHS
MeTtanesuii wap
Huwpxia kopa

Tepmiuno 3pyHHOBaHHit GeTOH

Heymxompxenuii Geros (Biam. 8,0 - 82 M)

Puc. 3. Pesynbratu exciepumentis VULCANO 3 gocnifgxeHHA
nponykris BPb (JIIIBM — naBononi6ui IIBM)

2. IIpobnema ekcriepyMeHTaTbHNX HOC/iKeHb I10-
J1ATa€ B TOMY, IO IiJ] 4ac IPOBEIEHH IX OTPUMYEThCSA
HEOCTaTHA Ki/mbKicTh mpoayKTiB BPB (MakcuMyMm coT-
Hi Kiorpamis). He Mo>xHa BBa>kaTy, 110 IXHili CKIaf Ta
CTPYKTypa IOBHICTIO BifnoBifjae ckynmueHHAM [IBM,
YTBOPEHNM IIifl Yac MOBHOMACIITaOHOI aBapii, y pe3y/b-
TaTi AKOi yTBOPIOBATMMYTbCSA TOHHM TAKMX MaTepiaib.
Peanpni yMOBM IPOTiKaHHA Ba)KKOI 3aIIPOEKTHOI aBapii
Bi[Ipi3HAIOTBHCA Bifl MOI€TbHUX eKCIIEPUMEHTIB, IXHi Mac-
mtabu Ha KinbKa HOPsIKiB Oisblie, 1[0 BHOCUTD JOHAT-
KOBY HeBM3HaueHICTb Ipu popMyBaHHi (pisndnoi Mogerni
ckymueHHA [IBM.

11i aBi mpo6meMu BUPINIYIOTbCS HATYPHUMU JOCTIif-
>KeHHAMU NPonyKTiB BPB, mo yrBopumucsa Ha peanbHNX
ob’eKTax MPOTIKaHH:A Ba>KKOI 3aIIPOEKTHOI aBapii. JInie
IiC/IA1 OTPMMAHHA Pe3y/bTaTiB aHai3y peanbHux I[1BM,
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BUIYYEHIX i3 OMKOMKeHNX eHepro6moki AEC (Ha skux
Bii0y/macs Ba>kka 3allpOEKTHA aBapis), MOXHa Oy/ie oTpu-
MaTH JaHi IIof0 CKIafy Ta CTPYKTypu IpopyKTiB BPb, mo
IaCTh 3MOTY BUKOHATH Ba/Tiflallilo po3po0/IeHNX MOfieel
Ta 3aIIPOIIOHOBaHUX a/ITOPUTMiB pO3paxyHKiB.

Ha cporopni npogyxTu BPB icHy0Tb TinbK1 Beepe-
fuHi 06’eKTa «YKPUTTsI» i HOBOTO 6€31eyHOro KoH(paiH-
menTa (HBK), a Takoxx Ha AEC «®ykycima-Jlaigi». Bpa-
XOBYIOUM ITOCTiJIHE 3pOCTaHH HEMITPOHHOI aKTUBHOCTI
npopykriB BPB y 30HI mponnaBneHHA ONOPHOI IVINTU
(OII) xomopsi3st WIAXTU peakTopa 4-ro eHepro6moka
Yopuobunscekoi AEC micnst Bcranosnenust HBK, st
MOBHOMACIITaOHOI OL[iHK/ OCHOBHUX ITaPAMeTPiB peasib-
Hux npopyKriB BPB Hait6inpimmii iHTepec CTaHOBIATD
nocnimxenus IIBM, okanisoBaHux ycepeguHi o6exra
«YKputTTS» [16].

JocnigkeHHA HEMUTPOHHO- Pi3MIHIX
napamerpiB npoaykris BPb na 4-my
eHepro6moni Yopuobunbcpkoi AEC

ITicns aBapii Ha YopHoOunbchkiit AEC, y Mipy Ha-
Konm4eHHs inpopmanii mpo IIBM, nposogunucs po6o-
TV 3 PO3PaXyHKOBUX OLIIHOK siiepHOI 6e3mekn 06’ekTa
«YxputTs». Ilepuri pospaxynku 6ynu BukoHaHi Kyp-
YaTOBCHKMM iHCTUTYTOM IIe B TpaBHi 1986 p., moTim
CTaJIM 3a/ydaTycs Bce OiNbLI CKIafHi mporpaMu s
MOJIe/II0BAaHHS IIePEeHOCY HEITPOHIB 3 BUKOPUCTAHHAM
merony Monre-Kapno: WIMS, KPAbB-1, PUTM, KPA-
TEP, MCNP ra in. ¥V nepiog 1986-1996 pp. 6yB BUKO-
HaHWI BeTMYe3HNIT 0OCAT PO3paXyHKOBUX I eKCIepH-
MeHTa/IbHUX JOCTiKeHb ckymdeHb IIBM. Ilio pobory
BUKOHYBa/IM YOTUPU iHCTUTYTH: [HCTUTYT iM. KypuaTosa
B MockBi, Disuko-eHepretnanuit inctutyt B O6HIHCBKY
(JHL PO ®EI), AkageMiuHuil iHCTUTYT sAfepHOI Bisukn
B MiHcbKy i HiMenbknmit Gesellschaft fiir Anlagen- und
Reaktorsicherheit (GRS) gGmbH B I'am6yp3i.

3rigHOo 3 pesynbTaTaMu SOCIIIKEHHS A/IepPHOTO IIa-
nusa (SI1) 3 BuropstHuAM Bif 7,5 1o 14,7 MBT - o6y/Kr
ypaHy IPOBOAMINCS pO3paxyHKH (y 69 rpymax B o6macTi
e”eprii Big 0 o 10 MeB) st HeckiHYeHHUX TOMOTeH-
HVIX CyMileli (3a OITYMa/IbHOI KOHIIeHTpalil Bosu i 6e3
BimbmBaua) y mporpami WIMS. 3a pesynbraramu pospa-
XYHKiB npu MacoBilt 9actui AI1 Bix 42 mo 55 % piamason
pazniyca, Ipu AKOMY 3ab6e3IedyeTbCsl KPUTUIHICTD, HO-
piBHIOE Bixg 1,17 1o 2,32 M. TakoX oTpuMaHO #aHi Jid
cdeprunoi reomerpii cyminni Tumy «1aBa + ¢pparMeHTn
aKTMBHOI 30HM + BOfia» 3 BijbuBadeM 3 6eTony. Pagiyc
CTaHOBUTb Biff 36,5 mo 145 cm mpu maci UO, Bin 0,8 mo
11 1. ITpu 36aravenHi manusa B 2 % o **U (manmso 3 Ma-

JIIM BUTOPSHHSAM) pajiiycyl KpUTUYHMX cep 3MeHITy-
0ThCA BABivi [17].

OuiHOYHI pO3paXyHKN AJIsI TeTepOreHHOI KOMIIO-
3uLli (AKa CKIafa€eThcA 3 MaAMBHUX TabmeTok, JITIBM
i Bopy B reoMeTpii piBHOBEIMKOTO LMTIHAPA 3 6 TOHHUM
Bif6uBaueM ToBUIMHOW 50 cM) BukoHaHi Takox y JHI]
P® OEI [18]. Ax mporpamMHmii 3aci6 BUKOPUCTAHO IIO-
nepenHbo Bepudikosannit kommnekc PENVYT. [Jianason
KPUTUYIHOTO pajiiyca s KOMIIO3UIIil 3 00’ €MHOIO YacT-
Kolo Bogu Bif 15 1o 60 % gopisHIOE Bif 50 1o 137 cMm. Pe-
3y/IbTaT! PO3paxyHKiB [19] chepnyHnx KOMIO3ULi, AKi
BK/IIOYAIOTD CBiXKe IIa/INBO, IOKA3yIOTb, 1[0 KPUTUYIHNUIL
paniyc 3a o6’emHoro Bmicty Bopu Bif 30 go 50 % cTaHO-
BUTD ycboro Bif 0,35 1o 0,4 m.

3rifHO 3 po3paxyHKoBUMU gaHuMHU [17, 20-22], 3a-
JMBAHHS BOJOIO MOXKe IIpU3BeCTy fo BUHNKHeHH:A CJIP
y HACTYIHUX TiOTeTMYHMX cKymdeHHAX [IBM (reome-
Tpif AKUX JO3BOJAE BIUCATY iX Y ifipeaKTOpHE PUMi-
medHa 305/2 BigoBiIHO 40 HASIBHUX JaHUX):

rereporeHHa ctpykrypa (JIIIBM + ¢pparmenTn ak-
TUBHOI 30HN + BOJA) 33 BeIMKUX KOHI[EHTpaIill BOAY;

rOMOTeHHa KOMIIO3MIIis (CBixe manuBo + rpadir +
BOJIa), sIKa MO>XKe CTaTy KPUTUYHOIO /11 CK/Iafly 3 00°€M-
My gactkamu 20 % UO,, 40 % H,O, 40 % Byrneno i mi-
HiMa/JbHUM JiaMeTpOM DKp =0,93 m;

TOMOTeHHa KOMITo3uIiisg (CBiXke majamBoO + BOA),
AKa MOXKe CTaTVl KPUTUYHOIO J/Is CK/Ialy 3 00’ €EMHUMMI
gactkamu 30 % UO,, 70 % H,O i minimanbuum fiame-
TpOM DKp = 0,69 m;

TOMOTeHHa KOMMO3ulisA (IanuBO 3 BUTOPAHHAM
5,4 MBT - fo6y/KT ypaHy + BOfja), AKa MOXe CTaTy KpM-
TUYHOIO JIs CKIaAy 3 06'eMHuMY dactTKamu 30 % Uo,,
70% H,O i MiHiManbHUM JliaMeTPOM D =098m.

3a pesynbpTraTaMu po3paxyHKiB [23] y npumimen-
Hi 305/2 sjepHy Hebe3eKy MOKYTb CTAHOBMUTH Ki/bKa
BapiaHTiB KOMIIO3MUIIill. AJle Hail6i/IbII HeOe3eTHNMU €
reTeporeHHi KOMIIO3NIii, B0 CKIafy AKuX BxoguTh AII
i Boma. Oco6nmyBa yBara npupiinAmacsa reTeporeHHNM CHC-
TeMaM 3i cTpyKTypomw «/IIIBM + ¢pparmeHTN akTMBHOI
30HU + BOZa». Panimnle Taka cTpyKTypa BBakaaach Hali-
6i/1b11 HAO/MMYKEHOIO IO peabHOCTI B IpuMiltieHHi 305/2.
[i mocnipxysann B Husui pobir, Hanpuknan y 24, 25].

Binomo, mo K, o VA SIHC T1BM 3anexxuTh Bij Macu
1 MacoBOro BMICTy ypaHYy, €IeMeHTHOTO CK/Ia[y CyMilli,
reOMeTPUYHNX PO3MipiB, BimbuBauiB, Temmeparypu,
KOHI[eHTpalii Bogu AK pyxoMoi komnoHeHTn. OpHaK
OIJHVM 3 HallBa>K/IMBIIIMX ITapaMeTPiB € MaCOBMII BMiCT
Marepianis, o ginarbesa (M]T). Yci BuiienaBesieni pospa-
XYHKM TpoBOAMNCA Tinbku fA [IBM 3 MacoBMM BMiCTOM
nanBa 5+15 %, ockinbku Toxi (o movarky 2000-X pokiB)
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He nepef6ayanacsa HaABHICTb cKyryeHb IIBM 3 Bemkmm
BMicToM manuBa (e He 6y/u BusBieHi npuxosaHi THC
3 IMiABUIEHNM MacOBIM BMiCTOM ypany OinbI Hix 40 %
i He 6y710 CIleHapil0 YTBOPEHHS TAKVX CKYITYEHb).

Ha nmovarky 2000-x pokiB 6ynn nposefeHi gopar-
KOBi pO3paxXyHKH, 110 BpaXOBYBa/Il HOBi €KCIIEpVMEH-
TaJIbHI JaHi (30KpeMa, 61/l BUCOKY KOHI[eHTpa1io M]I,
Bifi AKOI CM/IPHO 3a/IeXKUTh MOK/IMBICTh BUHMKHEHHA
CJIP). PospaxyHKM HeIITPOHHO-Qi3NYHUX ITapaMeTpiB
roMoreHHmx cymimeit IIBM mpu 3Bo/oKeHHi jamu 3MO-
I'y JaTU OL[iHKY JlialTla30Hy IIapaMeTPiB IainBa, 3a AKNX
moxxnuBe BuHuUKHeHH:A CJIP y mponeci HagXomKxeHHA
Bogu. IIpu Buropsanni nanusa 11,5+12,5 MBT-JIO6Y/KF
ypaHy KpUTHYHA Maca pO3MHOXKYBa/IbHOTO CEpefOBIUIIIA
I1BM nmoBuHHa cTaHOBUTH 15+30 T 3 MaCOBOX 9aCTKOIO
ypauy 45+60 % i BomoroemHicTio He MeH1Ie 40 % 3a 06%€-
moM (puc. 4) [17].

JI714 KOpeKTHOTO JOCTiI>KEHH PO3MOAiNY IMIiIBHOC-
i motoxy HelTpoHis (IIIITH) y ckynyenni I[IBM 3 mif-
BUIIIEHOIO KOHIeHTpa1iieo M]I 6ynm BUKOpUCTaHi MOX-
nMMBOCTI 6araroyHKIIiOHAIBHOI IPOrpaMyl BUpPillIeHHs
3aBJaHb IEpEHECEHH HEMTPOHIB Yy TPMBUMIPHUX MaTe-
pianpHUX cucreMax MetogoM Moute-Kapno (MCNP).
Byna nmobynoBana ¢isuuna mopens nokanmisanii THC
I1BM y 3oni nponnasnenHs OIl y mifpeakTopHOMY ITpH-
mimenHi 305/2. Becb 06’em IIBM 6yB po36uTuit Ha OgHO-
pimHi MaTepianbHi KOMipKM 3 OCHOBOIO 2X2 M i BUCOTOIO,
sIKa BU3HAYAETHCS MOIEPEYHMM IepepizoM mpodiaio
JITIBM. [In1 Ko>xHOI 3 84 KOMipOK BU3Ha4YaIUCs ob6csr,
e/IeMeHTHUI CKJIaf i MacoBa YacTKa XIMIiUHUX eJleMeH-
TiB, TyCTUHA i BMiCT ypany. [IpocToposuit posnogin BHy-
TPILIHIX >KepeTT HelITPOHIB BUOMPaBCs piIBHOMIPHO 11O
BcboMy 06'emy I1BM, i ixHs akTUBHICTD Opanacs B fjia-
nas3oHi Bif 4-15 HeitTpon/(c - ) ypany. B eHepretnynomy

0,
WU()Z: )

CIEKTpi BHYTPILIHIX Ji)Kepel BpaXOBYBaBCsA PiBHOMIPHO
posmnofinennii BHECOK Bifl HEITPOHIB CIIOHTAaHHOI'O IIO-
mimy ***Cm, *****Pu i HelITpoHiB Bif (a, n)-peaknii mpu
posmazi **! Am Ha jerKux Agpax goMimok. Pesyapratn
PO3paxyHKiB Oy/IM OfHOTO MOPSAMKY 31 3HAUCHHAMU eKC-
nepuMeHTaNbHUX BuMipioBanb LITH [26].

Hacrynna Bepcis po3paxyHKOBOI MOJielTi BXKe 0XO-
III0Baa Bech 06’'eM npumimiens 305/2 1 304/3 i cknmapa-
7acs 3 TPMIIAPOBOI CTPYKTYPY 3 MaTepiaTbHUMM KOMip-
Kamu 3 ocHoBaMn 1x1 m. Taka cTpykrypa fana amory
BMKOHATY MOJIe/Ib 3 YPaXyBaHHAM CTiH, IepeKpUTTiB
i BITPHMX IPOCTOPIiB, a TAKOXK PO3MICTUTU B Hill MacuB
sonu AAHC i BusHaunTy ii MiHiManbHI TapaMeTpu Kpu-
TUYHOCTI, TaKi K Maca, FeOMeTpist, 00’ €MHi BiTHOILIEHH I
Boau i manusa [27]. Byso BUKOHaHO pO3paxXyHOK Hell-
TPOHHOTO N0 N4 cKymdenb [IBM niBgennoi yacTnHm
HigpeaKTopHOro npumimenHs 305/2 4-ro 3pyiHOBaHOTO
6moka YopHobunbcbkoi AEC. O6uncieHHs TpOBOAVIIICS
Ha ocHOBi mporpamHux kopis SCALE-4.4A i MCNP-4C.

Jlns1 monepenHix oLiHOK iHOpMaIiiiHUX MapaMe-
TpiB peasbHNUX reoMeTpiit 6y/a mo6yHoBaHa TPUBMUMIp-
Ha rpadiuHa Mojenb HiBJeHHO-CXiJHOTO i1 MiBJeHHO-
3axigHoro xBagpaHTa npumimensa 305/2. Y mopgenb
Oynu BHeceHi 00’€MHI 300pa’keHHsI CBEP//IOBUH, 110
BUKOPVCTOBYIOTBCS [/11 BCTAHOBJIEHH I HEITPOHHMUX Jie-
TeKTOpiB. Byma 3pijicHeHa MOXIMBICTh PO3MillEHHS Ta
nepemimeHHs geTeKTopis it ymosHoro AHC. [Ina pisHnux
1iIest OCTifKeHb MO0y ToBaHi MOfiesTi TAKOXX Ha/laBajIn
TaKi MO>XXTMBOCTI:

Bi[JTBOPIOBATY PEAJIbHY T€OMETPil0 CIOCTEPEKEHHA
31 36epe>KeHHAM yCiX MacIiTabiB pO3MillleHHS JeTeK-
topiB mogo AHC y paitoHax «mponomy» i k/1anaHa;

MOJIENIIOBATU 11 PO3PaxOBYBaTH OYiKyBaHe OCJIa-
6/1eHHA BiAITYKiB JeTeKTOPiB Ha HEITPOHHY AaKTUBHICTD

m T

najmeas

Puc. 4. 3anexxHicTb Biff BUTOPSIHHA MacoBOi 4acTKu manuBa W

MBrT- 106y/KT ypany

vo,» Y0y HECKIHYEHHIT
2

reometpii (1) i Macu manuBa m,, Ty KpUTMYHIi KoMIosuii (2)
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SAHC 3 ypaxyBaHHAM BifjjaneHHs iX Bifi myKeperia i mor-
JIMHAI0YMX BIACTUBOCTEN cepeloBUIIIA Ha MeXi pO3Jiny
«JIKEPENIO — MPUIIMad»;

3MIHIOBaTU JI KOPUTYBaTU T€OMETPil0 CIIOCTepe-
JKeHH: TIpY IlepeMillleHHi JeTeKTOPiB y3/J0BX CTOBOypa
CBEPJIOBMH 3 METOX0 OLIIHKY IXHBOI Yy TIMBOCTI;

BI3HAYaTy PO3TAallyBaHHA yMOBHOro LeHTpy JAHC
3a JOIIOMOTOI0 3iCTaB/IEHHSA PO3PaXyHKOBUX i eKCIepn-
MEHTAJ/IbHMX JaHUX, OTPMMAaHMX 34 pe3y/lIbTaTaMI 30H-
IYBAaHHA CBEPJJIOBIH;

BUZINMATYU ¥ OLiHIOBaTM CKIaZOBY HEMTPOHHOTO
($OHY /1A KOXKHOTO TeTeKTOpa.

ITig yac mo6yOBU MOJENi BUKOPUCTOBYBAIACs CH-
CTeMa aBTOMATM30BaHOro IpoeKTyBaHHA AutoCAD2000.
Pucynku 3pisiB BuKkoHaHi 3a omoMoroxo QyHKIii peH-
mepuHry TpuBuMipHux Tin AutoCAD2000. Ocratoune
[OBeJeHHs I 0QOPM/IEHHs PUCYHKIB 3JiJICHIOBATIOCS
B nporpami Corel Draw 10. HaounicTb 06’€eMHOTO 300pa-
JKeHHA JocATanacA MOXK/IMBICTIO 3a/jaBaTy pisHi piBHI
IPO30POCTi €/IeMEHTIiB MOJie/i 11 BUAIMATUA TUM CaMUM
OCHOBHI JTeTarti.

Pesynbratu jocmigkeHb HETPOHHO-(Pi3MYHNUX Xa-
PaKTepUCTUK BUABNEHUX cKyITdeHb [IBM y npumimgen-
HAX 00’eKTa «YKPUTTs» yBillIM o 3BiriB IHCTUTYTY
npo6inem 6esnexu AEC HanionanpHoi akajeMii HayK
Ykpainn [28, 29]. [lokasaHo, mo Bci ckymyenHs [1BM,
1]0 JIOKaJ1i30BaHi BcepeHi 06’ €KTa «YKPUTTsI», € AReP-
HO OesneyHnmu (y HuX HeMoxxnnBe BMHMKHeHHS CJIP),
oxpim SHC y npumimensi 305/2. IHC saBnse co6oro
BOJIO-YPaHOBY CUCTEMY 3 HU3bKO30araueH!M I1aIIBOM.

Ke({)

PesynpraTy oLjiHKM Macy IanyuBa B 30Hi MPOIJIaB/IeH-
Hs 6eToHy OII 3a TeNIOMeTPUYHUMY BUMIPIOBaHHAM,
a TAaKOXX BU3Ha4YeHHS (110 3a005X JOCIiHUIIBKUX CBEPH-
JIOBVH) J10TO TeOMeTpil JO3BONAIOTH CTBEPAKYBATH, LII0
B 06MexxeHOMY 00’eMi 3HaxouThCsa 18-20 T manusa [28].
Crnenndikoo po3MHOXYBAJIbHUX CUCTEM 3 HU3b-
Ko30aradeHyM I1a/IBOM € iCHYBaHHSA JBOX 3HaUeHb KpU-
TUYHOCTI. Y uepBHi 1990 p. mif yac HaAXO[ KEHHA BOAU
B AHC, mo octurae, Mmasna Miciie moBTOpHa KPUTUYHICTD
(xomomumit KputnuHMit innupent) [30, 31, 32, 33]. Camo-
racinaa CJIP BifgOymocs 3a paXyHOK Iepe3BOTIO>KEHHS
PO3MHOXYyBa/IbHOTO cepenosuina (puc. 5) [28]. Jo Bcra-
HostenHsa HBK STHC (nmucromag 2016 p.) mepebyBaso B 1ie-
PEe3BOIO’KEHOMY CTaHi (3a IPYyIMM 3HaYeHHAM KPUTUY-
HOCTI) 32 paXyHOK Ha/IXO[)KEHHs aTMOC(epHIX OIasiB
y 3ony nokanisauii THC. Boga 6yna crabinisyrounm ¢ak-
topoM. Ilicia Bcranosnenna HBK i mpunuHeHHA focTymy
Bopu B 30HY nokanizanii AHC cnocTepiraerbcs nocriii-
He 3pOCTAaHHSA HEeMITPOHHOI aKTUBHOCTI, 110 MOXe OyTH
IOB’fI3aHe /IMIIe 3 IIPOLleCaMy BTPATU BOAM IIOPUCTUM
po3MHOXyBanbHUM cepepoBuiieM AHC. 3MeHnmenHA
KOHIIeHTpalii BOAY B PO3MHOXKYBa/IbHOMY CepelOBIIIi
MOYKe IIPU3BECTH [IO «3BOPOTHOI» KPUTUIHOCTI.
[Momanpura ouinka (32, 34, 35] HeliTpOHHO-i3NIHNX
XapaKTepUCTUK 1bOro ckymdeHHs [IBM 6yna npose-
TeHa Ha OCHOBi pPO3paXyHKOBOIO MOJETIOBAHHS pi3-
HOMAaHITHMX BepCiil KpUTUYHUX KOMIIO3ULii. MacoBi
i reomeTpuyHi mapaMeTpu nux 36ipoK MaKCUMaTbHO
Bi[IITOBiJAI0Th peabHMM YMOBaM iCHYBaHHA KPUTUY-
HOI KOMITO3MI1il, 30KpeMa reoMeTpii posmileHHs, 06 €My
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3BopoTHA
KPUTHYHICT

[TorTOpHA

KPHTHYHICTE
0.995 -
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B — reTeporeHHa CTPyKTypa

A — TOMOTEHHA CTPYKTypa
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Puc. 5. PospaxyHKOBi 3a/1e>KHOCTI Kecp BiJ] KOHIIEHTPallil BOIY B PO3MHOXXYBa/IbHOMY
cepepgosumii SHC 3 ypaxyBaHHAM TeMIepaTypy Ta FeTepPOT€HHOCTi CTPYKTypu
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1 CTPYKTypi cepemoBuILa HATOBHEHHA 30HY IIPOIIaB/IeH-
us OIL Pospaxynku K, ¢ TPOBOZIV/TUCS B TPOTPAMHOMY
koni MCNP-4A. Ilpu npboMy MopienbHI po3paxyHKHU
IIPOBOJVINCA /ISl TOMOT€HHOI Ta TeTEPOT€HHOI CTPYK-
TYp PO3MHOXXYBAJIbHOIO CEpPeOBMINA 3 NOCTYIIHOIO
/I BORM TOPUCTICTIO 0 60 % Bif 3araJibHOro 06’eMy
SHC. IlepenbagaeTbcsi, 0 B pearbHOCTI reTeporeHHa
CTPYKTypa CKYIT4eHHA 3a0e3Ievye HagBHICTh IIMPOKOTO
CIIEKTpa MaKpOIIOP, JOCTYIHMUX /IS 3aII0BHEHHA BOJ0I0
4yepe3 HeCKiHYeHHMII KaacTep MiKpOTpilliMH i Mopo-
BIX KaHa/iB (4epe3 MiKpOIOpM peanisyeTbcs cucreMa
MaKpoOHop, AKy YTBOPIOIOTb Ta30Bi mopokHedi). Taka
reTeporeHHa CTPyKTypa MOleNI0oBanaca y BUTTIALIL pe-
Ty/IAPHOI IIPOCTOPOBOI PELIiTKM 3 KOMipKaMu Ky6i4HOT
dbopmn. V w1iit pemriTii KOMipKM B IIaXOBOMY HOPATKY
Oy/nM 3aIIOBHEHi TOMOT€HHOIO CYMilIIIIO0 CH/IIKaTHOTO
po3unHy nanusa i Ha 4 % 3aIOBHEHi BOZIOIO (32 PaXyHOK
mocTynHoi Mikponopuctocti). O6’eMHa 4acTKa BOfU
B IIOPOXKHiX KOMipKax (1I0 MOZEMTIOTh JOCTYIIHY I
BOJIM ITOPMCTICTh) OHOYACHO I1 piBHOMIpPHO BapiloBamacs
Biff HY/IA 0O MOBHOTO 3aIIOBHEHHA BCi€i MOPUCTOCTI, 1O
MopentoBaso nporec 3sonoxerHa AHC. Posmip rasosux
IIyCTOT OL|iHIOBaBCsA 3HAYEHHAMN JIO 5 CM Y iaMeTpi.

PospaxyHkn Benm4mHU Kedb Oynu BUKOHaHi Ipu
Bapianil 3HaYeHb TaKUX IapaMeTpiB 30ipku: MacoBoi
gactky SII B IHC; 36aradeHHs (3 ypaxyBaHHAM Ha-
npauoBanHa **Pu) o #°U Big 1,15 % (wjo Bigmosigamo
CepeJHbOMY €KCIIEPMMEHTA/IPHO OTPUMMAaHOMY 3Ha4eH-
HIO BUTOpsAHHA 12,5 MBT - o6y/xr ypany) mo 1,4 %; re-
oMeTpii i 06’eMy MozeIi; YacTKM IyCTOT B 06’€Mi Mozei
(mo 60 % Bif 3arambHOrO 06’€MY), IO HOCTYIIHI A/IA 3a-
IMOBHEHHSA BOJOIO 1 BUSHAYAIOTh 00’€MHMIT BMICT BOL;
KPOKY pery/aAapHOi pelliTKI; TeMIIepaTy Py PO3SMHOXY-
BaJIBHOTO CE€PENOBUIIIA; €IEMEHTHOTO CK/Iay; CTPYKTypH
36ipkn i BimbuBavis.

3a pesy/nbpTraTaMu IMPOBeeHNX PO3PaxXyHKiB O6y1o
OTPVIMAHO JIialla30H OCHOBHUX ITapameTpis Moperni SHC,
10 326e311eYyI0Th HAABHICTb BOX 3HAYeHb KPUTUIHOCTI
B IIpOLeCi HaIXOI>KEHH BOAY B pO3MHOXXYBa/IbHe cepe-
TOBHIIE 1 He TPOTUPIYaTh JOCTYIITHNM €KCIIEPYMEHTAIb-
HUM JaHuM [16].

YTouHI0I0Yi JOCTiA)KeHH I 00 MaTepiaTbHOTO
ckmany ta crpykrypu AHC

Y nmiteparypi IpONOHYETbCA Ba OCHOBHMX BapiaH-
Tn yrBopeHH: JIIIBM. Ilepmuit — K pe3ynbTar B3ae-
Mofii ypaH-IIMPKOHI€BOI €eBTEKTUKY Ta CUITIKaTBMiCHUX
MatepianiB [36]. [Jpyruit — po3unHeHHS PparmMeHTiB
aKTMBHOI 30HN Y CWIIKaTHOMY PO3IIIaBi 3 YTBOPEHHAM

KPEMHIII-IIMPKOHIEBOTO POS3IIIABY 3 HACTYITHUM PO34N-
HEHHAM B HbOMY OKCUJIB ypany [37, 38].

Bpaxosyroun HeMoxnuBicTb yrBopeHHs AHC 3a
PaxyHOK JOMIIlyBaHHA NaJMBa B CUIIKaTHY MaTpPUIIIO
(ockinpKM Mix 9ac JOMIITyBaHHS KOHILIEHTpAIis ypa-
HY fjocsArae He 6inblre, HiX 15 % [39, 40]), 6ymo 3anpo-
IIOHOBAHO KOHLIENTYa/IbHY MOZENb «TOMEHHOI» Bepcii
IpolleciB Ha 3aK/II0UHiil cTafii aBapii. YrBopenusa AHC
i yopuux JIIIBM posrnAagaeTbca AK pe3ynbTaT JBOX
B3a€MOIIOBI3aHIX IIPOLIECiB: IPOLeCY B3aEMOJII PO3-
m1aBy manusa (kopiymy) 3 6eronom (BPB) i mpomecy
I/IaBIeHHs (PpParMeHTiB aKTUBHOI 30HM, AaHAJIOTIYHOTO
Ipoliecy IJIaBJIeHHA MMXTU B MeTa/NypriitHii medi —
momHi [41]. I Momenb mo3BoMIA OI/IbII IOBHO 3Be-
CTU MaTepiaJbHO-eHepreTUYHNUIl 6araHC MpoleciB Ha
3aK/II04HIN cTafii aBapii 4-ro 6710ka YopHOOMIbCHKOT
AEC [42]. V pesynbrati 6y/10 OTpUMaHO eleMeHTHUII
cxnag SSHC IIBM Ta yopHux JITIBM [43], ssxnit 3Ha4HO
Bi/Ipi3HAETHCA Bifl XiMiYHOTO CK/Iafly, OTPMMAHOIO Mif
Yac JOMILIyBaHHSA Ha/JIMBHUX TAaOJETOK B ypaH-CUIi-
KaTHY MaTpUILIO, 10 BUKOPUCTOBYBaBCs B YCiX po3pa-
XYHKaX HelITpoHHO-¢isnuHux xapakrepuctuk AHC no
2015 p. 3okpeMa, OTpUMAHO 3HaYHE 301/IbLIIEHHS BMICTY
LMPKOHiIO Ta 3MeHIIeHHA KOHLIeHTpaljii KpeMHilo, 1110
3HAYHO BIUIVHE K Ha HEMITPOHHO-(i3MYHI XapaKTepu-
cruxu mogerni SIHC, tak i Ha mapameTpu, HeOOXiHI Aist
HOCATHEHHS KPUTUYHOCTI. TaKMM 4MHOM, BPaxoByIo-
un 3poctanHA IITH, mo peecTpyeTbca B IpUMIillleHHI
305/2, i IpUIIyCcKar04Iy MOXX/IMBICTb BUHUKHEHHSA «3BO-
potHoi» KputnuHOCTi (AuB. puc. 5) B AHC, HeobxifHO
MEPErIAHYTHU CLIeHaPill aBapiliHUX IPOLIECiB 3 yTBOPEH-
HAM KOpiyMy Ta nponykTiB BPB, a TakoXX pospaxyHKn
HeTPOHHO-(Pi3MYHNX XapaKTepUCTHK [39], cpopmyBaTu
Ta JOCTiANTY ypaH-IIUpKOHieBY ¢isnuny mopens SHC.
Le pacTb 3MOry OLIHUTY pU3VKY BUHMKHEHHS «3BOPOT-
HOI» KPUTUYHOCTI, @ B pasi HaO/MM>KeHHs 0 aBapiilHuX
3Ha4YeHb MIJKPUTUIHOCTI 3aBYACHO BXXUTHY 3aXOf1B OO
npupgymenns CJIP.

BucHoBku

1. IIpogyxktu BPB MaroTp Taki XapaKTe€pUCTUKMN:
poslapyBaHHSA CTPYKTYPW; HasABHICTb MOPUCTOCTI, JO-
CTYIHOI [/Is1 3aII0BHEHHA BOJOI0; IPUCYTHICTD BOJOHE-
IPOHNMKHOI Kipk1 110 PPOHTY B3a€EMOJI1 po3IIaBy Hau-
Ba 3 6€TOHOM i IIapy TepMiuHO 3pYilHOBAaHOTO OETOHY,
110 IO3BOJIAAE YTPUMYBaTH BOAY B LiJl pO3MHOXKYBaJIbHI
cucremi.

2. OCHOBHMMUM pO6IEMaMN TIiJ] 9ac JOCTIKEHH I
HeTPOHHO-(Pi3MYHNX XapaKTepUCTUK IpoxykTis BPE e:
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BJICOKA HEBM3HA4YEHICTb Pe3y/bTaTiB PO3PaXyHKiB Ha
OCHOBi KOMITIOT€PHUX MOJieJIell Yepe3 HeTOCTaTHIO BYB-
4eHiCTh MOX/IMBMX KOMOiHa1ill pakTOpiB Ta cljeHapiiB
PO3BUTKY 3alIPOEKTHOI aBapii; Mpy eKcllepuMeHTab-
HIUX IOCTiIKEHHAX OTPUMYETbCA HEJOCTATHA KiNMbKiCTh
npoaykris BPB, 06 cTBepmxyBary, 110 iXHiil CKIaj Ta
CTPYKTypa NOBHicTIO Bignosifae IIBM, yrBopenum npu
OBHOMAcUITabHiit aBapii.

3. 1Ii HayKoBi mIpo6eMy BUPIIIYIOTbCSA IMIIE Ha-
TYPHUMH JOCTiIKeHHAMMN NpoAyKTiB BPb, mo yTBO-
PUINCS Ha pealbHUX 00'€KTaX MPOTiKaHHS BaXKKOI 3a-
IPOEKTHOI aBapii, mic/A 4oro MoXKHa 6yjie OTpuMarTu
TaHi MOJO CKIafy Ta CTPYKTypu nponykTis BPB. Ile
JacThb 3MOTY OLiHUTY peajbHi PU3UKM Ta BUKOHATHU
HaJilHy Balifalio po3pobIeHnx Mofiesiel Ta 3aIIpoIo-
HOBaHNX aJITOPUTMiB po3paxyHKiB. [IpeficTaBieHo pe-
3y/IbTATHU JOCTiI KEHb OCHOBHMX IapaMeTpiB nux IIBM,
OTPMMaHMX B YMOBaX BiJJCYTHOCTI IPAMOIO JOCTYIIY
IO CKyIYeHHS.

4. BpaxoBy4mMm 3pOCTaHHS HEMTPOHHOI aKTMB-
HOCTI B ITiBA€HHO-CXifiHiI yacTyHi npuMimenHs 305/2 Ta
TOMYCKal4YM MOXX/IUBICTb BUHUKHEHHSA «3BOPOTHOI»
KPUTUYHOCTI B PO3MHOXYBa/nibHOMY cepepgosuii AHC,
HeOOXiTHO IeperagHyTU PO3PaxyHKM HENTPOHHO-
¢isnunux xapakrepuctuk JHC, chopmysaru i gocmi-
[IUTY HOBY ypaH-IIMpKoHieBy disuuny mopens AHC ax
IPOAYKTY B3aEMOAii Kopiymy 3 6eToHom OII.
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The State of the Scientific Problem Concerning
the Study of the Main Characteristics of the Molten
Corium-Concrete Interaction Products

In severe beyond-design basis accidents with loss of
coolant and destruction of the core, the fuel melt (corium)
can escape from the vessel and move to the concrete base

of the reactor shaft. An analysis of the calculations results
and modeling experiments shows possible options for the
formation of unorganized compositions with a critical
mass of fuel in the molten corium-concrete interaction
products (MCCI). In the presence of water as a mobile
and uncontrolled component in such compositions,
there is a possibility of a self-sustaining chain reaction
(SCR). To ensure the subcriticality control of such
compositions, computational and experimental studies
of the SCR occurrence in the volume of MCCI cluster are
carried out. The problem of eliminating the probability
of SCR occurrence in the volume of MCCI cluster was
solved by choosing sacrificial materials (SM) used in
melt localization devices (MLD). Effective neutron
multiplication factors (K ;) were obtained for the MCCI,
depending on the mass of the SM and its type. On the
basis of computational and experimental studies, it was
shown that when corium interacts with concrete, an
interlayer of destroyed concrete is formed at the boundary
of which there is a ceramic crust, which allows water to
be retained in the breeding system. Also, MCCI is a two-
layer structure containing immiscible metal and oxide
components.

After the accident at the Chornobyl nuclear power
plant, as information about fuel-containing materials
(FCM) was accumulated, work was carried out on the
nuclear safety (NS) estimation of the Shelter object.
Calculations of neutron-physical parameters of
homogenous FCM mixtures during water intake made it
possible to estimate the range of fuel parameters at which
the existence of a critical composition and the occurrence
of SCR in the process of water intake are possible. With
mixed fuel burnup 11,5+12,5 MW - day/kgU the critical
mass of the FCM breeding medium should be 15+30 t
with a mass fraction of uranium (U) 45+60 % and the
moisture capacity is no less than 40 % by volume.

It is known that K for FCM clusters depends
on the mass and mass content of uranium, elemental
composition of the mixture, geometric dimensions,
reflectors, temperature, concentration of water as a mobile
component. All the above calculations were carried out
only for FCM with a fuel mass content of 5+15 %.

It is shown that all FCM clusters localized inside
the Shelter object are nuclear safe, except for the cluster
in the south-eastern part of the subreactor room 305/2.
A nuclear dangerous cluster (NDC) was formed in the
two-meter monolith of a reinforced concrete base plate
(BP) penetration zone. NDC is a water-uranium system
with low-enriched fuel. The estimation of the fuel mass in
the NDC by thermometric measurements, as well as the
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determination (by the downholes of research boreholes)
of its geometry allow us to state that there is the critical
mass of fuel (18-20 t of U) located in a limited volume.

The specificity of water-uranium breeding systems with
low-enriched fuel is the existence of two criticality values. In
June 1990, re-criticality (cold critical incident) occurred when
water entered the cooling NDC. SCR self-extinguishing
occurred due to overmoistening of the breeding medium.
Before the installation of NSC “Arch” (November 2016), the
NDC was in a waterlogged state (according to the second
criticality value) due to the rainwater inflow in the NDC
localization zone. Water was a stabilizing factor. After the
NSC installation and the termination of water access to
the NDC localization zone, a constant increase in neutron
activity is observed, which can only be related to the
processes of water loss through the porous breeding medium
of the NDC. A decrease in the concentration of water in the
breeding medium can lead to “recurrent” criticality with
consequences that are difficult to predict.

According to the results of the calculations, a range
of the main parameters of the NDC model was obtained,
which ensure the presence of two criticality values in the
process of water inflow to the breeding medium and do
not contradict the available experimental data.

All calculations of the neutron-physical characteristics
of the NDC were carried out on the basis of modeling of
the version of critical assemblies for the uranium silicate
version of the physical model. Its chemical composition
was determined on the basis of mixing fuel tablets into the
silicate matrix of the FCM cluster. Taking into account
the impossibility of the NDC formation in this way, since
the concentration of uranium reaches no more than 15 %
during admixture, an uranium-zirconium model of the
NDC was proposed as a MCCI product.

Taking into account the growth of neutron activity in
the south-eastern part of room 305/2, and assuming the
possibility of “recurrent criticality” in the NDC breeding
medium, it is necessary to revise the calculations of
the NDC neutron-physical characteristics, to form and
investigate a new uranium-zirconium NDC physical
model as a MCCI product.
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The nuclear safety monitoring system (NSMS), which is a part of the integrated automated
monitoring system (IAMS), was created within the framework of measures aimed to build
the New Safe Confinement — Shelter Object complex (hereinafter NSC-SO) before the
protective arch itself was slide into design position. During NSMS operation period, the
attempts were repeatedly made to analyze accumulated measurement data, and a number
of important conclusions were obtained regarding the peculiarities of formation of time
trends in the dynamics of neutron flux density (NFD) and gamma-radiation exposure
dose rate (GDR). To reliably detect any NFD and GDR trends and to predict its further
development, special software was developed, deployed and tested at the Institute for
Safety Problems of Nuclear Power Plants of the National Academy of Sciences of Ukraine
in 2022. The purpose of this work was to summarize the data obtained by special software
and to analyze the peculiarities of NFD and GDR dynamics in monitoring point around
the nuclear-hazardous clusters of fuel-containing materials (NHC FCM) localized in the
NSC-SO, for the period after commissioning of NSC. The research carried out allowed
identifying and comparing the general trends in NFD and GDR dynamics, at the same
time, for 16 measurement assemblies of NSMS (32 monitoring points located in NSC-SO
rooms). It has been established that the control parameters dynamics had two main types
according to their manifestation form. The first type is characterized by NFD growth on
the background of gradual decrease in the GDR, for the second one — the same character
of NFD and GDR changes in the form of simultaneous drop in their mean annual values.
Estimated regression equations enabled obtaining quantitative characterization of identified
trends regarding NFD/GDR drop or growth and confirmed previously established general
trends regarding the behavior of control parameters around the NHC FCM. For majority
of monitoring points, gradual GDR drop is noted, but in room 305/2 of NSC-SO, mean
annual rate of GDR drop can significantly differ from decay rate of *’Cs radionuclide to
the downside. The results obtained in this work allow stating with sufficient confidence
that the presence of synchronous NFD growth against the background of synchronous but
opposite nature of GDR drop is typical for monitoring points located near the NHC FCM.
At the same time, the following phenomenon is typical for monitoring points group, where
significant NFD growth is present, and this monitoring area is located in close vicinity to
the NHC FCM boundaries: the greater mean annual rate of NFD growth, the slower GDR
declines as compared to decay rate of '*’Cs radionuclide. The proposed hypothesis is based
solely on the results of statistical study of NSMS data and requires further, more in-depth
study in order to establish physical nature of the discovered phenomenon.
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Introduction

Within the framework of the transformation the Shel-
ter Object into ecologically safe system by the construc-
tion of the New Safe Confinement (NSC), and prior to the
protective arch was set into design position, an integrat-
ed automated monitoring system (IAMS) was created [1].
One of the components of the IAMS is the Nuclear Safety
Monitoring System (NSMS), designed for early detection
of negative trends that may lead to a reduction in the lev-
el of nuclear safety of the NSC-Shelter Object complex
(hereinafter referred to as NSC-SO). In automatic mode,
NSMS continuously collects, processes, stores, and pro-
vides the operational personnel with data on the neutron
flux density (NFD) in the energy range from thermal to 1
MeV and the gamma-radiation exposure dose rate (GDR)
in the energy range from 0.1 to 4 MeV [2].

During the operation of the IAMS, attempts were
made to analyze the accumulated measurement data,
and a series of important conclusions regarding the fea-
tures of temporal trends in the dynamics of NFD and
GDR were obtained, however such studies were limit-
ed to specific single monitoring points and for curtain
monitoring periods only [3-5]. Critical analysis of the
obtained data resulted in a conclusion that reliable de-
tection of any behavior trend of any control parameter
and forecasting its further development strongly re-
quires a different level of systemic analysis and visualiza-
tion of numerous measurement data, registered in each
measurement channel (MC), front-end processed and
filtered by NSMS software [5]. To address this issue, spe-
cialized application software (ASW) was developed, de-
ployed, and tested in 2022 on the computing equipment
at the Institute for Safety Problems of Nuclear Power
Plants of the National Academy of Sciences of Ukraine.
The results of testing proved the ability of the developed
ASW to perform machine analysis of large volumes
of measurement data, determine common trends in the
dynamics of NFD and GDR simultaneously for all moni-
toring points of the TAMS NSMS, and generate reporting
materials required for the NSC-SO nuclear safety state
assessment.

The purpose of this paper is to summarize the data
obtained through TAMS NSMS and the ASW, as well
as to perform a detailed analysis of the dynamics
of NFD and GDR around nuclear hazardous clusters
of fuel-containing materials (NHC FCM) located in the
premises of the NSC-SO over the period after the NSC
commissioning.

General description of measuring equipment and
applied software

The monitoring of GDR and NFD around the zones
of FCM clusters in the NSC-SO was conducted using
the TAMS NSMS sensor assemblies (SA) containing NDF
and GDR detection units (DU) connected to signal pro-
cessing equipment, which forms so called measurement
channels (MC) for NFD and GDR correspondently,
the detailed description of which and location of the
measurement equipment components within the NSC-
SO premises are provided in [2, 5, 7]. Position details
(coordinates) of the IAMS NSMS DUs installed inside
the boreholes of the NSC-SO in the coordinate system
of the ChNPP fourth power unit, are listed in Table 1.

In normal operating mode, MC of SA 01-16 (full
identifiers provided in Table 1) are used for measurement;
when MC of SA 17-19 (full identifiers also provided in Ta-
ble 1) are in indicator mode because the control param-
eter values were at background levels and did not exceed
the DU sensitivity threshold.

Technical approaches to processing NSMS data using
the developed ASW with descriptions of graphical and tab-
ular materials used as background information for the anal-
ysis of GDR and NFD dynamics are detailed in [6]. At this
stage of the research, data analysis was conducted within
the period of 2018-2022. This is due to the fact that even after
the NSC arch was moved into the project position, extensive
construction and commissioning works continued on vari-
ous systems of the NSC-SO. As a result, there were periodic
electrical interferences in grounding contours, electronic
units were powered off, and adjustments were made to their
settings. This led to the measurement data arrays having nu-
merous abnormal results of various origins.

Attempts to statistically process data recorded before
2018 led to the conclusion that quality statistical analysis
could only be performed after their full leveling or properly-
justified exclusion. However, to achieve this goal, additional
filters, not provided in the initial design of the tested ASW
version, need to be created. This issue is still relevant and
requires resolution in the nearest future.

To assess the degree of clarity of identified trends
in each MC and compare them, the values of the relative
annual average rate of change for GDR (V)) and NFD (V)

were calculated:
2021

__XZ(

i=2018

)xlOO%

where N, i N, are the for GDR or NFD average value for
the previous or the next year respectively.
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Table 1. Location details of GDR and NFD monitoring points of the IAMS NSMS

in the NSC-SO complex premises

SA # MC identifier in operating Monitoring DU center coordinate — Borehole or
documents zone monitoring point (axis; line) premises (room)
_S- - 4 s U
NSMS-S-GDR-001 Room 305/2, 6 5550 VL1400
01 +12.0 10.12.78
NSMS-S-NFD-001 om 46 155 VL, 125
_S- - 47 K
NSMS S GDR 002 ROOm 305/2) +800 -2000
02 +8.95 3.9.K
NSMS-S-NED-002 s> m 47,100 Koo
_S- - 47 . U
NSMS-S-GDR-003 Room 305/2, 304/3, -500° 7400
03 193 3.9.0
NSMS-S-NFD-003 > m 47 50 VL0
_S- _ 47 U
NSMS S GRD 004 Room 304/3, ~1000 -2000
04 £9.85 3.10.T
NSMS-S-NFD-004 oo m 47 1100 Vsgno
NSMS-S-GDR-005 48,50 Kiono
05 Rocj-r;11305/2, 3.93K
NSMS-S-NED-005 - m 48 500 Koo
NSMS-S-GRD-006 47_ ;K
06 Ro‘ir;f?j/ 2, 3.9.68
NSMS-S-NFD-006 ' 47K
_S- - 4 s U
NSMS-S-GDR-007 Room 305/2, 9 27000 Y3000
07 +11-11.18 31661
NSMS-S-NFD-007 —em 48 000 V3000
S-GDR- 4 U
NSMS-§-GDR-008 SFP*, Room 505/3, #2950° 742200
08 1246 B.21.96
NSMS-S-NEFD-008 om 44 000 00
_S- - 44 K
NSMS-§-GDR-009 SFP, Room 505/3, +700° 41000
09 +4.0 B.4.103
NSMS-S-NFD-009 Lm 44,000 K oo
_S- - 47 U
NSMS-S-GDR-010 Room 210/6, _1800° ¥ 42050
10 +6.24-6.32 m 105.1
NSMS-S-NFD-010 A 47 153000 VL2400
_S- - 48 K
1 NSMS-S-GDR-011 Vault, Room 504/2, ~17007 7-1000 3151
NSMS-S-NFD-011 15,0 m 4871300; K1000
_S- _ 47
b NSMS-S-GDR-012 Vault, Room 504/2, 900" Lo 315.B
NSMS-S-NFD-012 15,2 m TVANED)
_S. _ 47 U
NSMS-S-GDR-013 Room 305/2, 12007 ¥ 41650
13 91 3.9.B
NSMS-S-NFD-013 L m 47+800; M+1650
46 ISSN 2311-8253 Nuclear Power and the Environment Ne 2 (27) 2023
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Continuation of Table 1

SA # MC identifier in operating Monitoring DU center coordinate — Borehole or
documents zone monitoring point (axis; line) premises (room)
_S- - 47

NSMS-S-GDR-014 Room 305/2, 200 Lo

14 +9.10 m 394
NSMS-S-NFD-014 ' 47 _g00 Lo
NSMS-5-GDR-015 Room 305/2, 504/2, #8200 Ko

15 147 3.15.0K
NSMS-S-NFD-015 4/ m 47 3000 Kasoo
NSMS-$-GDR-016 Room CH** 48 1100 Moieoo

16 31 ’ 3.22.b
NSMS-S-NFD-016 o lm 48 1000 Wasoo
NSMS-S-GDR-017 Room under CH. 42 1300 Ksooo

17 1338 Room 818/2
NSMS-S-NFD-017 om 42 400 K+1000
NSMS-S-GDR-018 Room under CH, 42 13005 Korono

18 333 Room 818/2
NSMS-S-NFD-018 F22.5m 42 5055 K00
NSMS-S-GDR-19 40 ;.5 M—ISOO

19 Room ‘;g‘der CH, Room 821/2
NSMS-S-NFD-19 o m 40,505 M. 500

* Southern fuel storage pool, ** Central hall
Discussion and results

Machine data processing with the developed ASW
enables to investigate GDR and NFD values dynamics,
recorded by the NSMS equipment from 2018 to 2022
(Table 2), assess the features of its trends and determine
the regression equations (Table 3).

The coefficient of determination (R*) values (Ta-
ble 3) were used as indicators of the goodness-of-fit
of the applied model of machine approximation of data
(trend) to the initial values of GDR and NFD. Based
on the R? value defined for each MC, conclusions were
made regarding the acceptability of using the obtained
regression equation in predicting the behavior of GDR
and NFD at the respective NSMS monitoring point
in the following years.

Based on the analysis of the obtained data, it was es-
tablished that the dynamics of GDR and NFD correspond
to two main types, which are illustrated in Figs 1 and 2.
The first type (see Fig. 1) is characteristic of the opposing
trends in the change of control parameters: NFD gradu-
ally increases while GDR drops (MC01-07, 10, 12-14, 16).
The second type (see Fig. 2) is characteristic of similar
consistent changes where both NFD and GDR gradual-

ly and simultaneously drop (MCO08, 09, 11, 15). In both
forms of dynamics, there may be single anomalous results
which significantly differ in amplitude, both higher and
lower, compared to the predominant number of other re-
sults corresponding to a certain general tendency (trend).

The value of R2, estimated for the regression equa-
tion of NFD in MCI10, 12, 13, 15, and 16, was found to be
at a low or very low level (see Table 3), which requires ac-
knowledging the estimated trends as not reliable enough
and treat them as indicators of existing tendencies.
The results obtained for the monitoring points of NSMS
located in room 305/2 fully confirm the data [2-4] re-
garding the tendency for a gradual increase in NFD near
the boundaries of the NHC FCM (see Table 2). At the same
time, the regression equations provided in Table 3 made
possible a quantitative description of the general trend
in the change of GDR and NFD for the entire monitoring
zone of NSMS in the premises of the NSC-SO. Comparing
the above-mentioned distribution of monitoring points
(by the type of dynamics) with the arrangement of MC
detection units in the premises of the NSC-SO (see Ta-
ble 1), the following conclusion can be drawn: in room
305/2, where the NHC FCM is localized or nearby in the
adjacent rooms (MCO1, 10, 12), GDR and NFD change
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Table 2. GDR and NFD year average values for IAMS NSMS monitoring points (m = std)

SA # Control Monitoring period (year)
parameter 2018 2019 2020 2021 2022%
GDR 318.72 £ 1.53 31342 £ 1.61 307.83 £1.70 302.23 £ 1.81 297.15 £ 1.39
o NFD 524.69 + 19.23 534.75 £ 20.10 539.71 + 19.67 542.66 + 19.49 548.45 + 18.66
GDR 51.52 £ 0.24 50.71 £0.31 49.68 £ 0.29 48.78 £ 0.32 47.88 £ 0.28
02 NFD 12.08 £ 0.57 12.82 + 0.62 13.29 £ 0.63 13.87 £ 0.65 14.37 £ 0.65
GDR 25.42 +0.09 25.29 £0.22 24.62 £ 0.12 24.22 £ 0.17 23.73 £ 0.09
0 NFD 63.65 £ 2.84 68.13 £2.93 73.54 £ 3.22 78.69 £ 3.13 82.88 +3.43
GDR 133.83 £ 1.60 129.29 + 0.94 125.88 + 0.98 122.83 £ 0.92 119.98 £ 0.75
04 NFD 366.71 £ 13.82 369.86 + 13.60 372.70 = 8.50 376.78 £ 5.84 383.33 £ 6.13
GDR 403.41 £ 2.81 399.75 £ 2.62 386.85 £ 5.55 386.01 + 0.33 385.00 £ 0.37
0 NFD 1515.6 £ 208.6 1976.8 + 265.3 2519.5 + 242.6 27349 £ 117.7 2654.4 £ 236.1
GDR 13.00 = 0.14 13.03 £ 0.13 12.83 £ 0.09 12.53 £ 0.10 12.22 £ 0.08
06 NFD 28.27 £ 1.05 28.99 + 1.09 3291 £+ 1.47 36.62 + 1.38 39.42 + 1.41
07 GDR 1.012 + 0.017 1.007 = 0.006 0.992 + 0.006 0.974 + 0.006 0.958 £+ 0.006
NFD 95.32 £ 6.58 107.89 + 5.62 118.58 £ 5.90 129.72 + 6.32 136.94 £ 5.71
GDR 151.39 + 5.02 145.28 + 11.44 137.82 + 8.40 131.22 + 4.09 124.69 £ 1.92
0% NFD 41.96 £0.10 41.23 £0.86 40.65 + 0.88 40.08 £ 1.07 39.93 £ 0.87
GDR 1964.30 £ 18.75 | 1910.63 £ 16.71 | 1866.28 £ 16.29 | 1812.81 + 1740 | 1774.35+12.44
09 NFD 880.81 +43.92 865.49 + 43.15 844.91 + 44.99 836.40 £ 43.56 840.68 + 43.76
GDR 196.62 + 1.59 191.33 + 16.82 180.14 + 16.76 174.85 £ 6.25 170.50 + 1.34
10 NFD 323.37 £ 14.43 326.54 + 60.98 332.67 + 13.15 339.83 + 12.44 344.88 + 13.03
1 GDR 70.67 £0.77 69.14 + 0.40 67.74 £ 0.49 66.44 + 0.40 65.13 £ 0.29
NFD 86.53 £ 3.01 87.82 +£2.84 86.29 £+ 3.50 84.71 £2.93 84.13 £+ 291
GDR 28.58 £ 0.31 27.56 + 0.16 2716 = 0.11 26.70 £ 0.14 26.22 £ 0.10
12 NFD 26.44 £ 1.14 26.60 + 1.01 2749 £ 2.47 26.77 £ 1.05 26.92 + 1.04
GDR 2.21+£0.03 2.19 £0.02 2.13£0.02 2.09 £ 0.02 2.04 £0.01
B NFD 6.16 £ 0.91 711+ 0.77 7.25 +£0.50 7.19 £ 0.50 7.23 £ 0.51
GDR 22.47 £0.17 21.94 £ 0.16 21.31 £0.18 20.74 £ 0.16 20.26 £ 0.14
1 NFD 116.89 + 6.08 125.35 + 6.63 133.85+ 6.75 141.90 + 5.93 146.11 £ 5.11
GDR 29.61 £ 0.12 29.15+£0.13 28.66 £ 0.14 28.21 £ 0.15 27.76 £ 0.11
1> NFD 239.86 + 8.74 239.31 £ 8.30 238.46 + 8.16 238.51 £ 8.91 236.51 + 8.27
GDR 85.32 £ 0.52 83.40 £ 0.51 81.69 + 0.52 79.77 £ 0.53 78.12 +£0.43
16 NFD 31.13+3.74 30.96 £ 3.05 32.14 £ 2.24 3442 +2.94 3523 £2.74

Notice. Units of measurement: GDR is measured in Roentgens per hour (R - h™) and NFD is measured in neutrons per square

centimeter per second (n - cm? - s). The data for 2022 is provided up to the end of November.
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Table 3. Results of the regression analysis and assessment
of relative annual average rate of change (drop or increase) for GDR and NFD (V ) V)

Regression equation and coefficient

Relative annual average rate of change

SA # Control of determination for GDR and NFD, %/year
I Years 2018-2022 R? Years 2018-2022 Years 2019-2022
GDR -0.015x + 321.6 0.998 -1.7 -1.7
o NFD 0.015 x + 524 0.50 1.1 0.9
GDR -0.0026 x + 52.1 0.99 -1.8 -1.9
02 NFD 0.0016 x+12 0.95 4.7 4.0
GDR -0.0012 x +25.6 0.99 -1.7 -2.1
0 NFD 0.014x +61.3 0.97 7.6 7.2
GDR -0.0094 x + 134.7 0.99 -2.6 -2.4
o NFD 0.009 x + 366.1 0.51 1.1 1.2
GDR -0.015 x + 406.3 0.84 -1.1 -1.2
0 NFD 0.81 x + 1571 0.71 18.8 11.4
GDR -0.0006 x + 13.2 0.82 -1.5 -2.1
06 NFD 0.008 x + 26 0.94 9.9 12.0
GDR -0.00005x + 1 0.83 -1.3 -1.6
7 NFD 0.028 x + 92.6 0.91 11.0 9.0
GDR -0.02 x+154 0.66 -4.4 -4.7
0% NFD -0.0016 x+42.2 0.77 -1.2 -1.1
GDR -0.14 x + 1991.8 0.997 -2.4 -2.4
” NFD -0.034 x + 882 0.50 -1.1 -1.0
GDR -0.018 x + 196.8 0.40 -3.3 -3.6
10 NFD 0.018 x + 314.1 0.10 1.7 1.9
GDR -0.004x+71.2 0.99 -2.0 -1.9
H NFD -0.002 x + 88.1 0.42 -0.7 -1.4
GDR -0.0016 x + 28.6 0.97 -2.1 -1.6
2 NFD 0.0004 x + 26.7 0.02 0.5 0.4
GDR -0.0001 x+ 2.3 0.97 -1.9 -2.3
B NFD 0.0005x + 6.6 0.17 4.3 0.5
GDR -0.0016 x + 22.8 0.999 -2.5 -2.6
H NFD 0.021 x + 114.1 0.98 6.2 5.5
GDR -0.0013 x + 29.8 0.999 -1.6 -1.6
b NFD -0.003 x + 241.6 0.15 -0.3 -0.4
GDR -0,005x + 86,1 0,999 -2,1 -2,1
1o NFD 0,0021 x + 31 0,14 3,3 4,6

Notice. Units of measurement: GDR in R-h’; NFD inn - cm™? - s x — full day.
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Fig. 1. Example of NSMS control parameters values dynamics of the firs type
according to the results of machine data processing: a — NFD, b — GDR.
Trend graph and regression equation against the background of initial data for SA 07
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Fig. 2. Example of NSMS control parameters values dynamics of the second type

according to the results of machine data processing: a — NFD, b — GDR.
Trend graph and regression equation against the background of initial data for SA 08
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only according to the dynamics of the first type. The dy-
namics of the second type is not characteristic of this
NSMS monitoring zone.

Table 3 shows the calculated results of the relative an-
nual average rates of change in GDR (Vg) and NFD V)
for two monitoring periods as of the data presented in Ta-
ble 2. These calculations were made to assess the reliability
of the data under the assumption that since 2019, the im-
pact of construction and commissioning works in the
NSC-SO on the operation of the NSMS electronic units
was minimized. However, the results of the data compari-
son presented in Table 3, indicated that the corresponding
values of V or V, for both periods did not significantly dif-
fer, with the exceptlon ofafew V, values for MCO5, 11, and
13. This provided grounds to conclude that the monitoring
data for the period 2018-2022 do not contain gross errors
accidentally left unfiltered by the ASW and are suitable for
further analysis. To estimate the limits of possible ranges
of V. and V values, considering the existing discrepancies,
the results for both periods were combined, and the follow-
ing conclusions were drawn. Firstly, NFD is characteristic
of both increase (V, > 0) and slightly decrease (V, < 0) over
time. Secondly, the gradual increase in NFD observed
in most monitoring points can be divided into three inter-
vals by the value of V : <1.9% per year, 4-6.2% per year,
and 7-18.8 % per year. The highest growth rates of NFD
(see Table 2) are observed in close proximity to the local-
ization zone of NHC FCM in room 305/2. Thirdly, the op-
posite trend of slight NFD decrease (|V | < 1.4% per year)
is found only for a few monitoring points, including MC08
and 09, whose detection units are located near the south-
ern fuel storage pool (see Table 1). At the same time, for
the NSMS monitoring zone near the southern fuel storage
pool the NFD decreasing trend is constant and reliable (see
Table 2, regression equations for MC08 and 09). Fourthly,
unlike NFD, GDR is characteristic of a persistent decrease
trend only (see examples in Figs 1.b and 2.b) and all MC
can be grouped into three intervals of V values, %/year:
<1.3, 1.6-2.6, and 3.3-4.7. Moreover, for the monitoring
points located near the boundaries of NHC FCM in room
305/2 (MCO01-03, 05-07, 13, and 14), the average value of Vg
is 1.7 % per year, which is 1.4 times less than the decay rate
of the '’Cs radionuclide (V = -2.28 % per year), based
on the half-life of ¥’Cs (30.1 years). In this case, *’Cs was
used as a stable marker, the law of radioactive decay of *’Cs
provides a sort of checkpoint against which the values of V,
calculated for different monitoring points were compared.
As can be seen from Table 3, the highest V value is ob-
served in MCO8 located near the southern fuel storage pool.
At the same time, in MCO9, V, almost coincides with V.

Another important aspect explored in the study
is worth noting. Figs 3 and 4 present the results of the
search for correlations between weekly average values
of NSMS control parameters in different MC. The chosen
method of presenting the report information in the form
of pairwise correlation coefficients (CC) matrix allowed
obtaining an integral characteristic of the degree of con-
nection between GDR values (see Fig. 3) or NFD values
(see Fig. 4) simultaneously for all monitored rooms of the
NSC-SO for the monitoring period.

As seen in Fig. 3, the results of the regression anal-
ysis demonstrate a common trend from 2018 to 2022 for
synchronous change (decrease) in GDR in all the rooms
of the NSC-SO monitored by NSMS, with one exception
(MCO03). In contrast to GDR, the relationships pattern for
NEFD was not as consistent. However, based on the anal-
ysis of CC values, it is possible to clearly distinguish MC
for which synchronous increase in NFD values is repre-
sentative. First, this is a group of MCs with detector units
installed near the localization zone of NHC FCM (with
the exception of MC 13). Second, synchronous increase
in NFD is observed not only within the abovementioned
group of MC but also concurrently with the other MCs,
whose detector units are installed at different elevation
marks within the NSC-SO outside the room 305/2.

Therefore, the results presented above allow for a fairly
confident assertion that NSMS monitoring points located
near the NHC FCM exhibit synchronous increase in NFD.
At the same time, the dynamics of GDR within this zone
also have synchronous but opposite pattern. Detailed
analysis of the revealed GRD and NFD dynamics features
in NSMS monitoring points with annually recorded con-
stant and significant increase in NFD shows that the value
of V. may be significantly lower than V,, (Fig. 5.a).

For a clearer understanding of the phenomenon not ob-
served before, the monitoring points, where significant NFD
growth (V, < 1.2% per year) and the effect of V decline rate
slowdown compared to V (|V_ | |V, |) were not detect-
ed, were excluded from the data sample depicted in Fig. 5.a.
As seen, the regression analysis results represented in Fig. 5.b,
hardly differ in terms of the functional dependence between
V and V . Moreover, the approximating function in Fig. 5.b
has high reliability (CC = 0.96 for R2 = 0.92). In Fig. 6, the re-
sults depicted in Fig. 5.b are presented in a slightly different
form, showing the functional dependence of the absolute
difference between V, and Vg(AV = V. — V) on the value
of V. This representation provides a more visual demon-
stration of how the GDR decline rate slowdown compared
to the decay rate of ’Cs depends on the value of V , i. e,
on the NFD increase. As mentioned earlier, this phenome-
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Fig. 6. The GDR decline rate slowdown compared to the
decay rate of '¥’Cs (AV) dependent on the NFD (V) increase
rate around the NHC FCM localization

non has not been observed before the NSC commissioning.
Based on the data obtained for 2018-2022, there is no reason
to believe that it may be characteristic of other areas with-
in the NSC-SO. Therefore, it can be assumed that this phe-
nomenon is specific to the NSMS monitoring zone around
the boundaries of the NHC FCM localization.

Conclusions

The research conducted within this study made possi-
ble the determination and comparison of the general trends
in GDR and NFD dynamics after the commissioning of the
NSC. These trends were observed simultaneously for 16
measurement channels of the NSMS TAMS, with detec-
tion units located in different areas and at various elevation
marks of the NSC-SO. Taking into account the latest data,
it can be confidently stated that the dynamics of GDR and
NED can be categorized into two main types. The first type

features an increase in NFD alongside a gradual decrease
in GDR, while the second type presents a similar change
pattern for GDR and NFD, showing a simultaneous reduc-
tion in their average annual values.

The defined regression equations allowed for a quanti-
tative description of the observed trends in GDR and NFD
changes around the NHC FCM. A gradual decrease of GDR
is observed in the NSC-SO. However, in the monitoring
points in room 305/2, where significant annual increases
in NFD are recorded, the dynamics of GDR, in terms of the
decline rate, may be slower compared to the decay rate of the
radionuclide ¥Cs: the greater mean annual rate of NFD
growth in this monitoring zone, the slower GDR declines
as compared to decay rate of '¥’Cs radionuclide. The hypoth-
esis put forward is solely based on the results of the statistical
analysis of the NSMS data obtained from 2018 to 2022. It re-
quires further in-depth investigation to determine the phys-
ical nature of the observed phenomenon.

References

1. Krasnov V. O., Nosovskyi A. V., Paskevych S. A., Rud-
ko V. M.; A. V. Nosovskyi (ed.) (2021). Obiekt “Ukryttia” v
umovakh novoho bezpechnoho konfainmenta [The Shelter
Object in Conditions of the New Safe Confinement]. Chor-
nobyl: ISP NPP, NAS of Ukraine, 344 p. (in Ukr.)

2. SavelievM.V, GodunR. L., Pantin M. A,, Skiter I. S., Sush-
chenko K. O. (2022). The nuclear safety monitoring system
for fuel-containing materials located in destroyed Unit No. 4
of the Chornobyl NPP and proposals for its modernization.
Nuclear Physics and Atomic Energy, vol. 23, pp. 172-181.

3. Vysotskyi Ye. D., Godun R. L., Doroshenko A. O. (2018).
[The dynamics of neutron activity and subcriticality level

54 ISSN 2311-8253 Nuclear Power and the Environment Ne 2 (27) 2023



Features of neutron flux density and gamma-radiation exposure dose rate dynamics

of a nuclear-dangerous cluster in the conditions of NSC-
SO complex]. Problems of Nuclear Power Plants Safety and
of Chornobyl, vol. 30, pp. 78-86. (in Rus.)

4. Pavliuchenko M. I., Krasnov V. A. (2018). [Brief analysis
of results of measured neutron flux density and gamma
dose rate in borehole }0.12.78 of the Shelter object]. Prob-
lems of Nuclear Power Plants Safety and of Chornobyl,
vol. 31, pp. 104-108. (in Ukr.)

5. Vysotskyi Ye. D., Sushchenko K. O., Godun R. L. (2020).
[Expert assessment of the current criticality level of clus-
ters of fuel-containing materials after the New Safe Con-
finement installing]. Nuclear Power and the Environment,
vol. 1 (16), pp. 49-56. (in Rus.)

6. Saveliev M. V., Mykhailov O. V., Sushchenko D. O. (2022).
[Machine analysis of exposure dose rate and neutron flux
density dynamics in the Shelter object according to the data
from the nuclear safety monitoring system]. Nuclear Power
and the Environment, vol. 3 (25), pp. 24-32. (in Ukr.)

7. IAMS-OVER-ZS-1103-E. Technical Design. Explanatory
Note, 2005.

O. B. Muxaiinos, M. B. Casenbes, K. O. Cymenko,
B. B. IMmuTpummnx

Incmumym npobnem 6esnexu AEC HAH Ykpainu,
eyn. Kiposa, 36a, Yoprobunv, 07270, Ykpaina

Oco6MMBOCTi AMHAMIKY IIiTBHOCTi TOTOKY
HelTPOHiB Ta MOTY>KHOCTi eKCIO3UIilTHOT
[03M Y-BUIIPOMiHIOBAaHHA B 00’€KTi <YKpUTTS»
Yopuoounbcokoi AEC micnst BBeIeHHA HOBOTO
6e3neyHoro KoH¢aiHMEHTa B eKCIUTyaTalLifo

IIpoBeneHo aHani3 HAaHUX CUCTEMU KOHTPOIIIO
s/lepHOI 6e3IeKy IHTerpOBaHOI AaBTOMATU30BAHOI CU-
cremu koHTponw (CKAB IACK) ta gocnimxeHo 3a-
rajibHi TeHJEeHLil 3MiHM IIiTBHOCTi MOTOKY HEMTPOHIB
(IIIITH) Ta moTy>xHOCTi excrosnuiitaoi mosu (ITEJ)
Y-BUIIPOMiHIOBaHHA Y IPUMIIIEHHAX 06€KTa «YKPUT-
151> (OY) mic/is BBeJIeHHsI KOMIIJIEKCY HOBOTO Oe3Ied-
Horo KoH(partaMenTa (HBK-OY) B excriryaraniso. 3po-
671eHO BUCHOBKU I[OJO 0CO6MMBOCTell POPMyBaHHSA
puHaMiky IIITH ta ITE]] y pisHMX TOYKaX KOHTPOJIIO
CKAb IACK HaBKOMO A/jepHO-He6e3MeYHNX CKYITYeHb
nanuBoBMicHUX Marepianis (IHC IIBM), mokanisosa-
Hux y npumimenHi 305/2 komnnexkcy HBK-OY. BusHa-
4yeHi TpeHAu 3MiHuM mapamerpis koHTponw CKADb
OIMCAaHO 3a ONOMOroI0 piBHAHD perpecii. [IposeneHo
MIOpiBHAHHA CEPEeNHbOPIYHOI IBUIKOCTI 3MEHIIEH-
us [1E]l y pisuux npumimensax komunekcy HBK-OY
31 mBuAKicTIO po3nany pagionykriga *’Cs. Busnaue-
HO, 0 y Toukax KoHTponio CKAD, ge mopoky micna
BBefleHHA B eKciutyartanio HBK peectpyerbcsa snaune
spocrannA IIITH, ogHOYacHO CIOCTEpiraeThes CyTTEBE
YIOBiZIbHEHHA CEPeIHbOPIYHOI MIBUJKOCTi 3MEHIIIEHH
ITE]] mopiBHAHO 31 MIBUAKICTIO pafli0aKTMBHOTO pO3IIa-
ny i3oromy *’Cs. 3amponoHOBaHO piBHAHHSA perpecii,
AKe Ki/IbKiCHO NIOB’A3y€ ynoBinbHeHHA 3MeHIeHH [TE]]
3ane>xHo Bif 36inpuenss IITH y Toukax KOHTPOIIO
CK4b IACK naBkomno 3ouu nokanisanii AHC ITIBM.

Kntwouosi cnosa: HopHobmnbcoka AEC, HOBuit Ge3neqnmit
KOH(aTHMEHT, 06’ €KT «YKPUTTS”, LIIIbHICTD IIOTOKY
HENTPOHIB, MOTY>KHICTh €KCIIO3UIIITHOI JO3M, perpeciiHmit
aHasi3, KoeilieHT Kopesril.
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The design and construction of the Shelter Object was carried out in a record short time
in extreme radiation hazardous conditions, which did not allow the object to be con-
structed in accordance with the rules and regulations for the design of not only nuclear
installations or facilities for radioactive waste management, but also as ordinary indus-
trial buildings. According to the results of on-site inspections and calculated assessments
of the technical state of the Shelter Object building structures, which were carried out
throughout its existence, structures with an unacceptably high probability of collapse (so-
called unstable structures) were identified. Urgent stabilization measures implemented
in 2004-2008 provide an acceptable safety level of the Shelter Object in terms of the
short-term operation period of its stabilized building structures. In the future, the prob-
lem of unstable structures should be resolved by dismantling them inside the New Safe
Confinement (NSC). The list of unstable building structures of the Shelter Object, which
are subject to dismantling, was determined during the research implementation within
the framework of the Shelter Implementation Plan [2, 3]. A main cranes system (MCS)
is provided in the NSC for dismantling the Shelter Object unstable structures. The main
characteristics of the MCS are given. It is shown that the dismantling of most unsta-
ble structures can be carried out using MCS in the reverse sequence of their installation
during the Shelter Object construction. However, the dismantling of some structures re-
quires additional equipment and special preliminary work. These include the Mammoth
Beam, the weight of which exceeds the carrying capacity of the MCS, and the units of
shields-sealers, which are located outside the MCS operating area. Technological solu-
tions are proposed for the Mammoth Beam dismantling by installing a temporary sup-
port in the middle part of the beam span in order to cut it into two parts that can be
alternately dismantled by the MCS, as well as technological solution for dismantling the
shields-sealers units using a special traverse.

Introduction (NSC), is high enough and will keep on increasing each
year;

The necessity to dismantle the unstable structures of in case of a potential collapse of the unstable structures,

the Shelter Object is driven by a series of reasons: [1]: radioactive dust and aerosols will be intensively resuspend-

the possibility of these structures collapsing, evenin  ed, leading to significant radioactive contamination of the
conditions of operation inside the New Safe Confinement structures and technological systems of the NSC, which
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therefore will worsen the radiation situation and lead to
additional irradiation of the operating personnel, as well as
cause the need for costly decontamination works;

the collapse of unstable structures will have nega-
tive environmental consequences, since a curtain part of
radioactive substances will be released outside the NSC
through the ventilation system and gaps;

the collapse of the Shelter Object unstable structures
onto the damaged structures of the fourth power unit can
trigger their further collapse and lead to the destruction
of existing engineering barriers around the clusters of fu-
el-containing materials (FCM), which will have adverse
effects on the level of nuclear and radiation safety;

the collapse of unstable structures will subsequent-
ly create challenges in the activity of the Shelter Object
transformation, as it will limit the approach to FCM for its
further transferring to controlled state, including retrieval.

Unstable structures subject to dismantling

The list of the Shelter Object unstable building struc-
tures subject to dismantling was specified during the
studies within the framework of the Shelter Implemen-
tation Plan [2, 3]. Considering the technical state of the
unstable structures, their dismantling was suggested to
be carried out in two stages: the so-called “early” disman-
tling and “delayed” dismantling.

“Early” dismantling is the first stage of the unstable
structures high-priority dismantling works, which should
start immediately after the commissioning of the New
Safe Confinement (NSC).

Northern shields - “sticks”

Pipes of the dust
suppression system

Melal structures of the unit
“Mouse's house”

“Delayed” dismantling is the second stage of the un-
stable structures dismantling work, which should start
straight after the completion of the first stage.

The unstable structures subject to “early” disman-
tling include metal structures forming the external out-
line shell of the Shelter Object (Fig. 1), as well as piped
roof sheathing, the Octopus Beam, the Mammoth Beam,
the Mammoth Beam supporting structures, blockages on
the deaerator stack and emergency slabs of its surface. The
rest of the unstable structures, such as beams Bl and B2,
blockages and ceiling slabs above room 805/3, the Dog
House three-dimensional unit and other structures, are
classified for “delayed” dismantling (Fig. 2).

NSC main cranes system

The NSC main crane system (MCS) facilitates the
execution of operations for the dismantling of unstable
structures within the Shelter Object located within its op-
erational zone.

The MCS includes the following primary equipment:
two bridges, each with a length of 96.0 meters, and three
trolleys: a standard load trolley with a lifting capacity of
50 tons, a special safe trolley with a lifting capacity of
50 tons, and a load trolley equipped with a mobile instru-
mental platform (MIP).

The crane bridges move along the tracks on the
under-crane rails and have a suspended structure. Since
the bridge has considerable length (96 meters), each of
the bridges moves on six under-crane rails. The length
of each under-crane rail is 150 meters. The crane bridges

Southern shields - “sticks” I

Southern shields I

The light roof and piped
counter floor

Connecting metal truss

Inclined shields-cover strips

leaned on the coating of the

turbine island and southern
shields - “sticks™

Metal structures of the unit
“Cat’s house”

Fig. 1. Structures subject to “early” dismantling
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Fig. 2. Structures subject to “delayed” dismantling

move in an east-west direction, while the trolleys move in
a north-south direction (Fig. 3).

A load trolley fitted with MIP is equipped with a spe-
cial rigging system. The MIP consists of an upper and
lower platform (Fig. 4). The lower platform of the MIP is
equipped with a device for attaching a manipulator (me-
chanical arm) capable of performing technological oper-
ations using changeable tools and attachments.

Dismantling of the Shelter Object
unstable structures

In accordance with the decisions adopted in refer-
ence [3], the dismantling of unstable structures of the
Shelter Object should be carried out with the involvement
of the NSC main cranes system in a sequence reverse to
their assembly during the construction of the Shelter
Object. This approach entails the following technological
sequence for the “early” dismantling of the Shelter Object
unstable structures:

connecting metal truss;

inclined unites of shields-sealers;

southern stick shields;

pipelines of the dust suppressing system over the
light roof;

light roof over the piped roof sheathing of the cen-
tral hall;

southern shields;

the Cat House unit metal structures;

two parts of the Mammoth Beam with prior instal-

lation of an additional supporting structure;
the Mammoth Beam additional supporting structure;
four parts of the Octopus Beam;
the Mammoth Beam western metal supporting
structure;
the Mammoth Beam eastern supporting structure
metal frame;
the Mammoth Beam eastern supporting structure;
blockages on the deaerator stack at the level 38,600;
parts of the platforms of the Mammoth Beam and
the Octopus Beam supporting structures;
floor slabs of the deaerator stack at the level 38,600;
northern stick shields;

Fig. 3. MCS general view
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Fig. 4. Load trolley fitted with MIP

the Mouse House unit metal structures;

piped roof sheathing above the central hall.

First and foremost, it should be noted that the un-
stable structures dismantling works will be carried out
under challenging conditions inside the Shelter Object,
primarily due to the high radiation levels within all work
areas (WA), which may even increase along with gradual
removal of shields and roof blocks [4].

Furthermore, to prevent the entry of atmospheric
precipitation into the building of the Shelter Object, gaps
between the metal shields and roof blocks were sealed
with metal plate sealers. These sealers are affixed to
metal structures and completely block neighboring ele-
ments. Therefore, to separate each shield and each three-
dimensional unit during dismantling, the sheet sealers
must be removed or cut.

It is expected that a specific set of tasks related to the
dismantling of the unstable structures will be performed
using the NSC crane and a remotely controlled manipu-
lator along with mobile instrumental platform with tools.
However, for the execution of certain technological op-
erations, personnel will also be involved. Workers will
be transported to the WA in a protective, shielded cabin,
which is carried by one of the NSC cranes. To perform
operations related to reconnaissance, rigging security
control, and, in some cases, cutting or structures rigging,
workers will need to be delivered directly to the structure
being dismantled.

It should be noted that the dismantling of the Shelter
Object unstable structures will pose certain challenges,
considering the fact that the DEMAG boom type cranes
used during the accident cleanup period for the Shelter
Object structures erection, had higher lifting capaci-
ty compared to the technical specifications of the NSC

cranes. Furthermore, the maneuverability of those cranes
cannot be compared to the specifics of working within the
confined space of the NSC arch.

As previously mentioned, the dismantling of the
Shelter Object unstable structures is to be carried out us-
ing the MCS cranes in a reverse sequence to their erection.
However, the dismantling of some unstable structures
will have specific features that significantly complicate
these tasks. This research outlines the characteristics
of dismantling structures that go beyond the tradition-
al algorithm of “unlocking — rigging — dismantling.”
Thus, this research focuses on the structures requiring
the involvement of additional equipment and preparatory
work, as well as specific approaches, primarily related to
the current state and geometry of the structures.

Additionally, it should be considered that after mov-
ing the NSC arch into its operational position, practically
all potential work areas for dismantling are completely
dark. Despite the fact that MCS cranes are equipped with
lighting devices for safe work in each area, it will be nec-
essary to install temporary lighting networks.

Peculiarities of the Shelter Object Individual
Unstable Structures Dismantling

The most challenging task in terms of radiation risks,
engineering support, and practical execution is the dis-
mantling of the Mammoth Beam.

The Mammoth Beam is located between axes 40-51.
The total length of the Mammoth Beam is 70 meters, with
a distance between the centers of supporting structures
measuring 54 meters. The beam’s weight is 127 tons. The
beam is supported by a metal western supporting struc-
ture located between axes 50-51 and an eastern concrete
supporting structure located between axes 41-42. The
diagram of the Mammoth Beam is shown in Fig. 5.

It should be noted that the two branches of the Mam-
moth Beam serve as a supporting platform for almost all
the roof shields of the Shelter Object southern roof area,
which need to be dismantled before starting works on
the beam. Therefore, the southern stick shields, light roof
three-dimensional units, southern shields and the Cat
House three-dimensional unit will be dismantled before-
hand. The light roof three-dimensional units do not rely
on the Mammoth Beam but also need to be dismantled,
as they overlap the upper part of the southern shields. All
the mentioned elements of the Shelter Object southern
roof area will be dismantled using the NSC main cranes
system. Computer models of such dismantling are shown
in Figs 6-9.
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Fig. 5. The layout of the Mammoth Beam: 1 — the Mammoth Beam; 2 — western supporting structure;
3 — eastern supporting structure; 4 — building materials debris, reinforced with concrete at the supporting structures;
5 — concreted premises of the deaerator stack; 6 — concrete bags; 7 — supporting structure concrete
reinforced rock installation

Fig. 8. Southern shields dismantling Fig. 9. The Cat House unit dismantling
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Fig. 10. Debris at the place of the Mammoth beam temporary
support installation

The primary challenge in dismantling the Mammoth
Beam is the inability to move it as a whole structure us-
ing the NSC cranes. Therefore, it is necessary to cut the
beam into two parts. To carry out the cutting operation,
a special temporary support must be installed under the
Mammoth Beam near its midpoint. After cutting the
Mammoth Beam, the length of its western part will be
38.5 meters with a weight of 71 tons, and the length of the
eastern part will be 31.5 meters with a weight of 56 tons.
It’s worth noting that the space between the supports of the
Mammoth Beam and between axes B-C-D is filled with
debris from damaged construction structures (Figs 10 and
11). The height of the debris accumulation, in some places,
reaches up to 4 meters. Therefore, the installation of the
temporary support must be preceded by debris removal.

Installation of a temporary support for the Mam-
moth Beam is a complex task, primarily due to the need
to position it under the beam of more than 3 m wide.
Additionally, its resting on the emergency deaerator stack
floor slab is not possible based on load-bearing capacity
considerations. Therefore, more robust structures, such
as surviving sections of reinforced concrete walls along
axes B, C, and D, should serve as the foundation. Given
the distance between axes B, C, and D, the length of the
temporary support will be approximately 19 m, with a
width of no less than 6 m and a height of up to 12 m.
Large dimensions of the temporary support substantially
complicate its installation and the issue of its positioning
under the beam remains open. Therefore, it is necessary
to install the temporary support in parts. In other words,
the support should consist of a stationary part that serves
as the base and transfers the load to the surviving walls,
as well as a movable part that can be maneuvered under
the Mammoth Beam. The layout of the lower stationary

Fig. 11. Current state of the debris at the place of the
Mammoth beam temporary support installation

part of the Mammoth Beam temporary support is shown
in Fig. 12.

The proposed structure of the temporary support
for the Mammoth Beam should consist of several main
elements:

the lower, stationary part, installed at mark of 38.600,
will rest on the prepared areas of the walls along axes B,
C, and D. This part of the support is a rigid framework
structure made of rolled metal, which includes rails or
slide guides at the center of the supporting structures.

the middle part of the temporary support will include
a structural post (tower) with hydraulic jacks attached,
used to move the upper part of the post;

the lower part of the post will be equipped with pairs
of rollers/wheels or sliding skids (similar to the princi-
ple of a bridge crane trolley). Additionally, electric drive
mechanisms of the rollers/wheels or sliding skids, moving
the post along the lower base from the installation point
to the point of beam support, as well as systems for mo-
tion control, jack control, video monitoring, etc. will be
located in the lower part of the support.

The upper part of the support (platform) will consist
of independent cradle structures (pads) raised by jacks to
support the lower part of the beam and hold it in place.
These independent pads can compensate for the torque of
the beam and adjust the uncertainty regarding the dimen-
sions and elevations of the lower parts of the Mammoth
Beam branches.

This design ensures the stability and precise maneu-
vering of the Mammoth Beam temporary support during
the dismantling process.

The assembly of the Mammoth Beam temporary sup-
port should be carried out using the NSC main cranes
system as follows:
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Dismantling of the metal-concrete wall
along the axis I between the axes 45-46

Deaerator stack

debris removal
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Fig. 12. Layout of the lower stationary part of the Mammoth Beam temporary support

the NSC crane delivers the lower stationary part of
the temporary support to the WA in the west-east direc-
tion and turning it by 90° positions it under the beam,
proceeding with its installation on the prepared areas of
the walls along axes B, C, and D;

the NSC crane delivers the middle movable part of
the temporary support to the WA and performs the op-
eration to lower it until the rollers/wheels are in contact
with the rails or guides of the lower stationary part;

the NSC crane is used to transport personnel to the WA,
where work is carried out (including electrical fitting, wiring
and adjusting) to prepare the middle movable part of the
temporary support for movement to its designed position.

With the engagement of the automated control sys-
tem from the central control panel of the NSC or by using
alocal control panel, the middle movable part of the tem-
porary support is moved to its designated position under
the beam. The upper platform with stabilizing pads, aided
by the jacks, securely supports the beam. In case of using
a local control panel, there should be a stationary cabin
for operators in the lower part of the movable temporary

support, equipped with reliable protection against ioniz-
ing radiation.

Once the temporary support is in place, the disman-
tling of the metal structures of the Mammoth Beam can
proceed according to the defined scenario.

Preparatory works:

the NSC crane delivers a container with tools and ele-
ments needed for access paths laying and temporary elec-
trical networks installation to the Mammoth Beam WA;

the NSC crane delivers personnel to the Mammoth
Beam to carry out the installation of access paths, tempo-
rary electrical networks, and lighting;

the western NSC crane in the Mammoth Beam WA
delivers a container for debris removal, equipped with spe-
cial supports for safe installation on an uneven surface;

the eastern NSC crane with MIP and a manipulator
equipped with a special gripper is used to disassemble frag-
ments of building structures in the passageway between
axes B-D, 45-47 down to the mark 38.200 (floor slab above
the deaerator stack). Debris is removed by loading it into
the container and subsequently removed out of the WA for
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Fig. 13. The eastern NSC crane with MIP and a manipulator
equipped with a special gripper disassembles fragments of
building structures

further handling. Along with clearing debris, the cutting
and dismantling of emergency reinforced concrete col-
umns is carried out along axes 45 and 46 (Fig. 13);

the NSC crane with MIP and a manipulator equipped
with a special device is used to cut concrete walls along axes
B and D down to the mark 38.600. Along the axis B, cutting
and further dismantling of the Octopus Beam section be-
tween axes 45-47 is performed, as well as clearing the wall
section along axis B down to the mark 38.200;

structural investigations of the DS structures and
their load-bearing capacity are carried out in the passage-
way where the temporary support is to be installed, and
reinforcement works are performed as necessary;

wall surfaces down to the mark 38.600 in the pas-
sageway between axes B-D, 35-37, are reinforced and lev-
elled by installing metal beams and concreting.

Main works:

using the NSC crane, the lower stationary part of the

Fig. 14. Using the NSC crane, the lower stationary part of
the Mammoth Beam temporary support is set in its design
position on prepared wall supports

Mammoth Beam temporary support is transported to the
WA and set in its design position rested on prepared wall
supports along axes B, C, and D (Fig. 14);

the NSC crane delivers the middle movable part of
the temporary support to the WA and installs it on the
lower stationary part (Fig. 15);

the NSC crane delivers personnel to the Mammoth
Beam temporary support, to check the correct alignment
of the parts, connect electrical drives, and set the movable
part in the design position under the beam;

due to the action of the jacks, the upper part of the
support (platform) with independent cradles supports
and reliably fixes the branches of the Mammoth Beam,
the branches will keep fixed by the platform arresting de-
vices within the entire period of work (Fig. 16);

the NSC crane with MIP and a manipulator equipped
with a special air-plasma device are used for transverse cut-
ting of the northern and southern branches of the Mammoth

Fig. 15. Using the NSC crane, the middle movable part
of the temporary support is installed
on the lower stationary part

Fig. 16. The middle movable part of the temporary support
is moved along the stationary part and set in the design
position under the beam
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Beam. The entire process is monitored by video surveillance
equipment, and it also performs the final control of the cut-
ting point to confirm the detachment of the parts (Fig. 17);

two NSC cranes equipped with special grips collabo-
rate to approach the Mammoth Beam, fix the western cut
part, and, after verifying the reliability of the retention,
remove it out of the WA for further handling. The eastern
part of the beam is dismantled in the same way (Fig. 18).

Dismantling the parts of the Mammoth Beam tem-
porary support follows the sequence reverse to its instal-
lation.

The dismantling of inclined units of shields-sealers
located in the southern roof part of the Shelter Object
also requires the implementation of non-standard tech-

> il g

Fig. 17. Using the NSC crane with MIP and a manipulator
equipped with a special air-plasma device transverse cutting
of the Mammoth Beam branches is performed

4!

NI

Fig. 19. General view of the shields-sealers after the Shelter
Object final completion

nological solutions. The complexity of their dismantling
is due to their location outside the operating zone of the
NSC cranes.

Figs 19 and 20, show the location of these inclined
shields-sealers on the Shelter Object roof immediately
after its erection in 1986 and their state before the NSC
installation in design position.

Since the inclined shields-sealers are located outside
the operating zone of the NSC cranes, additional equip-
ment should be used for their dismantling. A balancing
traverse attached to the NSC crane hook expanding its
lifting range could serve this purpose.

As an option, the balancing traverse may be designed
as an extended frame with a suspension device and a hook

Fig. 18. Two NSC cranes equipped with special grips
collaborate to fix the cut part of the Mammoth Beam, and
transport it for further handling

Fig. 20. State of the shields-sealers after the Selter Object
rooftop sealing completion
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The NSC crane hook

Balancing traverse

Fig. 21. Model of a balancing traverse
for dismantling works

on one side and a movable counterweight on the other.
During the dismantling process, a unit of shields-sealers
may be hooked on the traverse hook using special grip-
ping devices or slings. The counterweight is therefore
shifted from the neutral position (centered on the frame)
to the opposite side of the load using an electric drive until
the weight is balanced.

It is worth noting that a remotely controlled unit
(RCU) with a cutting device for disconnecting one roof
shield-sealer unit from another can be attached to the
traverse hook. Using the cutting device of the RCU
during the unblocking of these and other units mini-
mizes human personnel involvement in performing these
tasks in the challenging radiation conditions of the Shel-
ter Object.

The dismantling of the inclined shields-sealers can be
carried out according to the following scenario.

Preparatory works:

the NSC crane with a balancing traverse delivers a
container with tools and necessary equipment for setting
up temporary electrical networks and lighting onto the
turbine island roof;

the NSC crane with a balancing traverse delivers
personnel to the shields-sealers area to install temporary
electrical networks and lighting;

the NSC crane with a balancing traverse with the
RCU attached to it, is positioned near the shields-sealers
area and the RCU is used to saw longitudinal fastenings
between the shields-sealers lifting hooks and to cut the
rolled steel sheeting between the units.

the NSC crane with a balancing traverse delivers per-
sonnel to the shields-sealers area, where they check if the

Fig. 22. Shields-sealers units dismantling using the NSC
crane with a balancing traverse

units have been sufficiently unlocked. Additional cutting
may be performed if necessary.

Main works:

the NSC crane with the balancing traverse delivers
personnel to the shields-sealers area to sling and secure
the first (western) unit on the crane’s hook and tension the
slings. After ensuring the load is securely fixed, the metal
unit of a shield-sealer is dismantled;

the NSC crane lifts the dismantled unit and moves it
to the western part of the arch space for further handling.

All the shields-sealers units are dismantled sequen-
tially from west to east. Units from the lower roof of the
turbine island are removed first, followed by those from
the higher roof. To exit the WA in this scenario, personnel
use access paths on the higher roof of the turbine island,
where a metal ladder and a cargo lift are located.

Figs 21 and 22 demonstrate a possible model of the
balancing traverse and a computer model of the shields-
sealers units dismantling process.

Conclusions

The scenarios presented in this paper highlight the
fact that the dismantling of the Shelter Object unstable
structures with the use of NSC cranes may not always
follow the reverse sequence of their erection and goes be-
yond the traditional algorithm “unblocking — rigging —
dismantling”.

The main challenges derive from the differences in
the lifting capacities of the DEMAG boom type cranes
that were used during the Chornobyl disaster recovery
period, which were larger compared to the technical
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characteristics of the existing NSC cranes. Additionally,
the maneuverability of boom type cranes cannot be com-
pared to the specifics of the NSC cranes operation within
the confined space of the NSC arch.

Dismantling of certain unstable structures will fea-
ture curtain peculiarities, which will significantly compli-
cate the works. The research focuses on the dismantling
of specific unstable structures, considering the need for
additional equipment and preparatory work with specific
approaches primarily related to the current state and ge-
ometry of the structures.

During the studies, existing documents related to
solving the Shelter Object unstable structures dismantling
issues have been studied, and some new approaches have
been proposed, not to be considered as final solutions,
but to provide a direction for further refinement of ideas
that will form the basis for the design and execution of
these works.
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Incmumym npobnem 6esnexu AEC HAH Ypainu,
eéyn. Kiposa 36a, Yoprobunv, 07270, Ykpaina

Oco6MMBOCTi IEMOHTAXKy OKpeMIX HeCTabimbHIX
KOHCTPYKILiit 00’ekTa “YKpurrs”

3a pesynbpraTaMiy HaTYPHUX 0OCTEXXEHb Ta PO3PaxXyH-
KOBUX OL[iHOK TeXHIYHOr0 CTaHy Oy[iBebHIX KOHCTPYKIIii
o6’ekra “YKpuTTs’, 110 BUKOHYBA/IUCh 32 BECh IEPiOf 10T0
icHyBaHHs1, Oy1M BUSABIEHI KOHCTPYKLil, iMOBipHicTH 06Ba-
JIeHHA AKUX HEIIPUITYCTUMO Be/uKa (Tak 3BaHi HecTabinbHi
KOHCTpyKuii). PeamizoBani y 2004-2008 pp. HeBigknamni
crabinisaniiizi 3axonu 3a6e3Me4yOTh IPUITHATHNI PiBEHDb
6esmekn o6'exta “YKpuTTst® 3 OI/IsILY Ha KOPOTKOCTPOKOBUIT
TepMiH eKCIUTyaranuii itoro cTabinisoBaHux OyfiBe/IbHNX KOH-
crpykuiit. Hagani npo6ema HecTabimbHIX KOHCTPYKIiIL IIO-
BIHHA BUPIIIyBaTHCh MIJIAXOM IXHbOTO JeMOHTa)Xy BCepeVHi
HOBOro 6e3meyHoro kondatumenta (HBK). [l BukoHaHHst
orepaiit 3 JeMOHTa)XXy HeCTabi/IbHNX KOHCTPYKLI 06’ €KTa
“Yxpurrs” B HBK nepenbadena cucrema OCHOBHUX KpaHiB
(COK). HaBegmeno ocuosHi xapaktepuctuku COK. ITokasa-
HO, L0 JEMOHTaX OiNbUIOCTI HecTabiIPHIX KOHCTPYKIfii
MoO>Ke 37iJicHIOBaTMCA i3 3acTocyBaHHAM COK y mocninos-
HOCTI 3BOPOTHII IX MOHTaXy Hif4ac 6y[iBHMIITBA 00’€KTA
“Yxpurta”. IIpote icHYI0Tb KOHCTPYKIii, JeMOHTaX SAKUX
noTpebye 3ayYeHHs JORATKOBOrO OOIafHAHHS | IPOBENeHH
CreniabHMX MigroToBunx pobir. Ile 6anka “MamoHT”, Bara
saxoi nmepesnutye BanTaxomigiiomuicts COK, i 6/10ku muris-
HaIiJIBHUKIB, fIKi po3TamoBaHi 3a Mmexamu 3o0uu gii COK.
3anponoOHOBAHO TEXHOJIOTIUHI pillleHHA I[OJ0 AEMOHTAXY
6anky “MaMOHT” LUISXOM BCTAaHOBJ/ICHHS TUMYaCOBOI OIOpM
B CepeRHill YacTUHI IPOroHy 6aIKu 3 MeTOI0 11 po3pi3aHHs
Ha [1Bi YaCTMHY, AKI MOXXYTb II04eProBo OYTU AeMOHTOBaHi
COK, a TakoX 3aIpOIIOHOBAHO TEXHOJIOTiUHi pilleHHA 3 Je-
MOHTaXy 0JIOKiB INMTiB-HALiTPHMKIB 3 BUKOPUCTAHHSIM
CIeliaJIbHOI TPaBepCH.

Kniouosi cnosa: 06’ext “YKpurTs’, HOBUIL Oe3medHnmit
KOH(ATHMEHT, CCTeMa OCHOBHUX KpaHiB, MOGiTbHa
iHCTpyMeHTa/IbHA IIaT¢OpPMa, HeCTabOIIbHI KOHCTPYKIL,
30HA BIUKOHAHHs POOIT, TEXHOMOTIYH] pillleHHI.
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Cucremuuii migxim 1o ¢popMyBaHHS METOANKY MOPiBHTTBHOTO
aHaJi3y CHeHapiiB mepeTBOPEHH 00’ €KTa «YKPUTTI»
Ha eKOTIOTiYHO 6e3meyHy cucTeMy

Kntouosi cnosa:

00’€KT «YKPUTTSI»,

aHaJIi3 cueHapiis,

CUCTeMHMUI ITiXifI,

€KCIIEpPTHI MeToau,

MeTonu 6araToKpuTepiasbHOL
ONTUMI3allii,
6ararogaxropHi Mogerni

IIpencTaBneHo ZOCTIKEHHs, IOBsI3aHi 3 CUCTEMHUM MHifX0KOM /10 GOpPMyBaHHS Me-
TOZ VKV TIOPiBHSIBHOTO aHA/II3y CI{eHapiiB mepeTBOPeHHs 060'€KTa « YKPUTTSI» HA €KO-
norivHo GesmevHy cuctemy. BusHaueno iHpmkaTopu Ta (GaKTOPM OLHKM CLieHapiiB,
IPOBEMIEHO IXHE IPYNyBaHHs 3a KPUTEPLsAMU eKOTIOridHOI Hesmexnu. 3ampomoHOBaHO
CUCTEeMHMI HifXiJ [0 peanisanii MeTOAMKM OLIIHKMU CLieHapiiB 3a JOIIOMOTOK TPbOX
KiaciB MeTofiB. CUCTeMHICTb BU3HAYeHHS LIIHHOCTEll CLieHapiiB peaidyeTbcs eTar-
HicTIO focnijkenb. Ha mepmomy erami aHanisy 3alrporoHOBaHO METOLMKY AKiCHOTO
MOPiBHAHHA CIIEHapiiB Ha OCHOBI KOJIETiaIbHOTO €KCIIEPTHOTO OLliHBaHHA. Ha npy-
FOMY €Talli 3aIPOIIOHOBAHO METOAMKY OaraToKpuTepiasbHOI OnTMMI3arii f/s mapa-
MeTPpUYHOI JleTanis3alnii IIiHHOCTEeN ClieHapiiB Ta NpMItHATTA pimeHb. Ha Tperbomy
eTaIi CUCTeMHOrO MiAX0AY po3pob/eHo anroputM no6ynosu 6araropakTOPHUX MOfe-

JIeVi 1711 BUSHAYEHH A TapaMeTPiB yIpaB/IiHHA.

Beryn

3a BusHaueHHsAM [1] HOBmit Ge3meunnit KoHdpaiH-
meHT (HBK) — 1e ciopypa, sika BK/II09a€ B cebe KOM-
I/IEKC TEXHOJIOTIYHOTO O6/MagHaHHA [/Is1 BUTYYEHHS
SIIepHUX MaTepiajiB, IOBOMXEHHA 3 paflioaKTUBHUMU
Bigxogamu (PAB) rTa iHmi cuctemu, mpusHadeHa pjis
IiAZIBHOCTI 3 IepeTBOPEHHA 00'€KTa «YKPUTTA» Ha €KO-
noriuno 6esneuny cucremy (EBC) pns 3abesnedenus
OesIeKy epCcoHay, HaceJIeHH Ta JJOBKI/IIA.

Beenennsa B excrnyaraniro HBK € gpyrum eranmom
peasnisanii 3aBIaHH 3 IepPeTBOPEHH: 00'€KTa « YKPUTTSI»
Ha EBC [2]. IToyaTok pobit 3 peasnisanii TpeTboro eramy
nepep6adae K CKIafOBY BUOIp CIieHapiiB epeTBOPEHH
o6’exta «Ykpurtsa» Ha EBC.

[Tinxoxmu mo BUOOPY clieHapiiB MOBMHHI 6a3yBaTUCh
Ha CTBOPEHHI METOAUKY IXHbOTO MMOPiBHATBHOTO aHai-

3y. Y pobori [3] 3a3HaueHO, 1110 00’€KT HOCTII>KEHHS B-
7si€ CO60I0 CKIAJHY CUCTeMY i pOpPMyBaHHS METOAVIKI
OLIiHKM CLieHapiiB MOBMHHO 6a3yBaTNCs HA BpaXyBaHHI
MHOXXVHU SIKiCHO pi3sHOpifHMX (paKTOPiB Ta iHANKATOPIB.
Tomy 3aBEaHHS CTBOPEHHS METOAVKM IIOPiBHSIBHOTO
aHaJli3y cieHapiiB morpedye, KpiM aHaTi3y TeXHIYHMX,
TeXHOJIOTIYHNX, eKOHOMIYHUX, PiHaHCOBMX NOKa3HUKIB,
AKi OyJyTb CyIpOBOAXKYBAaTU IIPOLieC IepeTBOPEHH
00’ekTa «YKPUTTs», TAKOXX CUCTEMHOTO TiIXOAY /1O OLfiH-
KM Ta IIOPiBHSIHHS CTaHIB 00 €KTa [OCTiI)KEeHHSI, METOMIIB
NPUIHATTA pillleHb Ta YIpaBIiHHA.

Takwnit mifxin Ko cTBOPEeHHS METONVIKY AHATI3Y CIie-
HapiiB JacTb 3MOTY OIITMMA/IbHO BUKOPVCTOBYBATH €KO-
HOMiYHi Ta BiHaHCOBI pecypcy, 6e3IeKOBi XapaKTepUCTUKI
HepCOHATY 1 HABKO/IMIITHBOTO CepefiOBUINA Ta CPOpMyBa-
TY ONITMMAaJIbHi YIPaBIiHCBKi PillleHHA Mifl 9ac peamisanii
ClieHapiiB IepeTBOpeHHs 00'ekTa «YKpuTTs» Ha EBC.

© I C. Ckirep, 2023
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ITocTanoBKa mpo6nemMu Ta 3aBJaHHS
TOCTiI>KEHH A

3rigHo 3 aHanmizoM HOpM, IpaBwI YKpainu [4] Ta pe-
koMenpaniint MATATE [5], kpurepii npuitHATTA pilleHb
JiIsI IPOBEJIeHHST OLIHKM €KOIOTiYHOrO PiBHS Oe3meKn
BM3HAY€Hi TAKMM YMHOM:

3ano6iraHHs ANEPHOMY IHI[U/ICHTY;

KpuUTepii IpoTUpaiallifiHOTO 3aXNUCTY;

KpuTepii noBomxeHHA 3 PAB;

3araJIbHOTEXHIYHI KpUTepii.

3a3HadeHi KpuTepii 3AilicHeHHA aHaJIi3y eKO/IOoTid-
HOI 6e3IeKky BapiaHTiB BUKOHaHHS pOOIT Mif yac peari-
3a1ii crieHapiiB MOETAaITHOTO BUTyYeHH A /T BOBMICHUX
MmatepianiB (IIBM) BusHauaTbCs 32 JOIIOMOTOIO CEMU
MOKa3HUKIB eKOJIOTi4HOI Oe3meKu:

BapTiCTh BUKOHAHHSA POOIT (3 BUTpaTaMy Ha IIPOTHU-
papianiiiHmit 3axuct i noBopxkeHHs 3 PAB);

KonekTnBHa eexTuBHa fo3a (KEM) mix vac peari-
3allii 3aX0/IiB;

KOJIEKTVBHUII PafioNOriqHMIl pUSKK ITepcoHany (6e3
ypaxysanna KE]] mig gac peanisanii saxony);

KOJIEKTVIBHUII PaflioJIOTIYHMIT PU3UK HACe/IeHHA (3
ypaxyBaHHAM MOTEHLI/THOTO OPOMiHEHH Hace/leHHA
B YMOBaX MOXX/IMBUX aBapiliHMX CUTYaLiif ITiJ] 9aC BUKO-
HAHHS YU HeBUKOHAHHS 3aI/TAHOBAHMX POOIT);

¢dinaHCOBUI pU3KK (3 ypaXyBaHHAM IMOTEHIITHUX
BUTpAT Ha JiKBiflallil0 HAC/TiAKIB MOXK/IMBUX ABapiliHUX

CUTYyalill IijJj 9ac BUKOHAHHA Y/ HEBMKOHAHHA 3aIlyla-
HOBaHIUX POOIT);

qac peasisalii MIPOEKTY;

BeJIMYMHA MOXK/IMBOI HEBYM3HA4E€HOCT].

I MOpiBHANBHOTO aHali3y clieHapiiB moeTar-
Horo BunydeHHs [IBM 3 o6’ekta «YKpuTTsA» 3a3Ha-
JeHi BUIe CiM MMOKa3HMKIB eKonoriunoi 6esmnekn 6yo
BM3HAYEHO 3a JoroMorolo 11 ingukaTopis [6], HaBefe-
HUX Y TabOmuIi.

O6’eKTOM HOCTi)KEHHsI € MOPIBHSIBHUIT aHATIi3
clieHapiiB ImepeTBOpeHHs 00€kTa «YKpuTTs» Ha EBC.
IIpenmeToM mOCHi[)KEHHA € METOAMKA NPOBENEeHHA
MOPiBHANBHOTO aHaNi3y clieHapiiB. Buxopga4u 3 BusHa-
JeHHs 00'€KTa Ta IpefiMeTa JOCTiKeHb y MeXKaX CTaTTi,
MOYXHa COPMYITIOBATH 3aBJAHHSA JOCTiKeHHA:

OIIJIC Ta BM3HAYE€HHA OCHOBHUX IIapaMeTpiB MacCUBY
iHMKaTOpPiB, Ha OCHOBI AKMX OyZie IPOBOJUTICH HOPiB-
HAJIHUI aHaJIi3 CIleHapiiB, GopMyI0BaHHA KpUTepiiB
OIIiHKM ClIeHapiiB;

BUOIp Ta XapaKTepUCTUKA METO/IB i MOfieielt OLliHKI
dakTopiB Ta IHAMKATOPIB, IXHIX 3B¥3KiB Ta BIUIMBIB Ha
Pe3y/NbTyI04y O3HAKY;

CTBOPEHH: aJITOPUTMY CUCTEMHOTO aHaji3y cle-
HapiiB.

ITocraBneHi 3aBIaHHA JAIOTh 3MOTY Peasli3yBaT OC-
HOBHY METY JOCTiI>KEHHA — CUCTEMATU3yBaTHU IpoIieC
CTBOPEHHS METOAVKM IIOPiBHATBHOTO aHA/Ii3y Ha OCHOBI
OCHOBHMX IIPMHIMNIIIB TeOpii cucrem.

InguKaTopu A/14 NOPiBHAILHOIO aHATi3Y ClleHapiiB moeTanHoro Buny4eHHsa IIBM

Nen/m Inpukarop IlosHauenHs

1 ExcrnmyaTaniiiai BUTpaTy Ha 3abes3nedeHHs1 IOTOYHOI Oe3Ieky 00’eKTa « YKPUTTS», TUC. TPH OE, .

) Butparu Ha CTBOpeHH 3aXMCHMX 6ap’epiB A yTpuMaHHs Ta i3omsuii IIBM micys 3HATTS OE
3 excrryaTanii HBK, tuc. rpu 3B

3 Butparu Ha cTBOpeHH TOHATKOBOI iHPPACTPYKTYpH [/ BUTYYEHH Ta IIOJA/IbIIOTO OF
nosofykeHHA 3 [IBM ta inmmumu PAB nicnsa suaTTa 3 excnnyaranii HBK, Tuc. rpa car
Cryninb Bukopuctanug inppactpykrypu HBK niis BumrydeHHs Ta IOfaIbIIOro

4 . Ly
noBomKeHHA 3 [IBM ta inmumu PAB, %

5 PusyuKy HETOTOBHOCTI CXOBUIL /1S IPOMI>KHOTO 36epiraHHs BunydeHux [1BM, % R, s

6 Pusuku HErOTOBHOCTI T€0NIOTiYHOTO CXOBHUIIA A1l OCTATOYHOTO 3axopoHeHH:A IIBM, % R,

7 Papionoriuni pusuku, nof./pik R,

8 Pusnku 3miHeHHA BactuBocrell (gerpapanii) [IIBM 3 minHoM vacy, % R,

9 Pusuku HegodinaHCYBaHHA poOiT 3 moeTanHoro BuaydeHHs [IBM ta nopanpiioro R
IOBOJI>)KE€HH:A 3 HUMM, TUC. TPH/PiK Hie

o > . 0,
10 Pusuku pyiiHyBaHb 3aXMCHIUX Oap’epiB HaBKOIO ckymueHb [IBM 3 nminuHOM vacy, % R,
11 Yac peanizanii mpoexTy (creHapio), poku T
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CucreMHicTs ipu GpopMyBaHHI METORMKI
NMOPiBHANBHOIO AHAIIi3Y CIleHapiiB

BuxopucTaHHA CUCTEMHOTrO aHami3y Ipy OLIHII
ClieHapiiB mepeTBOpeHH: 00’ ekTa « Ykpurtsi» Ha EBC nae
3MOTr'y IPOBECTH He Ti/IbKM aHai3 MpefMeTa TOCTiIKeH-
Hs — TOPiBHANIBHOTO aHAMi3y CIieHapiiB — aje 1 JOoCHi-
OUTY METOAM IPUMHATTA pillleHb M0J0 IXHBOTO ONTH-
MaJIbHOTO BIOOPY/paH)XyBaHH: 3a BiTHOCHOIO I[iHHICTIO
Ta popMyBaHHA yIPaB/ITiHCHKIX pillleHb I[OO IPOLeCy
peanisaiiii crieHapiis.

Peanisanisi o0CHOBHUX NIPMHIMNIIIB TEOpPil CUCTEM —
iepapxiqHOCTI, 30epeXeHHsI Ta MPUINHOBO-HACTIIKOBUX
06MexxeHb — MOXKe OYTI IIPOBefieHa IULIXOM eTallHOCTI
DOCTi/>KeHb Ta TPAKTyBaHHA OTPVMMAaHUX Ha KOXXHOMY
eTami pe3ybTaTiB 3 METOI MPUIHATTA epeKTUBHUX
OpraHisaliifHO-yIpaBIiHCbKUX PillleHb.

CucTteMHMI MifXif fo peasisariii 3aBIaHHs pO3POOKM
METOJVIKI OPIBHAIBHOTO aHaIi3y CLIeHapiiB IepeTBOPEH-
Hs 00’exta «YkpuTTs» Ha EBC npescrasieHo Ha puc. 1.

Kputepii npuitHATTA pillleHb /1A IPOBENEHHS OLIiH-
KIf €KOJIOriuHOTO piBHs 6Ge3meku (610K 1) Bu3HaUYeHO
Buie. Bonu € 6asom mya noganpuioro ¢popMyBaHHA CH-
CTeMU aHaJli3y CIleHapiiB.

3asHaveHi KpUTepil A7Is1 PAKTIIHOTO 3ACTOCYBAHHS —
3MIiJICHEHHS aHai3y eKOJIOriYHOI 6e3meK pooiT mif Jac pe-

anmisanii ciieHapiiB moeramnHoro BunydeHHA [IBM — BusHa-
YyeHi ciMoMa ITOKa3HMKaMy eKOJIoriaHOi 6e3rexu (6710K 2).

I MOPiBHANIBHOTO aHAIi3y CIleHapiiB MOEeTaITHO-
ro Buny4eHHA [IBM 3a3HadeHi MOKasHUKM €KOTOTi9HOI
6e3meKy BU3HAYAIOTHCS 3a HOMOMOroro 11 iHgnkaropis
6ok 3) (guB. Tabmuio) [7]. Ingukaropu 1-11 moxxHa
3rpynyBaTy 3a paKTOpiaTbHMMM O3HAKaMIL, A CaMe:

OesreKoBi CK/Ia/[0Bi cLieHapiiB (ingnkaropu 7, 8, 10, 11);

¢dinaHcoBi cknafoBi (iHgukaropu 1, 2, 3, 9);

iHppacTpyKTYypHI CKIafioBi clieHapiiB (iHAMKaTOpK
4,5,6).

3rpynoBaHi TaKMM YMHOM iHJMKATOPY € OCHOBOIO
JiIs1 BUKOPUCTAHHS BifTOBiAHNX MeTORiB (6710K 4) myst
OIIiHIOBaHH: Ta IOAA/IbIIOrO OPiBHAHHA CIieHapiiB:

excrepTHi MeToau (6710k 4.1) Hal0Th 3MOTy Ha OCHOBI
KOJIETiaTbHNX eKCHepMHUX OUiHOK TPYII paKTOpiB Ta ix-
HiX IHIMKATOPiB BUSHAYNTY YMCE/IbHY OL[iHKY OKPEMOMY
CLIeHapilo i IpOBeCTU IXHE paH)XYBaHHA 32 BETMYMHOIO
IXHBOI BiTHOCHOI IIIHHOCTI;

Mmogeni 6aratokpurepianproi ontumisarnii (BKO)
(6mok 4.2) maoTh 3MOTy Ha OCHOBI MacuUBY napame-
MPUHHUX OUiHOK IHAMKATOPIB [/ BifIOBifHOTO dak-
TOPA, @ TAKOX AJIs HAbOpy PaKTOPiB IPOBOANUTY OLIiHKY
«IIHHOCTi» CIleHapiiB 3TiZHO 3 ynogob6aHHAMU 0CcO0M,
AKa npuiiMmae pimenns (OIIP), mpoBoguTy paH>xyBaH-
Hs cueHapiiB 3a 3anutom OIIP, ixHI0 Kopek1tito Ta B16ip;

bnox 1. Kputepii npuitHATT pillleHb A4 NPOBeJeHHA OLIiHKA
€KOJIOTIYHOTO PiBHs Oe3IeKn

v

Bnox 2. ITokasHUKM €KOJIOTi9HOI Oe3meKn

bnoxk 3. IngukaTopu 41 MOPiBHANBHOTO aHA/I3Y ClieHapiiB moetanHoro BurydeHHA [IBM

/\

3.1. be3mnekoBi ckmagoBi

3.2. ®iHaHCOBI CK/IAOB1

3.3. Indpacrpyxrypni
CK/IamoBi

v v

v

brnox 4. Mertopy onjiHIOBaHHS CIleHapiiB Ha OCHOBI aHaIi3y (aKTOPiB Ta IHAMKATOPIB

4.1. ExcriepTHi MeTOAM

4.2. Mopeni
6araToKpuTepianbHOI ONTHMI3ALLI

4.3. bararodakropHi
MoJemi

Puc. 1. Cuctemuuit nifxin go peanisarii 3aBgaHHs po3poOKM METOLUKY IOPiBHS/IBHOTO aHATi3y
ClieHapiiB mepeTBOpeHH 06ekTa «YkpuTTsA» Ha EBC
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. Macus cueHapiis
. . H o . '
Memoodu ananisy i Pesynomamu ananizy Hpuiinamms piwenv '
1 ' 1
| | |
. ' SxicHe ; !
ExcrieptHi MmeTogy  |—— . : PamxyBaHHA ;
: MOPiBHAHHA ' :
: ! :
i : : :
: E : Bubip
Metomu BKO i [lapamerpudne : ITigTpnMka ' OIITMMAJIbHUX
: . H K ! .
: TTOPIBHAHHA : IPUITHATTA pillleHb : YTIPaBIiHCHKIX
1 H 1 .
' : ' piieHb
: o : .
: IHKI : i
Baratodakropue Py 0 ) _— [Tapamerpn :
MOJIEIOBAHHA HE napameTpiB YIpaBIiHHA !
! Mofeneit ! :
; '

Puc. 2. Indopmariiiine HaIOBHEHH I METOAIB OPIBHNIBHOIO aHAI3y CLieHapilB

6ararodaxropHi mozerni (610K 4.3) TaKOXX MOBMHHI
6a3yBaTUCh Ha napamempuuHux oyinkax GaKkTopis Ta
ixHix iHguKaTOpiB. /lal0Th 3MOTy BU3HAYNUTU «3HAYY-
LIiCTh» iIHAMKATOPiB Yy Me)XaX BifTIOBiHOI MOfiei, IXHI0
€/1aCTUYHICTh, HOPMM 3aMillleHHA Ta iHIIi MapaMeTpu
yIpaB/liHHA Ta NPUITHATTA pillleHb.

Oco61MBOCTi BUKOPUCTaAHHA CUCTEMHOTO
MigXony A1A MOPiBHATBHOIO aHAaJi3y CIleHapiiB

3anpoIroHOBaHI METORY OLliHIOBAHHA Ta OPiBHAb-
HOTO aHaji3y cueHapiis 4.1, 4.2 ta 4.3 (gus. puc. 1) mo-
XYTb OyTHU BUKOPUCTaHi sIK OKPEMO, /I BiiTOBITHOTO
OILIiHIOBaHH:A Ta IOPiBHAHHA CLIEHaPiiB, TaK i KOMIITIEKC-
HO — 3 METOIO0 Oi/IbIII IeTa/IbHOTO aHa/Ii3y, HOPiBHAHHS,
NPpUHATTA pillleHb Ta yIpaBlaiHHA. Ha Ko)XKHOMY eTami
BUKOPVICTAaHHS METOJIB [0 BXiTHUX JaHMX BUCYBalOTh-
CA pi3sHi BUMOTHU LOAO0 IpPefCTaB/lIeHHA JaHNUX Ta IXHbOL
¢dopmanizanii. Kpim Toro Ha KO>XKHOMY eTaIi MO>XXHa OT-
pUMaTy BUCHOBKM Pi3HOTO K/Iacy iHpopManiiiHoro Ha-
MOBHEHH S OO0 IIPOLIeCY MPUITHATTA pilleHsb (puc. 2).

BuxopucTaHHA eKCIIePTHUX METOJiB IPOIIOHYETHCSA
IPOBOAMTH 32 JOIIOMOTOI0 6a/IbHOTO KOJIETiaIbHOTO OLfi-
HIOBaHHA IK OKPEMIX IPYTI PaKTOpiB, TaK i IXHIX CKIago-
BUX — iHUKATOpiB. BU3Ha4YeHHA BiJHOCHUX LJiHHOCTEN
CLieHapiiB MPOBOAUTHCSA MOMAPHUM IOPiBHAHHAM OKpe-
MUX OIIiHOK Ta BU3HaYeHHSIM BiTHOCHUX IIiHHOCTEN Clie-
HapiiB [8]. [lepeBara mi€ei rpynu MeTOfiB — y3arajabHeHe
OLIiHIOBaHHA iH/IMKATOPiB 32 BiTHOCHOIO BEIMYNHOIO LIiH-
HOCTI ClLieHapito. Ik pe3ynbTaT — sIKiCHe MOpiBHAHHA CIie-
HapiiB, iXHe paH)XyBaHH: 3a Be/INYMHOIO BiTHOCHOI OLIiH-
K11 [Jo HeomiKiB CrTift BiffHECTV HEOOXiTHICTD peTeTbHOTO
nif6opy ekcrepTiB, BU3HAYEHHS IXHBOI KOMIIETEHTHOCTI
Ta IOCATHEHHA HYMU €JVHOTO KOJIETiaTbHOTO pillleHHsA
IIO0 OIIiHOK aKTOPiB Ta iHAMKATOPIB.

OTpuMaHi TakKMM YMHOM IOPiBHSIbHI BeIMYMHNI
clieHapiiB 3a morpe6u OITP MoxyTh 6yTH HeTamizoBaHi
3a oroMoroxo BukopucranHa MerogniB BKO. IIpn npomy
MO>K/IVBE YTOYHEHH: OLIiHOK CIIeHapiiB, paH)KOBaHUX 32
BiJHOCHMMM BEJIMYMHAMY, 33 JOIIOMOTOI0 BY3HAa4eHHA
IXHIX TapaMeTPUYHUX XapaKTePUCTUK (AOCOMIOTHNX Be-
NNYMH) — Oe3IeKOBUX, PiHAHCOBUX, iIHPPACTPYKTYpPHUX
3 IHIMKATUBHOIO JeTani3auieo ix. [lepeBarowo Meronis
BKO € mapameTpuHa fieTanisalis paHXOBaHIX CIIeHapiiB
3a rpymaMu GakToOpiB Ta iXHIMM BifOBiTHNMY iHAMKA-
TopaMu, MOKINBicTb popmyBanHaA OIIP npuitHATTA pi-
II€Hb Ha OCHOBI TaKMX OLIiHOK. SIK pe3ynbraT — HifTpUMKa
IpUITHATTA pimteHs 3a 3annutoM OIIP, koperyBaHHA 3Ha-
4yeHb iHAMKaTopiB 3a 3anutoM OIIP Tomo. [lo HemomikiB
CITifi BifHeCTV HeOOXiTHICTh Ta TPYAHOLL BUSHAUEHHS I1a-
paMeTPMYHMX XapaKTEePUCTHUK CLieHapiiB fK 3a BifIIOBif-
HUMM IpyniaMy, TaK i 3a iXHiMU iHOVIKaTOpaMMu.

Mertonu 6ararodakTOpPHOTO MOJETIOBAHHS [JAIOTh
3MOTy IPOBOAUTHI MOOYHZOBY MaTeMaTUYHUX MOJeell,
B SIKUX OLIiHKM ITapaMeTpiB IPM BifIOBiTHMX 3MiHHMX
3a 3HAKOM Ta BE/IMYMHOIO BKa3yIOTh Ha CHIY BIIIUBY BifI-
HOBifHOTO (paKTOpa UM iHAMKATOpa Ha Pe3y/IbTyI0dy 03-
HaKy. KpiM TOoro, Ha OCHOBI OIIiHOK ITapaMeTpPiB MOZEi,
CepelHiX 3Ha4eHb Pe3y/IbTYI040i O3HAKM Ta PaKTOPHMUX
(iHpMKaTOpHUX) 3MIHHMX MOXYTb OyTH po3paxoBaHi
koedinienTn emactuyHOCTi akTOpiB (iHAMKATOPIB),
HOpMU 3aMilljeHHs iX Ta iH. [lepeBaramm MeToxiB dax-
TOPHOTO MOfie/TfoBaHH: € MOXIuBicTb OITP kpim BubGOpY
ONTMMa/JIbHMX BapiaHTIiB peasisalii cieHapiiB OLiHUTHU
MO>K/IMBICTD YIIPAB/IiHHA IPOLIECOM IPUITHATTA pillleHb
npu Bu6Opi clieHapiiB. Ik pe3y/nbTaT — yCTaHOBJIEHHS
perpeciiiHNX 3a/1eXKHOCTEN i3 BU3HAYEHHAM 3HaYyIOCTI,
CIJIN Ta HANIpAMKY BIUIMBY BifiIOBiIHMX iHOMKaTOpIB,
IIPOTHO3 CTAHiB Ta BU3HAYE€HHA IIapaMeTPiB YIIpaB/IiHHA.
Jo HemomiKiB i BifHECTU HEOOXiTHICTD MapaMeTpPUd-
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HOI OLIiIHKM iHJMKAaTOpiB, AKi BK/IIOYalOTh y MOAEI, 10
He 3aBX/IY MOXKe Oy TV BM3HA4YeHO (HAIIPUKIIAJ, O TPyIN
¢diHaHCOBUX iHIMKATOPIB).

OTXe, BUKOPUCTaHHSA CUCTEMHOIO MiIXOAY JacTb
3MOTY IPOBECTM He TiIbKM AKICHUII NOPiBHANBHU
aHaJIi3 ClleHapiiB Ta IXHE paH)XyBaHHS, aJie 11 BpaXOBY-
BaTV iIHAVIKAaTWBHI 03HakM ¢akTopiB. Kpim Toro, Takox
BM3HA4YaTH XapaKTePUCTUKN YIIPAB/IiHHA IpoLlecaMy pe-
anmisalii ciieHapiiB Ha OCHOBI OLIIHOK ITapaMeTpiB yIIpaB-
TiHHA, BUSHAY€HUX 3a JOIOMOTOI0 MOJI€/TIOBaHH .

®opmMmarnisanis eTaniB CMCTEeMHOTO MigXoAy

MacuB iHMKaTOPiB [/Is1 OLIIHKU CLIEeHapiiB Ha Oc-
HOBi GyHKIii ixnix minnOCTel SF, (significance function)
[3], sIKi TOTO’KHO HOPiBHIOIOTH IIPOTHO30BAHOMY PiBHIO
eKOJIOTiuHOI Oe3IeKy Ipu peaisaliii i-ro cijeHapito 3 Bifi-
noBigHMMM rpynamu ¢akropis ®j Ta ixHIMU CKIafoBU-
MU KpUTePisMU, IPeACTABIeHO B TAKOMY BUIJIALI:

SF; = {®1(Ry, Re3p, Rpay, T)is
@,(0E3np, OE3g, OEcy;, Ryjo)is 1
®3(Lpy, Rucnz, Rurc)i}s

e i — okpemuit cuenapiii, i = 1,p, p — KinbKicTb cie-

HapiiB; j = 1,k, k = 3 — kinbkicTb rpyn GpaxkTopis;

Rpi1 Rpsp1 Rpag1 Ta
R S - 6e3mexoBmit hak-
Rpp  Resbp Rpanp Tp
TOP CLieHapiiB 3i CBOIMU iHAMKATOpaMU;

OEzng1  OEzgr  OEcaRuao

D, . - dinaHCOBMIT
OEsnsp OEspp  OEcppRugop
dbakTOp cleHapiiB 3i CBOIMU iIHMKATOPaMM;
Lpri  Rycnsa  Rurca
D, - indpactpykryp-

Lgip Rucnzp Rurcp

Hult paKTOp ClieHapiiB 3i CBOIMM iHMKaTOpaMIL.

Buxopucranus nokasauka SF, (1) si ceoimu ckmazo-
BUMM JIACTh 3MOT'Y peasli3yBaTy MOC/iIOBHO 6/10KM 4.1,
4.2 Ta 4.3, mpefcTaB/IeH] Ha puc. 1, Ta METOAY aHaJIi3y,
HaBefleHi Ha puc. 2.

TakyM 4MHOM, IOYATKOBMMM YMOBaMI JO BUKO-
PUCTaHHA METOAMKU OLIiHKU CLieHapiiB Ha OCHOBI Ko0-
JIeKMuUBHUX excnepmuux oyinox (6mox 4.1, gus. puc. 1)
€ MHOXMHa pakTopis @, ©, Ta O, 3 rpynaMu BUSHAYEHNX
I HUX iHgmKaropis (1).

Kpurtepii 3 nepuroro no ognuapuatuit (4us. Tabmu-
I110) OLIiHIOIOTHCA HenapamempuyHo TPyIoI0 eKCIepTiB
(y 6amax), KormeriaipHO, 3 BU3HAUYEHH M CIIIJIBHO Y3TOf-
JKeHOI 6a/IbHOI OL[iHKYM KPUTePiiB /1 KOXKHOTO CLieHapiIo.

AJITOPUTM OLIHIOBAaHHA CL[€HApPiiB 3a JOIOMOIO0
eKCIIePTHMX MeTOMiB BK/TIOYa€E B cebe [3]:

1. ®opMyBaHHA MAacHUBY iHAMKATOPiB [/ MOPiB-
HAJIPHOTO aHa/li3y CLleHapiiB

Sc; = (OEzng(i), OE3g(:), OEcmi),
Lgiiy, Rucnziy, Rurc(iy, Rpaa(i), )
Ry, Rupo(iy Rezsy Ti )-

2. I'pynyBaHHA MacuBY iHIMKATOPiB 3a XapaKTepu-
CTUKaMI iHAMKaTOpiB

D = {D; Dy; D3} 3

3. I'pynoBe excrepTHe OLiHIOBaHHSA (PAKTOpPiB Ta
iHVKaTOpiB y Mexkax (akTopiB 3a OIbHUMIU OL[iHKAMIL.
OniHOBaHHA NPOBOAUTLCA JBOMA IPYIaMM KOPUCTY-
BauiB — iH>keHepaM1 i3 3HaHb (excreptamu) Ta OIIP. [Tpn
LIbOMY MOXK/IVBE IIEpBVMHHE AKiCHE OLIiHIOBAaHH: 3HAYy-
mocrti ¢pakTopiB (IHAMKATOPIB) Ta OL[iHIOBaHHSI CLIeHaPiiB.

BusHaueHHs BigHOCHMX niHHOCTeit {QY, ..., QF=3}
¢daxTopiB Ta iHAMKATOpPiB {a)i, ---szi)} y MéeXax rpyn
(akTOpiB Ha OCHOBI MAaTpUILb NONMAPHUX IOPiBHAHD

A® = (af
i _ (B @
AR = (ai )
) Kp . .
fie a;; Ta @;; — Tepesara i-ro gakropa/inuKaTopa
Hap j-M.

4. ®opMyBaHHA BEKTOpPa KOMIIJIEKCHUX IIOKa3-
HVKIB JI/151 OLIiHKM KOMIIIEKCHUX LIiHHOCTeI CLieHapiiB:

W = [((0}, ..., w}), Q1 (w3, ..., wE), O2); ...
. ((a)f, s wg), k) ]
ne I, m, z — KinbKicTh IHAMKATOPIB, 110 GOPMYIOTD Bifi-
HOBigHMII aKTOp.
5. BusHaueHH:A KOMIIIEKCHUX IJIHHOCTeI! CLieHapiiB

Ha OCHOBI Bupasy (5) reoMeTpUYHOI 3BaXKeHOI Bifj My/Ib-
TUIUTIKaTUBHOI 3STOPTKM BULLY

®)

k 2K . - .
Wesey = [T [(w}) ](S . i=Lp,j=1k, (6
Ci

ne 0 < Wse,y < 1; S¢; € Sc¢ — macus cuenapiis; w]l: —
Bary Kpurepiis, ki GpopmMy0Th pakTOpu BifmoBigHMX
cuenapiis; Q% — Baru pakTOpiB A ClIeHApiiB.

6. PamxyBaHHA CLleHapiiB 3a BEIMYMHOKO IXHbOI
KOMIIJIEKCHOI IIIHHOCTi
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Ranc(Sc) = Wisey> - > Wy, 7)

ne Wisey = argmax(Wisep),Wse, = argmin(Wse,))-

PesynbraTu, orpuMani 3a Bupazom (7), € 0OCHOBOIO
I1d MEePBMHHOTO AKICHOTO NOPiBHAHHA CLEHapiiB,
BM3HA4YEHH IOCIiJOBHOCTI IXHbOI peasnisanii Tomo.

BxigHuMy manumu 1o peaiszauii memoouku 6aza-
moKpumepianvHoi onmumizayii € iIHGUKaTOPY, HaBefleHi
B Tab7uIli, Ta «iHHOCTI clleHapiiB» SF, dopmanizosani
y Bupasi (2) Ta BusHaueHi y popmyni (6). Tozi B 3aranp-
HOMY BUI/IsA/i 6araToOKpuTepiaabHy 3ajlady OLIHKMY Clie-
HapiiB Buny4eHHA [IBM Mo)XHa po3riafgaTut K 3aaqy
OIHOYACHOI ONTMMi3alii feKiNbKOX LiTbOBUX PYyHKIIIM
Ha 33/JaHill MHOXX/HI JOIIyCTUMMUX IJIaHiB:

{SFi =fi(x) - opt, i=1p (8)
x€EX ’

fie p — KifbKiCTh UinbOBMX QYHKIN, IO MifIATAIOTH
onTuMisanii; fi — okpema i-ta GyHKI|is 3 IHAMKATOPHO-

ro Habopy (i = 1, ..., p); f, (OE, ., OE . s OE s Ly
RHCH3(i)’ RHFC(i)’ RPag(i)’ Rﬂ(i.)’ RHJICD({)’ P3B(i) (i)); X— mHO-
JKMHa JONYCTUMUX IIaHiB; X = {OE3HB, OESB, OEcm’ L,,

R Rurer RPaa, RH, RHI[CD’ R, T} — oxpemmii miaH i3
MHOXXWMHM TOIYCTUMMUX IIaHiB X.

LlinboBoto dyHKIi€0 € MakcuMisanis/MiHimisaria
BennunHU SFi Ha MHOXXHI BU3HAYeHUX CLIEeHAPIiB, 1[0 Xa-
PaKTepU3YITbCS HAOOpaMI KpUTEPiiB, BUSHAYEHNUX BUIIE.

JomycTuMyMy IIaHaMM BUCTYIIAIOTh Habopu Clie-
HapiiB Buny4deHH: IIBM i3 BiAOBiHMMY 3HaYEeHHAMUI
iHMKaTOPIB, AKi MOXXYTb OyTM peali3oBaHi BiJHOCHO
3aBJlaHHA 3a6e3MeueH s eKOMOTITHOI Oe3meKn.

Ha6opu pmomyctumux cueHapiiB ¢opmMyroThcs
3icTaB/IeHHAM OIL[IHOK IHIMKATOPiB I/ ClieHapiiB i3
ypaxyBaHHAM MOXX/IMBUX/HOIMYCTUMUX MeX Bapiamii.
IIpu uboMy OLiHKA OBIIBHOTO JONYCTMMOTO IIAHY/
ClieHapilo 6araTOKpUTepianbHOI 3a/iaui € BEKTOPHOIO Be-
mausoio f, (OF OE ;> OE i Ly Rucrsy R

pax? Ry Rupoor Ressr T)-

HocnimxeHHs 6araToKpuTepianbHOI 3aadi Ta ompa-
I[IOBaHHSA METOANKY OaraTOKpuUTepiaTbHOI ONTUMIi3alii
3pY4YHO IPOBOAUTH, AKIIO IOPAJ 3 BUXifHOW Oarato-
KpUTepiaZIbHOIO 3a/1a4€l0 POSITIAHYTU TaKy NOIIOMIXKHY
OJHOKpUTEPia/lbHY 3a7ady:

3I1B(i)’ 3B(i)’ HI'C(i)’

SF; = YP_, a; fi(x) > max/min,
fiko{=<h;, i=1p 2 ©)
x€X

fie a;, Y; — mesIKi mijicHi 4mcIa Ta BEKTOPHI KpUTepianbHi
XapaKTepUCTHKY, IPMIOMY 3HAKM NTEPUINX 3 HIX, a TAKOXX

3HaKJ HEPIBHOCTeI B iH/IMKaTOPHUX OOME)XXEHH X y3TOfl-
XKYIOTbCA 3 ONITUMIi3aliTHOI0 CIIPSMOBAHICTIO (0 MaKCH-
MyMy a60 10 MiHIMyMy) BifJIOBITHUX LIi/TbOBUX (PYHKIIIIL.

AnropuTMm peanisanii olliHIOBaHHA CII€HapiiB Ha
OCHOBI MeTOAMKN OaraTokpuTepiaapHOI ONTHMIi3anii
BKJ/II0Ya€ B cebe [8]:

1. BusHauyeHHS MHOXMHU IJIaHiB peaniszauii cue-
HapiiB, BificiB Hee(peKTMBHIX IIaHiB, GOPMYBaHHS MHO-
KVHU JONYCTUMMUX (e(peKTVBHNX) I/IaHIB Ta BUSHAYEH-
Hs1 (260 HabMMKeHe OL[IHIOBAaHHST) MeX Bapialiii KOXKHOI
3 LiTbOBUX QYHKIIiT (3HAYeHDb iHMKATOPiB) HA MHOXWHI
eQeKTUBHUX IIaHiB. Y MeXXax MapaMeTPUYHNX XapaK-
TEPUCTUK iHIMKATOPIB y, BUSHAYAIOTHCS HAMKpali y, Ta
Halfripmi yio 3HaYeHHS BiIIIOBiTHO, a caMe:

yi = (OE*3n5(i), OE"35(1), OE" cnciys L mico) R mencoyy

R*urc(iy, R pantiy R” oy R npoo@ R pasoy T*i)

(10)
v = (0E03ns(i); OE%35(1), OE® ciciys L2B1ciy R®mems iy
R%rc(iy R%paniy RO iy Rupociy, R0P3B(i)TOi)

2. BusnavyeHHs BaroBux KoediljieHTiB [ iHAUKa-
TOpiB, AKi GOpMyIOTD 3aranbHy QyHKIi0 HiHHOCTI SFy
ClieHapilo:

{SFi = fi(x) » opt, i = i,ﬁ’ a1

x€X

Y pesynbTaTi OTpMMY€EMO YMCENDbHI OLliHKM Baro-
BUX KoeillieHTiB iHAMKATOpPiB — KpuUTepiiB OLiHKM
ClieHapiiB:

[Tuc. rpu]™!

AoE 3 [Tuc. rpu]~!

Aok [Tuc. rpu]~!
XoEcy [%]71
®Lpy [%]~*
XRycn3 [%]~1

a=| Aryrc |, [a] = nion]~1 12)
@RPag [ pik ]

%A [%]71

Ripo Tnc. rpu] 1
QRp3p [T]
ar [%]—1
[pix]~*

3. BusHaueHHs y3arajbHEHVX aAUTUBHUX QyHKIIIi
LiHHOCTeI ClieHapiis SF), i = 1, p nna Bciei MHOXWHM [10-
IyCTUMUX ITaHiB X:

SF; =Y a; fi(x). (13)
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4. Ha MHOXWHI clieHapiiB (ZONyCcTMMMUX IIJIaHiB)
BM3HAYAETHCS TaKMit — eeKTUBHMIA, KU BiIIIOBifa€e
MaKCUMYMY/MiHIMyMYy y3arajabHEeHOI aiu TUBHOI yHK-
1ii iHHOCTI 3aJ/Ie)KHO Bif ONTMMIi3alifiHOI cpsAMOBa-
HOCTI [TapaMeTpiB iHANKATOPIB:

xW = maX(SFZ(l)) i = 1,p npu onTuMisamniiHii
CIIPsAMOBAHOCTI [TApaMeTPiB IHANKATOPIB 10 MAKCUMYMY;

xW = mln(SFE(l)) i = 1,p npu ontumisamniitHiit
CPAMOBAHOCTI MapaMeTpiB iHAMKATOPIB 10 MiHIMyMY.

Vioro oninka yD = f(x™) pasom i3 mapamerpuy-
HMMM 3Ha4eHHAMMU iHAuKaTopis nepepaerbcesa OIIP.

5. slxmo OIIP moromxyerbcst obpartu creHapiit xV
3a po3B’I30K 6araToKpuTepianbHOI 3aadi, TO BKasaHMIl
CLieHapii TPOIIOHYETHCA 10 peanisaliii, poboTa anroput-
my 3akindena. Akmjo OIIP He moroxyKyeTbcs i3 mapame-
TpaMu KpUTepiiB fi/ist BusHadeHoro creHapio x, To mo
KO>KHOMY 3 iHIMKaTOpiB BKa3aTy TaKi IPUITYCTUMI PiBHi

€ [yio Vi ],i = 1, p AKi BOHa BBa)ka€ MPUITHATHUMIA

6. BusHadeHH:A pealbHOCTI PiBHiB IapaMeTpiB iHIM-
KaTopiB, AKi OIIP BusHaumIa K DpUITyCTUMI Ha ITOTIepef-
HbOMY eTalli Ta 3/JiICHIOETbCs IXHs KOpeKIis abo B 6ik
MOKpallleHHsI, SIKIIO BOHY € peaibHNMU, a60 B 6iK mOCa-
OneHHs, 106 3po6UTH peanbHUMM. [71s IbOTO pO3B’A3Y-
I0Tb OFHOKPUTEPIabHY 3aia4y BiTHOCHO IIapaMeTpa f:

t - max
fi(x)=y;
{—Vi

=2t,i=1p. (14)

x€eX
[ ninboBUX QYHKILIM, CIPAMOBAHNX ;O MAKCUMY

fi) =y, +tQy; — ). (14.1)

71 cipsAMOBaHUX [0 MiHIMYMY

fi(x) < ll)l' - t()’f - l)[)l)

Bunazok t = 0 cBig4uTh PO PeanbHICTh MIPUIYCTH-
MMX piBHiB, a BUNIaJIOK { < 0 — IIpO iXHIO HEpeanbHICTb.
I/ peaTbHUX NPUIIYCTUMUX PiBHIB 1/)}: IIPOBOAUTHCA
OljiHKa Bemn4MHM QYHKIII HiHHOCTe SF3(k). [I/151 Hepe-
a7TbHUX NPUITYCTUMUX PiBHIB IPOBOGUTHCA KOPETYBaH-
HA MMapaMeTpiB iHAMKATOpiB Ta MOBTOPHE BU3HAYE€HHA
IXHBOI peasnbHOCTI.

7. Ha MHOXMHI cieHapiiB (HomycTMMuX ni1aHiB)
3HAXOMATH TaKMil eeKTUBHMIT ITaH x?, sIKit 32 Besn-
41HOI0 QYHKLIT HIHHOCTEI MaKCUMa/IbHO HaOIVDKeHNIT
IO peanbHUX NPUIYCTMMMUX PiBHIB YCiX KpUTepialbHUX
NIOKa3HMKiB, ykasanux OIIP.

8. Sxmo OITP He HOromXyeThcs 3 peKOMEHALIE 00-
paryt eexTBHMI I1aH X 32 pO3BI30K GaraToKpuTepiab-
Hol 3aj1a4i BUOOPY HaIKPAIOro CLieHapiio, TO TPOBOAUTHCS
KOPeKIIisl ITepBiCHIX IIPUITYCTYMMX PiBHIB Li/TbOBOI PyHK-

(14.2)

1ii ;. [ 3a6e3meden s 301KHOCTI MeTORY HOBI piBHI Y (} )
HOBYMHHI Oy Ty C/TaOKIIIMMIY Biff IOTIEpeHiX.

Po6oTa anroputmy 3aKiHUyeTbCs IpU HOCATHEHHI
sarBepkeHHs OIIP BusHaueHOro eeKTMBHOTO IIaHy
3 BiAIOBifHMMIY TapaMeTpamu iHauKaTopiB. EdexTrBHMIt
wraH x*) € 0CHOBOIO /7151 GOpMYyBaHHSI yIIPABIIHCHKIX Pi-
IIeHb Ha 6a3i aHa/Ii3y mapaMeTpiB 110ro iHAMKATOPIB.

3rifHo 3i cxeMoIo Nporecy NOPiBHAIBHOTO aHAi3Y
CLieHapiiB (auB. puc. 2) nobydosa bazamopakmopHux (iH-
OuKamopHux) mooeseti MOXKe BUCTYTIAT! IK OKPEMUM Me-
TOZOM JIOCTiJ[)K€HH, TaK 1 JOITIOBHIOBATH Ta JieTajIi3yBaTh
pesynbpTaTy, OTpMMaHi Ha ITONepeNHiX eTalnax — eKCIepT-
HUI1 aHami3 Ta merogosorito BKO. Y3aranpHeHa maTema-
TUYHA MOJIE/Ib aHAJIi3y MOXe OyTY IpeCTaB/IeHa sIK

V() = Fo(X(,B) + O, 1s)

Jie — BEKTOP 3aJIe>KHOI 3MiHHOI (y TepMiHaxX JOCTiKeH-
Hs SF — «LiHHICTb ClieHapiiB»);

cee

X11 X1p

X =

— MaTpupAa HE3aJIEXKHUX

cee

Xk1 Xkp

3MiHHUX, IpegukKkTopiB (y TepMmiHax gocCmif>keHHSA
{@1, ®2, ©3} — «dakTopm oLiHKU» a0 {OE3HB, OE,,,
OECI[I’ LBI’ Rchs’ RHrc’ R R RHJZLGJ’ RP3E’ Tt — «I1apa-
MeTpU iHIMKATOpPiB ;um BII[HOBIJIHI/IX dakTopiB» Ha
IIMOLIOMY piBHI y3arajbHeHH); B = {bo, by, ..., p}—
BEKTOp IapaMeTpiB MOJeNli, «BEeKTOpP YIpPaBIiHHSI»;
E(t) = {el, .y ep} — BEKTOp NOXMOOK Mofeni, cToxa-
CTUYHA CK/aJioBa; ) — ynpapnsAioda QyHKIIis, IepeTBo-
proBay, onepaHp; k, p — Kinbkictb akTopis (iHAMKaA-
TOPiB) iB) y MOfie/i Ta KiZIbKIiCTb CleHapiiB BiANOBifHO,
i=1kj=1p.

XapaKTepHOI 0COOMMBICTIO BXiIHNUX TAHUX € Te, 10
B IIpoIleci peasnisalii clieHapiiB BOHM MOXKYTb Oy T Ipep-
CTaBJIeH] TAKOX y BUIIALI fMHaMiYHUX pAfiB. lle o3Ha-
Jae, 110 popMani3oBaHi MOfie/li MOXXYTb Oy TH JOIIOBHEH]
TaKOX I0flaTKOBOIO 3MiHHOIO — #-4ac. | 3aBJaHHA onucy
1jiei cucteMu Moxe OyTH peani3oBaHO 3a JOIIOMOTOI0 MO-
neneit punamiku Bupy Y(t) = F (1), AKi NOBUHHI BK/TIOYa-
TV B3a€EMO3B’A3KM 3MiHHUX Y 4aci. Taka ¢popmanizanis
3aBIaHHA JOCTiPKEHH JacTh 3MOT'Y IPOBOJGUTH OLIiHKY
3MiH OLIiHOK IIapaMeTpiB y Yaci Ta OLjiHI0OBaTH MIPOTHO3Hi
3HA4YeHH I[iHHOCTe CIieHapiiB 3a BU3HAUYECHNMU TeH eH-
LiAIMM Ha IPOTHO30BaHi Iepiofiy IXHbOI peamisarii.

3aBpaHHA (akTOpHOro (IHAMKATOPHOIO) aHATi3y
BIUIMBY IpenukTopiB X (t)Ha 3aMiHHY Y(1), mpencTasie-
He B 3arajibHoMy Buryazi (15), Mo)xHa peasni3yBaTu po-
3BI3aHHAM CUCTEMU OFHOYACHNUX CTPYKTYPHUX PiBHAHD
y BUTTLAL]
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SF; = f(Pq1, 3, @3)
SFiw,) = f(Rui» Re3p.i» Rpagir Ti )
SFi,) = f(OE3ns,, OE3p, OEci) Rupe,i)’
SFiw,) = f(Lp1,i Rucnz Rurc,i)

(16)

[Tepuie piBHAHHA B cucteMi — 6araTodaxTopHa
MOJe/b IIiHHOCTeN ClieHapiiB Ha OCHOBI KOJIEKTUBHOTO
eKCIIepPTHOTO OLIiHIOBAaHHA TPLOX I'PyI paxTopis (1), mae
3MOTy OTPUMATH OLIIHKY [TapaMeTpiB BIUIUBY (aKkTOpiB
Ha IIiHHOCTI CljeHapiiB.

Ilpyre, TpeTe Ta YeTBepTe PIBHAHHSA CUCTEMU — Jie-
TajIi3y1oui Mofieni i1 BigmoBigHUX pakTOpiB — Oe3re-
KOBOTO, ¢piHaHCOBOrO Ta iHdpacTpyKTypHOTO. Y MOzeni
BK/TIOYeHi Habopy iHAMKATOPIB, 1[0 GOPMYIOTD BifjIOBif-
Hi pakropu. ITobymoBa Moziesneit fae 3MOTy feTanisyBa-
TV CIUIY Ha HAIIPSAIMOK BIUIVBY Ha BiIOBimHMII pakTOp
KOHKPETHUX iHMKaTOPiB.

AnropuTM peanisanii oliHIOBaHHA CLleHapiiB Ha
OCHOBI Memoouxu 6azamopaxmoprozo MoO0eno8aHHs
BKJTIOYAE B cebe:

1. Cunres crcremu (16) MozensiMu B siKicHiit popmi (9]

?; = bo + Z?=1 biXi = bO + b1x1 +

(17)
+ bixi + -+ bnxn + ej

a6o

—bo bx—bo blxl'

;m%-;m%+q

2. OmiEka BeKTOpa mapaMeTpiB Mojene
B = {by, by, ... b;}, sixuit BUCTyIIa€ aHA/IOTOM BEKTOpa
YTpaB/liHHA, @ X, — HapaMeTpaMy BIIMBY Ha QyHKIIi0
(Y) OmniHKa IPOBOAUTECA 3TiHO 3 KpMTep1eM MiHiMi3a-
uu CYMM KBajIpaTiB BiIXU/IeHb Y, €7 — Min 3a JomoMo-
rOI0 OJHOKPOKOBOTO METO/ly HalIMEeHIINX KBafIpaTiB 3a
CTaHJIaPTHOIO CXeMOIo [9].

3. Ilepesipka amexkBarHOCTiI Mofeni. IIpoBoguTbcsa
LIIIXOM NepeBipky HynboBoi rinoresu HO: gna F-cra-
TUCTUKM AK

(18)

R? m-n—1
1-R? m

F =

(19)

4. Ilepesipka craructnunux rinores HO: ta H1: Ha
3HAYYLIiCTh OLIiIHOK ITapaMeTpiB Mogeni. IIposoauTbcs
Ha OCHOBI t-CTaTUCTUKU K

(20)

i3 3aJaHMM piBHEM 3HAYYIIOCTi, K IPAaBUJIO B MeXax
a = (0,01-0,05).

5. OmuiHKa JOCTOBIPHOCTI alrpoKCMMaIiii BXiJHUX
DAaHUX CUHTe30BaHUMU Mojenamu. IIpoBogurbea 3a
monoMoroo KoedillieHTa geTepMiHaiii

Tef g _I0imw)?

—=i = 5 (21)
X(Yi-Y) 2(vi-Y)

R*=1-

fe Y, Y, — cTaTuCTUYHI JaHi Ta TEOPETUIHI 3HAYEHHS
(oninkm ¢yHKIII), po3paxoBaHi 3a MOIE/ITIO BilTIOBiTHO;
Y — cepe[He 3HAYEHHs [/Is1 BXiHOI BUOIPKIL.

6. OwiHKa AKOCTi MOJeIi Ta AKOCTi IPOTHO3yBaH-
HA. [TpoBOgUTBCSA 32 OIIOMOT0I0 a6COIOTHOI CcepefHbOI
BificOTKOBOI moxnbku (mean absolute percent error) [10]:
Y] Y]

MAPE = =¥ -100 %. (22)
n

OuineHi 3HaUYeHHA [OCTOBIPHOCTI ampokcuMarii R*
Frta MAPE i 3aaHOTO piBHA 3HAYYIIOCTI 00 BKa3yIOTh
Ha piBeHb JJOCTOBIPHOCTI, aIeKBaTHOCTI Ta SIKOCTi IIO6Y-
IOBAHUX MOJIE/IEN.

Ha ocnosi no6ynosanoi Mogerni (17) a6o (18) mpo-
BOJUTbCS aHaJIi3 HapaMeTpiB Mogeni (i BizmoBigHo dax-
TOpPiB UM iIHAMKATOPIB) 3a CUJIOK0 Ta HAIIPSIMKOM BILIN-
By Ha pe3y/IbTyIOUy O3HaKy Ta pOpMyBaHHA IIPOEKTIB
yIpaBIiHChKUX PillIeHb.

Kpim Toro, aHanis Mofieneil «1jiHHICTb ClleHapilo»
Y, = SF, no dakropis BI/MBY uu iHAMKATOPiB (cucTeMa
piBHAHD (16)) MOXe Oy TV IPOBeeHMIT Ha OCHOBI aHai3y
MOKa3HMKIiB €TaCTUIHOCTI

s
€xin) = 75> (23)
me Mf — wmapxuHagbHe 3HaueHHA QyHKIii SF,
B Toumi x, Mf =—+; Af — cepefHE 3HAYEHHA

¢byHKuil SF y TouIii X, fo =

Y muckpetHoMmy BI/ma,uKy, a TaKOX IIPY BU3HAY€HHI
€TaCTUYHOCTI 10 AUCKPETHOMY HaOOpY JaHUX BU3HAYEH-
H:A €X TOILIi/IbHO TPOBOATY HAa OCHOBI cepeHbOI (TyTO-
BOI) emacTMYHOCTI [11]

X

= bi S=FL .

BusHaueHi 3a Bupasom (24) 4acTKOBIi e1aCTUIHOCTI
MIOKa3YI0Th, Ha CKiJIbKM BifICOTKiB 3MiHUTbCS 3Ha4EeHHA
SF, ipu 3miHi BigmosigHOTO dakTOpa/inAUKaTOpa X, HA
1%. JowinbHUM TaKOX € BU3HAYEHHS y3arajlbHEHUX
€IaCTUYHOCTEI Ha OCHOBI CyMICHOI Jiii Ha SF, Bu3Have-
HOro Habopy KputepiiB €xixjxy (SF; ) TA CyMapHOI efac-
TuyHOCTi €5 = Y, €4, (sF, ) Y TAKMX BUITA/IKAX BU3HAYEH]
€TaCTUYHOCTI OYIyTh TOKa3yBaTH, IK 3MIHUTBCSI pe3y/Ib-
Tyio4a o3HaKa SF, mpu smiHi Ha 1 % BifmoBigHOTO Habopy
(x, X, x,) uu Bcix kpurepiis (x;, i = 1, p).

exi(SFi) (24)
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BucHoBkmu

ITpencraBieHe HOCTifKeHHs MOBsI3aHe 3 GOPMY-
BaHHAM CUCTEMHOTO HiJXORY O CTBOPEHHS METO[M-
KJ TOpPiBHANIBHOTO aHaNi3y CLieHapiiB IepeTBOPEHH:
o6’exta «YkpurTa» Ha EBC i ae smMory cucremaTusysaru
MpoleC Ha OCHOBi OCHOBHMX IPMHIMIIIB TEOPii cucTeM.
CUCTEeMHICTD TOCTIIPKEHH S peali3yeTbCs LUISIXOM 10T
etanHOCTi. Ha mepromy erarmi nposesieHo (popMyBaHHA
MAacCHBY iHIMKATOpiB Ta IPyIyBaHH iX 3a hakTOpamm, AKi
3abesevyoTh eKoyoriuny 6esnexy. Ha HacrymHomy etami
3aIIPONIOHOBAHO METOAMKY MOPiBHAHHA Ta OL[iHIOBAHHA
CIieHapiiB 3a JOIIOMOT 010 06POOKI Pe3y/IbTaTiB KO/eriab-
HOTO €KCIIEPTHOTO OLIiHIOBaHH, IO Ja€ 3MOTY IPOBECTH
AKiCHe TOpiBHAHHA cueHapiiB. Ha TpeTboMy erami sanpo-
IIOHOBaHO METOMKY OaraToKpuTepiasbHOI ONTHMi3amii
IJ1s1 IapaMeTPUYHOI JleTami3alii IIiHHOCTel ClieHapiiB Ta
HaIlpalll0BaHH:A Ha iXHill OCHOBI XapaKTePUCTUK MPUIi-
HATTA pimenb. Ha 3aKk/I09HOMY eTami CCTEMHOTO Mifi-
XOZly pOo3p0o6/IeHO anropuT™ nobynosu 6araroakTopHUX
Mojperelt ISl BU3HaYeHH A ITIapaMeTPiB YIIPaBIiHHA.

BukopucTaHHA CUCTEMHOTO IAXOAY Aa€ 3Mory cdop-
MyBaTy METOIMKY ITOPiBHAIBHOTO aHA/Ii3y ClieHapiiB Ie-
peTBopeHH: 06’ ekTa «YKpuTTsi» Ha EBC, sika 3ab6e3neqntnb
MIpoLeC paH)XYBaHH: CLleHapiiB 3a IXHIMU AKICHUMM Ta
IapaMeTPUYHUMM XapaKTepPUCTUKaMM, pOpMyBaHHS
AKICHUX YIIPaBITiHCBKMX pillleHb Ta eeKTUBHE yIpaB-
JIIHHA IPOLIeCOM peatisalii crieHapiis.
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A Systematic Approach to the Development

of a Methodology for Comparative Analysis

of Scenarios for the Shelter Object Transformation
into an Ecologically Safe System

The subject of the study is the New Safe Confinement. Its
commissioning is the second stage of the task to transform the
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Shelter object into an ecologically safe system. Works on the
implementation of the third stage require the election of sce-
narios for the Shelter object transformation into an ecologically
safe system. Approaches to the selection of scenarios should be
based on the development of a methodology for their compar-
ative analysis. The object of this study is a complex system, and
the development of a methodology for assessing scenarios should
be based on the consideration of a set of qualitatively heteroge-
neous factors and indicators. Therefore, the task of creating a
methodology for comparative analysis of scenarios requires, in
addition to the analysis of technical, technological, economic,
and financial indicators that will accompany the Shelter object
transformation process, a systematic approach to assessing and
comparing the states of the research object, decision-making
and management methods. The presented research related to
the systematic approach to the formation of a methodology for
comparative analysis of scenarios for transforming the Shelter
object into an ecologically safe system. Indicators and factors
for assessing scenarios were identified and grouped according
to environmental safety criteria. A systematic approach to the
implementation of the scenario assessment methodology using
three classes of methods is proposed. The systematic nature
of determining the values of scenarios is realized by the stag-
es of research. At the first stage of the analysis, a methodology
for qualitative comparison of scenarios based on peer reviews
is proposed. A multi-criteria optimization methodology for
parametric detailing of scenario values and decision-making
was proposed in the second stage. At the third stage of the sys-
tematic approach, an algorithm for constructing multifactor
models for determining control parameters was developed.

Keywords: Shelter object, scenario analysis, systematic
approach, expert methods, multi-criteria optimization
methods, multifactor models.
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Comprehensive Assessment of the Chornobyl Exclusion Zone
Wildfires Impact on the 100-km Area Around the Chornobyl NPP
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A comprehensive assessment of the impact of wildfires in the Chornobyl Exclusion Zone
on the adjacent territory within a radius of 100 km in the spring of 2020 and 2022 was
carried out, considering the potential and realized radioecological criticality of the territory.
The realized radioecological criticality was expressed in the estimated specific activity
of ¥’Cs in plants, which was formed as a result of aerial and root pollution of agricultural
vegetation in farm fields and gardens during the transfer and deposition of radionuclides
during fires. The specific activity of '*’Cs in plants was calculated based on the data on the
integrated volumetric activity of '*’Cs, obtained by the WRF-LEDI model of atmospheric
transport, using the set of models “AeralPlant — SoilPlant” depending on the biological
stage of plant development. According to the results of the calculations, thematic mapping
was carried out with the selection of zones of maximum and minimum contamination
of the territory, taking into account potential radioecological criticality. Regardless of the
volume activity of *’Cs in the air and the direction of air transfer, the spatial nature of the
distribution of the most critical areas is preserved. As a result, the most critical areas were
identified, where dangerous levels of radiation exposure on the population are possible
due to atmospheric transport of radionuclides caused by wildfires and extreme weather
phenomena (dust storms) in the Chornobyl Exclusion Zone. Different scenarios of the
regional land use structure were considered and thematic assessment maps were built,
which are the basis of preventive planning of rehabilitation measures in case of critical
situations in accordance with radiation safety norms.

Introduction

mosphere caused by wildfires and burning of grasslands
in contaminated areas. Wildfires cause significant damage

As of today, we have obtained and analyzed the re-
sults of research on the quantitative assessment of the
main factors determining the level of air pollution with
radionuclides in the contaminated areas of the Exclusion
Zone and areas of mandatory (obligatory) evacuation
as well as radionuclides transfer to relatively clean terri-
tories under normal conditions and as a result of extreme
weather events [1-5]. These factors include natural wind
and anthropogenic resuspension of radioactive aerosols,
as well as resuspension of radioactive aerosols into the at-

to the environment, quality of human life, the efficiency
of human activities, and the overall economy of the coun-
try. Environmental and economic damage from wildfires
in radioactively contaminated areas also includes losses
resulting from the pollution of air and vegetation with
combustion products containing radioactive elements.
A comprehensive assessment of the impact of the
Chornobyl Exclusion Zone (ChEZ), contaminated as a
result of the Chornobyl Nuclear Power Plant (ChNPP)
accident in 1986, on the adjacent areas within a radius
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of 100 km was conducted based on the results of wild-
fires and dust storms during the spring periods of 2020
and 2022 [6, 7]. These two periods differed in the causes
of the fires:

the 2020 period (April) was associated with massive
wildfires and extreme weather conditions (lack of moisture,
strong winds, plough-disturbance of agricultural fields, etc.);

the 2022 period (March) was associated with the mil-
itary actions of the Russian Federation against Ukraine
within the ChEZ surrounding the nuclear power plant.

A comparative assessment of the two periods men-
tioned above was carried out based on the results of nu-
merical modeling of the atmospheric transport and depo-
sition of radioactive elements (**’Cs) onto the ground
surface, along with calculations for the contamination
of agricultural products and identification of critical ar-
eas. This assessment utilized the following models:

1) WRF-LEDI set of models forecasting aerometeoro-
logical conditions and atmospheric transport of radionu-
clides and their deposition on the underlying surface [8];

2) “AeralPlant — SoilPlant” set of models for ChNPP
100-km area plant products aerial and root contamina-
tion of plant products with radionuclides for ChNPP 100-
km area [9].

2020 and 2022 wildfires natural conditions
overview

April 3-22, 2020 wildfires period. From April 3%
to April 20", the ChEZ experienced the largest wildfire
in its history. Simultaneously, from April 16™ to April 17%,
2020, Kyiv and Zhytomyr regions in north of Ukraine
faced a strong dust storm which had an impact on the radi-
ation environment within both the ChEZ and adjacent ar-
eas of the 100-kilometer zone around the ChNPP. The in-
teraction of these two processes resulted in a synergetic
intensification of the influx of radionuclides into the air.
Specifically, strong winds in the lower atmosphere of the
ChEZ on April 16™, 2020, contributed to the rekindling
of wildfires on radioactively contaminated areas. By that
moment, these fires had been nearly ceased by firefighting
efforts and rain on April 14", Burning of vegetation (espe-
cially in the meadow areas of the ChEZ), resulted in cov-
ering the ground surface in the period of April 3 to April
13" with a layer of finely dispersed soil and ash particles,
highly susceptible to intense wind resuspension [6].

Based on the analysis of surface synoptic charts,
the dynamics of surface pressure and air temperature,
as well as the directions of air mass movement, weath-
er conditions during wildfires in the ChEZ in the peri-

od of April 4" to April 22", 2020, were categorized into
six typical synoptic situations [10]. These situations were
marked by the movement of southwesterly and westerly
air masses (>30% of cases) at speeds not exceeding 2-3 m/s
before April 15", The average relative humidity of the air
was around 50%, varying from 90% at night to 25% during
the day. According to data from the meteorological station
in Chornobyl, the last moderate-intensity precipitation
(more than 3 mm per day) before the wildfires in the ChEZ
occurred on March 10, 2020. Starting from April 16™,
after a cold front passage, wind speeds increased to 15—
22 m/s at the surface and reached 30-40 m/s at higher al-
titudes. During this period, an extreme synoptic situation
with intense short-term dust storm was observed.

March 16-29, 2022 wildfires period. Within this
period wildfires in the ChEZ were associated with cur-
tain weather conditions, which can be presented by two
typical synoptic situations [10]: 1) from March 11
to March 23 an anticyclonic situation prevailed, when
weather conditions were influenced by an anticyclon-
ic high-pressure pattern (baric field) with low velocity
winds predominantly from the west, northwest, and
north directions (80%) and clear and dry weather with
a gradual seasonal increase in air temperature; 2) from
March 24™ to March 29" a cyclonic situation prevailed,
resulting in rapid change of weather conditions due to the
advection of cold air masses throughout the atmosphere,
which entered Ukraine from the northwest, forming
a cold front. Westerly and northwesterly (recurring 70%
of the time) winds velocity at the lowest atmospheric layer
reached 15-22 m/s. According to data from the Kyiv me-
teorological station, short-term showers with intensity up
to 2 mm/12 hours were observed on March 24" and 26™.

Wildfires in the ChEZ mainly affected the areas used
for agricultural production before the Chornobyl accident
and largely covered with grassy vegetation now. This very
conclusion — a relatively small area of forestlands was af-
fected by fires — can be additionally illustrated by the veg-
etation map drafted in the post-Chornobyl period (Fig. 1).

It should be noted, that the fires in 2022 partially
occurred in the same areas where they occurred in April
2020 (Fig. 2), mainly in the southwestern part of the ChEZ
and in the vicinity of the villages Tovstyi Lis and Buda.

Radioactive aerosols atmospheric dispersion
modelling and assessment of aerial
contamination of vegetation

Calculations of the atmospheric dispersion of radio-
active aerosols up to a distance of 100 km from the fire
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Fig. 2. 2020 fires areas (blue dots) and 2022 fires areas (red dots)
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Scenario for plant growth stage I
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Fig. 3. April 16" and 17%, 2020 vegetation cover scenario — plant growth stage I (a),
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Table 1. Scenarios for assessment of aerial contamination of specific plant species

Ca.s N Scenario code Plant species Validity period KP " Cs
scenario No.
Herbage 200
Grain crops, stage I st 0.35
1 Scen_1kv* P 8 1" qtr.
Forest grasses 10.04-20.05 200
Garden greens 200
Grass, greens 200
Grain crops, stage I 0.35
2 Scen_2kv Potatoes, stage I 2 qtr. 3
- » 28 20.05-30.06
Cabbage and root crops, stage I 0.7
Cucumbers and tomatoes, stage I 0.3
Grass, greens 200
Grain crops, stage 11 37
3 Scen_3kv Potatoes, stage 11 3 qtr. 0.06
- » 528 30.06-01.08 :
Cabbage and root crops, stage 11 4.2
Cucumbers and tomatoes, stage II 6.8
Grass, greens 200
Grain crops, stage I 0.35
4 Scen_4kv Potatoes, stage 11 4% qtr. 0.06
- > 528 01.08-30.10 :
Cabbage and root crops, stage 11 4.2
Cucumbers and tomatoes, stage II 6.8

* 1st quarter scenario (10.04-20.05): KP represents the transfer factor between the concentration of a specific radionuclide in plants and
the density of deposition of that radionuclide on the ground, (Bq - kg'/kBq - m?) [11]

zone were carried out, providing an assessment of the in-
tegral (in time) volumetric concentration of *’Cs in the
surface air. To assess the aerial contamination of vegeta-
tion, a case scenario for 100-km zone land-use pattern
was drafted, considering the vegetation growth stage and
the levels of soil contamination with '¥’Cs after the Chor-
nobyl accident in 1986. Fig. 3a shows a map chart of the
first scenario (Table 1) corresponding to the season (spring
2020) and the spatial distribution of "*’Cs soil contamina-
tion after the ChNPP accident (see Fig. 3b).

The concentration of radionuclides in plant biomass
at time t after single deposition is calculated according
to the formula [9]

0,693

EDNG)

0,693
C(t)=Dep., -KP-(a, -e T1+(1—a1)‘e
where C(t) is the concentration of the radionuclide
in plants at time ¢ after deposition (Bq - kg"); Dep,,_ is
the density of deposition of that radionuclide (kBq - m?);
KP is transter factor (see Table 1); T, and T, are the half-
life periods of the fast removable and slowly removable
forms of the radionuclide, respectively; a, is the fraction
of the fast removable form [11].

The density of '*’Cs deposition (mBq/m?®) on the leaf

surface is calculated using the formula

Depe, = Ay Vi @)

where A, is the daily integrated activity of ’Cs in the air over

the ChNPP 100-kilometer zone (mBq - s/m”; V, is the dry
deposition velocity to the surface, given as 5 - 10~ m/s.

Using the WRF-LEDI atmospheric transport model
set and the provided formulas (1) and (2), calculations
were performed for the integral volumetric activity
of "Cs in the air (Fig. 4a) and the specific activity of *’Cs
contamination of leafy vegetables and native grasses due
to wildfires and dust storms on April 16" and 17, 2020
(Fig. 4b). For this purpose, scenario maps for the agricul-
tural crops zonation during the acute phase of the acci-
dent were used, along with the given transfer factors (KP)
between the density of deposition and the specific activity
of the radionuclide in the produce.

According to the modeling results (see Fig. 4b), fol-
lowing the period of fires with a dust storm on April
16" and 17, 2020, the concentration of '*’Cs in leafy
vegetables and grass within the selected region reached
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Integral volumetric activity of *’Cs in the air
(mBg/m*) on March 11-18, 2022

I 80.000-136,000
Il 40,000-80,000

Integral volumetric activity of 'Cs in the air
(mBg/m®) on March 11-24, 2022

Il 100,000-150,000
Bl 50,000-100,000
B 36,000-50,000

Integral volumetric activity of ’Cs in the air
(mBg/m*) on March 19-24, 2022

Il 30,000-55,000
I 15,000-30,000

I 20,000-40,000
B 15,000-20,000

B 10,000-15,000
B 5,000-10,000

B 24,000-36,000

70 10,000-15,000 0 4,000-8,000 B 12,000-24,000
B 5,000-10,000 0 2,000-4,000 B 9,000-12,000
I 1,000-5,000 B 500-2,000 [ 6,000-9,000
B 1-1,000 Bl 1-500 [ 3,000-6,000
B 1,000-3,000
B 1-1,000
a b C

Fig. 5. The spatial distribution of volumetric concentration of '*’Cs in the air according to the periods:
March 11-18, 2022 to the north (a), March 19-24, 2022 to the northeast (b) and gross volumetric concentration
of ¥Cs in the air on March 11-24, 2022 (c) after wildfires in ChEZ

Produce aerial contamination
on March 11-18, 2022 (mBq/kg)

Produce aerial contamination
on March 11-24, 2022 (mBq/kg)

Produce aerial contamination
with '¥Cs on March 19-24, 2022

Bl 70-135 (mBq/kg) Bl 70-135
[ 54-70 [ 30.3-54.8 B 54-70
[ 36-54 Bl 17.7-303 36-54

18-36 11.3-17.7 18-36

12-18 1'2';16'3 e 1d
B s-12 1075 612
36 - g B s
o3 — e B 03

a b C

Fig. 6. The spatial distribution of plant produce contamination with *’Cs according to the periods:
March 11-18, 2022 (a), March 19-24, 2022 (b) and gross specific activity of 1*’Cs in the produce
on March 11-24, 2022 (c) after wildfires in ChEZ
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a maximum value of 1,320 mBq - kg, which is three or-
ders lower than the operational intervention level OIL6
(IAEA criteria [12]) for a radiological accident, which
is set at 2 kBq - kg'. Therefore, based on the calculations
and comparison with intervention criteria, the results
obtained after the fires and dust storm have practically
no impact on the radiation exposure of the population
residing in these areas.

Similarly, the consequences of fires during military
operations in the ChEZ for the period from March 11"
to March 24, 2022 [7] had been assessed using the mod-
el set. The calculation period was divided into two pe-
riods, taking into account the direction of atmospheric
transport: to the north (March 11-18, 2022) and to the
northeast (March 19-24, 2022). The results of the spatial
distribution of volumetric concentration, calculated using
the WRF-LEDI model set, are presented on Fig. 5. Since
the volumetric concentration values are small, they are
given in pBq/m® and are an order of magnitude lower
than the calculated values for the period of fires and dust
storm on April 16" and 17, 2020.

Using formula (1) and Table 1, the aerial contamina-
tion of produce resulting from wildfires and the transport
of radionuclides to adjacent areas was calculated for two
periods (Fig. 6 a and b), as well as the gross aerial contami-
nation of produce for the entire period (c). The results show
that the highest contamination of plant produce occurred
during the period with northward atmospheric transport
(March 11-18, 2022) from the areas of more intense wildfires.

The overall contamination of plant produce after
the fires in the spring of 2022 was found to be an order of
magnitude lower than the contamination after fires and
dust storm in 2020.

Analysis of the results obtained

The realized radioecological criticality [13] was ex-
pressed in the calculated specific activity of ’Cs in plants
accumulated due to the aerial contamination of agricul-
tural vegetation on farmland and gardens due to the
transport and deposition of radionuclides during the fires
in 2020 and 2022. The integral deposition for the speci-
fied period was taken into account along with empirically
obtained transfer factors between the volumetric activity
in the air and the specific activity in plants depending
on the biological growth stage of the vegetation. Based
on the calculation results, thematic mapping was carried
out to identify zones of maximum and minimum con-
tamination of the territory, as well considering potential
radioecological criticality [13, 14]. The consideration of ra-

dioecological criticality was conducted as follows:

on the comprehensive map (Fig. 7) of potential radi-
oecological criticality using GIS tools, three spatial zones
with an elevated degree of criticality were identified, cor-
responding to the specified map (the range of values for
the potential criticality parameter is 0.502-0.648);

these zones were delineated as separate regions that
can be overlaid onto any thematic map (for aerial or root
contamination of vegetation) to determine the most crit-
ical areas for further analysis and decision-making.

The chart map below (Fig. 8) represents the ChNPP
100-km area (without ChEZ) zoning based on classes
with the highest degree of criticality [14]:

class 114 — agricultural lands located on supera-
quatic landscapes with peat soils in river floodplains with
herbaceous vegetation (cereal crops in vegetative growth
stage II) cover an area of 77.22 km?;

class 124 — agricultural lands located on eluvial
landscapes with soddy gleyed light loamy soils and herba-
ceous vegetation (cereal crops in vegetative growth stage
IT) cover an area of 44.66 km?

class 134 — agricultural lands located on downslope
landscapes with soddy gleyed light loamy soils and herba-

» Exclusion Zone,
%

.‘ (1 O

WO

Radioecological criticality assessment

Il 0.502-0.648 - Critical

I 0.376-0.502 - Slightly critical
0.333-0.376 - Not-critical

M 0.242-0.333 - Safe

Fig. 7. Comprehensive map of potential radioecological
criticality of the ChNPP 100-km zone according
to typological zones
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ceous vegetation (cereal crops in vegetative growth stage
II) cover an area of 110.91 km?.

Classes of criticality are also distinguished within
the territory of populated areas with gardens and mead-
ow vegetation. In our example, for the analyzed territory
of the ChNPP 100-km zone, these types of underlying
terrain are not representative, except for the forested ar-
eas, which are not critical.

For the highlighted classes of criticality, average val-
ues, maximum, and minimum values of the specific activ-
ity of 'Cs in plants were obtained for the period of fires
and dust storms on April 16" and 17, 2020 (Table 2).

The comparative data provided on the Fig. 9 suggest
that areas with elevated levels of product contamination
do not necessarily coincide with the designated criticality

Criticality class 114
B Very critical

Criticality class 124
I Critical

Criticality class 134
I slightly critical

Fig. 8. ChNPP 100-km area criticality zoning

classes. However, the map highlights regions with maxi-
mum product contamination (calculated using the model)
within different criticality classes. This presentation allows
for the prioritization of areas for further environmental
protection measures in the event of particularly hazardous
extreme situations in radioactive contamination areas.

Table 2. Statistical data on calculated specific activity
of ¥’Cs in plants according to radioecological criticality

classes, mBq/kg
Criticality Minimal Maximal
Average value
class value value
114 82.3 0.7 343.2
124 100.7 1.16 1044.1
134 125.5 27.8 1117.2

Fig. 9. Spatial distribution of radioecological classes (114, 124, 134) on the thematic map
of gross specific activity of '*’Cs in plants within the period of fires and dust storm on April 16" and 27*, 2020
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Conclusions

A set of mathematical models has been developed
for assessing and forecasting radioactive contamination
of the atmosphere, redistribution of radionuclides within
the components of the environment due to extreme mete-
orological events (wildfires, tornadoes, dust storms), and
man-made impact within the ChEZ and beyond.

As a result, the most critical areas with the potential
for dangerous levels of radiation exposure to the popula-
tion due to atmospheric transport of radionuclides from
the ChEZ in case of wildfires and extreme meteorologi-
cal events (dust storms) have been identified. The findings
show that the most significant contamination of agricul-
tural produce occurred during the period with northward
atmospheric transport (March 11-18, 2022) from the areas
of relatively larger sources of wildfires. Various scenarios
of regional land use patterns have been considered, and
thematic assessment maps have been drafted as a base for
preventive planning of rehabilitation measures in critical
situations according to radiation safety standards.
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KoMnekcHa onjiHKa BINIMBY TiCOBUX NOKEXX Y 30Hi
Big4y>KeHHs Ha TepuTopiro 100-KM 30HI HABKOTIO
YopHoOmnbcbkoi AEC

BrkonaHO KOMIIJIEKCHY OLIiHKY BIIMBY JTiCOBUX IIOXKEX
y YopHOOM/IbCBKil 30HI BifUy>KeHHA Ha IIPUJIEITTY TEPUTOPiIo
B pagaiyci 100 xm HaBecHi 2020 Ta 2022 pp. 3 ypaxyBaHHAM
MOTEHIIIHOI Ta peasy1i30BaHOi PajlioeKOIOriYHOI KPUTUIHOCTI
TepuTopii. PeanisoBaHa paflioeKonorivHa KpUTUYHICTb BUPa-
JKaJlacs B pO3paxyHKOBIiT muToMilt akTuBHOCTI '’Cs y pocn-
Hax, [0 cpOpMyBaIach YHACIiJOK aepaJbHOTO Ta KOPEHEBOro
3a0pyJHEHH CI/TbCbKOrOCIIOAAPCHKOL POCIMHHOCTI Ha dep-
MEPCBHKMX IO/ISAIX Ta TOPOJjaX NPy IIEPEHECEHH] Ta OCa/I>)KEeHHI
pamionykrifis y nmepiop moxxex. Ilutoma aktusHicTh ’Cs
Y POCIMHAX pO3paxOByBalacsd 3a JaHUMU PO iHTerpanbHy
06’eMHy akTUBHICTD *’Cs, OTpUMAaHNMU 32 MOZEII0 ATMOC-
¢depuoro nepenecenrss WRFE-LEDI, 3 BUKOPUCTaHHAM KOMII-

nexcy mogerneit “AeralPlant — SoilPlant” 3anesxHo Bif 6iomo-
rivHOI a3y pO3BUTKY POCIMH. 32 pe3y/IbTaTaMu PO3PAXyHKIB
OyI10 IpOBefEHO TeMaTHIHe KapTorpad)yBaHHsI 3 BUNIIEHHIM
30H MAaKCVMA/IbHOTO Ta MiHiMa/IbHOTO 3a0pyfHEHHSI TEPUTOPiT
3 ypaXyBaHHAM IIOTEHLII/IHOI pajlio€KONMOTi9HOI KPUTUYHOCT.
Hesanexxno Bif Benmuunuu 06’emuoi aktusHoCTi ¥’Cs y moBi-
TPi Ta HANIPAMKY IOBITPAHOTO II€PEHECEHHA IPOCTOPOBUI
XapaKTep pO3IOiNy HaliOiMbll KPUTUYHUX TepUTOPiit 36e-
piraerbcs. Y pesynbrari 6y10 BUsIBIEHO Halt6iIbII KPUTUIH]
TepUTOPIi, Ha AKNX MOX/IUBe (OPMyBaHHS HeOE3IIEYHNX PiB-
HiB JJ030BOrO HABaHTA)KE€HH A Ha HACEJIEHHA IIPY IIOBITPAHOMY
IepeHeCEeHHI pafliOHYK/IiiB i3 30HM BiJ4y>KeHHA BHACTiJJOK
JIICOBUX MOXKEX Ta eKCTPEMATIbHUX METEOPOJIOTIYHMX ABNII]
(mmoBi 6ypi) y YopHOOUIbCEKIiN 30H] BiguyxeHHs. Posrs-
HYTO pi3Hi clleHapii CTPYKTypy perioHaaIbHOTO 3€MJIEKOPYIC-
TyBaHHsI Ta MOOYLOBAHO TeMATUYHI OLIiHOYHI KapTH, fAKi €
OCHOBOIO IIPeBEHTUBHOTO I/IAHYBaHHA peabimitaniiiHux 3a-
XOZiB y BUIIAIKy KPUTUYHMUX CUTYaIliil Bi/JIIOBiJHO O HOPM
papianiHoi 6esmexu.

Kniouosi cnosa: 30Ha BifuyKeHHs, KapTorpadyBaHH,
aepajIbHe 3a0pyIHEHH, PafioeKOIOriyHe pailoHyBaHHS,
reoin¢opmauiitHuit aHasIis, pagioeKoIoriYHa KPUTUIHICTD
TepUTOPii.
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IIpaBuna gnsa aBTopis

3aranpHi BUMOru

1. Pepaxiis 36ipHuka «SlgepHa eHepreTuKa Ta JOBKI/UIA» IPUIIMa€e paHille Heomy6IiKoBaHi aBTOPCBKi CTATTI,
IO BiATIOBilal0Th TpO(iTI0 BUJaHHA Ta MAIOTh HAyKOBE Ta IPaKTUYHe 3HaUeHH:. TeKCTU cTaTeil Ta BCi MaTepiann
10 HUX IOBVHHI OYTY peTeNbHO BifjpejaroBaHi Ta mepeBipeHi.

2. Crarri, fKi € pe3ynbraTaMy po0iT, IpoBeeHNX Y CTOPOHHIX OpraHi3allifax, IOBUHHI MAaTV CYyIIPOBITHNIT TOKY-
MEHT Bijl IfuX opraHisaniit. PasoM 3i cTaTTelo o pefakiii )KypHany Mae Oy Ty IIOZaHNIT JOKYMEHT IIPO MOX/IUBICTD
BifikpuTOI My6mikanii MaTepialiB Ta 3TORY aBTOPiB Ha IOIIMPEHHS iX Yepe3 Mepexy [HTepHeT.

3. Matepiany, 1[0 HaIXOAATD IO PeRAKIil A/Is1 MyOMiKyBaHHs, IPOXOAATh 000BI3KOBE pelleH3yBaHH. 3ay-
Ba)KeHHI PelleH3eHTiB HAIIPaB/IsAI0Th pO3pOOHMKY MaTepiasiB 6e3 BKa3iBKM iMeH perjeH3eHTiB. [Ticis oTpuMaHHsA
perieH3iit 1 BijIIOBifli aBTOpa pefakiiiiHa pajja YXBa/IIO€ pillleHHs PO MOXK/IMBICTBD i MOpsfoK my6mikanii po6orn.
HesnauHi npaBKM CTU/TICTUYHOTO, HOMEHK/IATYPHOTO Ta (POPMaIbHOTO XapaKTepy BHOCATH [0 TEKCTy 6e3 y3rof-
’KE€HHA 3 aBTOPOM.

4. Pemaxijig npuitMae CTaTTi yKpaiHChKOIO a00 aHIIIICHKOI0 MOBOIO.

5. Pykomuc cTaTTi MOXXHa NMOJATY Y BUITIAJ] €IeKTPOHHOI KOIii (Ha eleKTPOHHOMY HOCIT a60 e/1eKTPOHHOIO
nomro). TBepaa Komist cTaTTi mogaeThes 3a 6askaHHAM. EleKTpoHHa Bepcis cTaTTi MOBMHHA 6YTU CTBOpEHaA 3a
JIOTIOMOTOI0 TEKCTOBOTO pefakTopa Microsoft Word 3 ypaxyBauHsaM Takux Bumor: mpudt — Times New Roman;
Kerenb — 11 1T; MDXKpAAKOBUI iHTepBan — 1,5; pO3CTaHOBKA IIEPEHOCIB — epeHOCiB HeMae; GOopMaTyBaHHA — II0
MM pUHi; Konmip mpudTy — YopHMIL; ab3a1iHuit BigcTyn — 1,5 cM; po3Mipu OB, MM: 3/1iBa — 24 MM, cripaBa — 16 MM,
3BEpXy — 22 MM, 3HU3Y — 28 MM.

6. 3arasbHMIT 06CAT CTATTi pa3oM 3 rpadiyHMMM MaTepiaaMy He IOBUHEH IlepeBUIIyBaTy 15 cTOpiHOK ¢popmary A4.

7. Ha Tutyni crarti Mae 6yTu npepcrasneHo ii YK.

YKpaiHCPKOIO Ta aHITIJICHKOI0 MOBaMM C/Tifi HABECTM: ITPi3BMIIle, iM’s Ta IO 6aTHKOBi aBTOPA; JIOT0 YYEHNIT CTYIIiHb,
3BaHHSA, Tocany, inenTndikarop ORCID; moBHy Ha3Ba opraHisauii, fie mpalioe aBTop, i if HOITOBY afipecy; Ha3By CTaTTi;
AHOTAIIiI0 Ta K/IIOYOBi C/IOBA.

8. Y pasi criBaBTOpCTBA JOJATKOBO CITifi BKa3aTy Mpi3Buiile, iM’sI Ta IO 6ATHKOBI aBTOPA, BiJIOBiZaIbHOTO 3a
KOHTAKTYBaHHA 3 PefJaKIli€lo, 10ro TemedoH i ajpecy eIeKTpOHHOI ITOLITH.

9. I'padiunnit matepian nogaroTh OKpeMuMu Bif Tekcry ¢aiinamu y popmari EPS, TIFF a6o JPG 3 ryctuHo0
TOYOK Ha A10iiM He MeH1e 300 dpi. 306paskeHHsI HOBMHHI 6yTI sikoMora 3po3yMiimumu. Bapto BpaxoByBaTy, 1[0
IPYKOBaHa BepCis XXypHaTy BUXOAUTb YOPHO-0i1MM JPYKOM, TOMY aBTOPY BapTO 3BEpHYTH yBary Ha Te, 100 4epe3
BTpPATy KOIbOPY He Oy/Iu BTpadeHi Ba)k/IMBi IeTasli pUCYHKIB.

Hassu Ta ok/magHe NOACHEHHA 3MICTY C/Iifi HABOGUTH B MifIMCax Iifi pUCyHKaMM, a He Ha CAaMUX i/TI0CcTpaniax.
TekcT He TOBMHEH ITOBTOPIOBATY iHOPMaIlilo, IPeACTaBIeHy B PUCYHKAX, BiH MA€ TiNbKM JaBaTy OCHOBHI BUCHOBKN 32
HVIMU Ta pe3loMyBaty iHpopMaliiio. SIKIIo pUCyHKM MAaIOTh MaJTy Ki/IbKiCTb JAHNUX, IX BapTO 3aMiHITY OIMCOM Y TEKCT.
SIKIIIO PUCYHOK CKTafA€ThCA 3 KiNIbKOX Mi[PUCYHKIB (a, 6, B, ...), TO MIANNC JO PUCYHKA MA€ MICTUTH OIUC KOXKHOTO
3 migpuUCyHKiB. Po3mip mpu¢Ty Hagnucis Ha pucyHKax i mignucis o Hux — 10 1T, rapaitypa — Times New Roman.

I'padiku moBrHHi Bifo6parkaTy Benuki 00CAry AaHUX ACHO i 3po3ymino. Odopmsaiodn B cTaTTi rpadikm, aBTOp
Mage MepeKOHATHCS, 0 B HUX MiJMCAaHO BCi OCi, BKa3aHO BCi ONMHMIII BUMIpY [/ BeIMYMH, IMiAINCaHO BCi KPUBIil
MacHBU JaHUX.

CxeM1 JOIIOMaraloTh BU3HAYMTH K/TIOYOBI IeTaJIi B Ipoljeci, ToMy MaloTh 6y Ty o36aByeHi 3aitBoi indopmaliii.
Odopmnsioun cxemy, IOTPiOHO MifIMCATH BCi K/IIOYOBI €/IeMEeHTH 1 HABECTH JJOAATKOBI IIOSICHEHH B 1i 3aTOTIOBKY
Ta OCHOBHOMY TEKCTi.
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10. Tabnmuui HyMepyIOTb IIOCTiJOBHO, Bi/JIIOBifHO /1O IEPIIOTrO 3raflyBaHHs PO HUX Y TeKCTi. Ilepes Ko>xHOIO
TabnM11Ier0 OBMHHA CTOATH i1 HasBa. Cif posundpyBaTy BCi HeCTaHAAPTHI abpeBiaTypy y BUHOCKAX, BUKOPUCTO-
BYIOUU TaKy IIOC/iOBHICTb CUMBOIB: *, **. C/Iijj yIIeBHUTHCA, 1[0 KO>KHA TAOIMIIS IPOLIUTOBAHA B TEKCTi.

11. ®opmynu cTBOpIO0TH Y popMynpHoMY pemakTopi MathType Equation abo MS Equation Ta HymepyioThb y
KPYI/IMX AY>KKax 3 IpaBoro 60ky. I'perpki i kupunngxi nirepu B popMynax BapTo HaOMpaTy NpsAMUM mpudToM
(omIis «TeKCT»), TATMHCBKI — KypcuBoM. [To3HaueHHS Be/MYNH i CUMBOJIM B TEKCTi i TAONMMIIAX BapTO HAOMpaTH SK
e/IeMEHTH TEKCTY, a He sIK 00’ €KTU (POpMY/IBHOTO pefakTopa.

12. TTocunaHHA Ha PUCYHOK, rpadik, cxemy ab0 Tabnm10 € 060B3KOBUM Y TEKCTi CTAaTTi Ta 3rafiyeThcs 6esmo-
CepefiHbO Iepef; PUCYHKOM, TpadikoM, cxeMoio abo Tabnuiero.

13. CKOpOYeHHsI C/IiB, CI0BOCIIONYY€Hb, Ha3B, TEPMiHiB, 32 BUHATKOM 3ara/IbHONPUITHATUX, MOXK/INBE TiIMbKI
Iic/1s IX MOBHOTO MEPIIOTro 3rajiyBaHHs B TeKcTi. [lami Take c710BO a60 GOpPMYIIOBaHHS C/Tijj BXXMBATH JIUIIE B CKO-
POYEHOMY BUIJIAMI.

14. OpyHKLi BUMipIOBaHHS MAalOTh OYTY BKa3aHi y BIAIOBIHMX METPUYHIX OAVHUIIAX 260 B iX IeCATKOBUX
KPaTHMX OfVHULIAX.

15. Marepianu, IKi He BiATIOBiZalOTh 3a3HaY€HUM BUMOTaM, PeflaKIli€lo He PO3ITIAAI0ThCS.

16. ITy6mixanis y >xypHaii € 6e3KoIITOBHO. Bumata aBTOpCbKOro TOHOpapy He MepefdadaeTbCes.

CrpyKTrypa Ta 3MicT cTarTi

Crarts noBrHHa 6yTy o6y0BaHa 3a TPAAMULIIHIM J/1s1 CBITOBOI HAyKOBOI IIEPiOAVIKY IIJTAHOM: CTPYKTYpOBaHa
3a po3fimaMM Ta 3aBepLIYBATICS KOHKPETHMMM BUCHOBKAMM, B SIKUX y JIAKOHIUHil GOpMi BUK/TaleHO pe3yIbTaTu
po6oTH Ta mpomnosuIii aBTopa, 10 BUIIINBAIOTH i3 BUK/IaJeHOTO MaTepiay.

Ha3sBa craTTi HOBMHHA Bifjo6pa’kaTyt OCHOBHY ifie0 JOCIiI>KeHH T; aKIIeHTYBAaT! Ha BaXK/IMBOCTI JOCTTiI>KEHHS;
OyTH TaKOHIYHOIO; 3a11iKaB/IIOBATY YNTAYIB.

IIpisBuima aBTOPiB aHITIIICHKOI0 MOBOIO MIOAAIOTHCSA BiiMOBIJHO 10 MPUIHATOI MI>KHAPOLHOL CCTeMU TPAHC/i-
Tepalii (3 ykpaiHcpkoi — BifnosifHo o [Toctanosu Kabinery MinicTpiB Ykpainu Ne 55 Big 27.01.2010 «ITpo Bropsii-
KyBaHHA TPaHC/iTepanii ykpaiHCbKOro andasiTy TaTHHULEIO», 3 POCiTICbKOI — BijoBigHO Ko «CuCTeMBbI TPaHC/IN-
tepanyy bubnmorexu konrpecca CIIIA»). HaBeeHHs mpi3BuIIa y pisHUX CHCTeMaX TPaHC/IiTepalil IpU3BOJUTD 10
ny6moBaHHsA podiiB (ifeHTNdikaTopis) aBTOpa B 6a3i faHMX (IPOodinb CTBOPIOETHCA ABTOMATUYHO B pasi 36iry
JI0T0 JaHMX IO ABOX MyOTiKaLisax).

AHoTanis - 1e cTucia iHgopmanis mpo 3MicT crarti. baraTo unTauiB 3HaIOMUTUMYTbCA TiIBKY 3 AHOTAL[iI0
CTaTTi, TOMYy BOHa Ma€ OyTu 3po3yMisnoro Ta iHGOpMaTUBHOIO 32 yMOBH ONyO/IiKyBaHH if OKpeMo Bif ctarTi. BoHa
He Ma€ MOBTOPIOBATH BiTOMOCTI, IIJ0 MiCTATbCA B 3aT0/IOBKY. AHOTallisl yKPaiHCHKOIO MOBOIO Ma€ OyTy po3MipoM
npu6musHo 1000 sHakiB. OCKiNbKM €UHIM I>KepenoM iHpopMaii o0 3MICTy CTATTi A1 iIHO3eMHMX CIIeLiaTicTiB
€ aHOTAlIlisl aHITIIICHKOI0 MOBOIO, BOHA Mae OyTu 6inbiIoo 3a 06cArom (He MeHme 1800 3HaKiB), 6inbII CTPYKTY-
POBaHOIO Ta He Ma€ OyTy IMepeKTafHUM BapiaHTOM aHOTallii yKpaiHcbkow. ONTUMaIbHUM J/IS TAKOI aHOTALIii €
CTPYKTYpyBaHHA BiJITIOBiIHO JO OCHOBHUX €/IEeMEHTiB CaMOi CTATTi (aKTya/IbHiCTb, MaTepia/y Ta METOAMN, BUCHOBKI
To1110). BoHa Mae 6yTu indpopmaTnBHOIO (1036aB/IEHOI0 3aTa/IBHUX C/IiB), 3MiCTOBHOIO (Bij0OparkaTy OCHOBHUII 3MICT
CTaTTi Ta pe3y/IbTaTiB JOCIIIKEHb) i MICTUTY TePMiHOJIOTiI0, XapaKTepHY ISl iHO3eMHMX CIIellia/IbHNX TEeKCTiB.
HenpuitHATHUM € HepeJaroBaHuil aBTOMAaTUYHUI IIepeKIaj, 3a JOIIOMOIOI0 OH/IalH-CePBiCiB.

Knro4oBi c1oBa BUKOPUCTOBYIOTbCS /151 iHAEKCYBaHHS POOOTHU B eIeKTPOHHMX CHCTeMaX Ta Mepexi [H-
TepHeT. UM Kpaie OyayThb mifibpaHi KII0490Bi c10Ba O po60TH, TUM Oijbllle TI0feil 3SMOXKYTh 11 3HaITH, 3Milic-
HIOIOUN TIOIIYK 3a TAKMMM CAMMMM KJII040BUMU clnoBaMu. Lle 36i/pINTh YNTAHICTD CTATTI, @ OTXKe, MiBUIINUTD
JIMOBipHicTb i1 nuTyBaHHA. K/o4oBi c/1oBa MOBMHHI Bigo6paskaTu 3MicT cTaTTi Ta 6YTH KOHKPETHUMM Y CBOII
HNpegMeTHI ramysi.

Crpykrypa crarTi nepefbadae Taki OCHOBHI po3finu: BCTyII; CTaH Mpo6IeMy Ta aHaJIi3 JIiTepaTyPHUX JaHUX;
MIOCTAaHOBKA 3aBMIaHb JOCTiJKE€HH A; MaTepialn JOCTil>KEeHH, eKCIIepMMeHTaIbHa YaCTVHA; iIHTepIpeTalLis pe3yib-
TaTiB Ta IX alpobaris; BUCHOBKI.

Bcryn mae Hagatu unTadeBi iHpopMariito (30KpeMa JOBIIKOBOTO XapaKTepy), HeOOXiTHY AJIA TOTO, 1106 3po-
3yMiTH, sIK€ IUTAHHSA BUBYAJIOCH, @ TAKOXX IIPUYMHMY, 3 AKUX aBTOP MIPOBOAUTD JOCTI>KEHHA. Y BCTYIIi CTUCIO
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noTpi6HO BifOOPasUTH MepeyMOBH 1O IPOBEJeHHs NOCTIKeHH: IOfATY 3arajibHe pPO3yMiHHsA IPOo6IeMu, SIKy
aBTOp HOPYIINUB, /I apr'yMEHTOBAHO OOI PYHTYBATH aKTyaIbHICTb HOCTi/I)KEHH, ONICATH IIPO6/IeMy Ta TEMATHUKY, a
TaKO>X HaBECTMU aKTya/IbHi 3HAHHS, IIOBI3aHi 3 PO3I/IAHYTUMIU HAyKOBO-OCTiIAHUI[bKUMY 3aBIaHHAMIN.

CraH nmpo6reMu Ta aHaji3 TiTepaTypHUX JAHMUX JAa€ 3MOTY BUABUTH «HIIly», Ie aBTOPY IIPOBOAATH HAYKOBi
mocnimkeHHs. Po3ain muiryTh Ha OCHOBI Ty6tiKaliil mepiofMYHNX HAYKOBUX BUAAHD (KHUTY, Hi[PYYHNKY, MOHO-
rpadii, craHAapTH, 3BITH B0 TaKUX He Hasexarp). Oy nepiofyuKu 3 mpo61eMi, 10 HOCTiIKY€EThCS aBTOPOM, MA€
OXOIITIOBATH JiXKeperna He Oinbire 10-pivnoi gaBHOCTI (y ramysi IT-rexHomoriit — 5-piuHoi 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 MpobreMn, sIKy 6epeTbcsl JOCTiKYBaTH.

Y niTepaTypHOMY OITIAAI BUCBIT/IIOIOTH He BUPilleH] iHIIMMY BUCHUMY YaCTUHM IPOOTeMH, SIKi HOCTIIKYE aB-
TOP; BUK/IAJAI0Th IPMYVMHY IJbOTO JOCTiI>KEHH; YiTKO BUSHAYAIOTb IIi/Ii JOCTi/I)KEHH, AKi IOBUHHI y3TOfI>)KYBaTMCs
3 1HIIOI0 YaCTMHOI PYKOINCY; HABOAATH MOCUTAHHA Ha Ba>K/IMBI JKepera, AKi Jal0Th 3MOI'Y IOBHille pO3SKPUTH
CyTb poboTn.

ITpaBunpHO HifiOpaHMit TiTepaTypHUIL O] lepefbadac:

LVITYBaHHs aBTOPOM Hall0i/Iblll pe/leBaHTHIX Pe3y/IbTATiB IOMepeHiX JOC/Ii/KeHb i TOsSCHEeHH TOT0, HACKi/b-
KV BOHM CITiBBiTHOCSTBHCSA 3 IIOTOYHNM JOCITiI>KEHH IM;

MIOCW/IAHHA Ha JOCTiPKEHHA PiSHUX JOCTiFHUIBKUX IPYIL;

MIOCH/IAaHHA Ha OPUTiHa/IbHI JOCTi/I)KEHHS, a He Ha BeIMKY KiZIbKiCTh OI/IANOBMUX CTaTel;

MaKCMMaJIbHa KOPUCTD IIUTAT AJIA YMTada (41MTaueBi He iKaBO, KO/IM aBTOP MOCMIAETHCS Ha BE/INKY Ki/IbKIiCTh
CBOIX po6iT 260 Ha iHIIi pO6OTH 151 TOrO, I[06 MOKA3aTy INTMOMHY CBOIX 3HAHD);

MOCV/IAaHHSA Ha pe3y/IbTaTy iHIINX JOC/iIKeHb, AKi a00 cyllepedaTb OTPMMAHNM aBTOPOM pe3y/IbTaTaM (AKIIO
TaKi €), a00 MiiTBEPXYIOTD IX.

II>xeperna B TeKCTi CTaTTi MOBMHHI OyTH BiICOPTOBaHI 3a IIOPAAKOM 3raflyBaHHS.

Marepiamu FOCTi)KeHH A, eKCIIepUMEHTATbHA YACTUHA € PO3/i/IoM, 3i 3MiCTy AIKOTO Ma€e Oy TV 3pO3yMisIo, AK
OTPMMAHO BCi pe3y/nbTaTi. BapTo omycaTtu cucteMy foCmigKeHHA (MeTOAM, MeTOAMKY TOIIO0). MeTonu, sIKi BUKOpU-
CTOBYBaJIN Ji/1s1 0OpOOKY JaHMX, MAIOTh Oy TV OOIPYHTOBaHI (CIMPATHCS Ha CTATUCTUKY). ABTOD, SIKMIT BUKOPUCTAB
METOMKY OIy6TiKOBaHOTO JOCTIi/)KEeHH 1, IOBMHEH IIOC/TIATIICS Ha Hel Ta JaTU pe3ioMe MPOLieAyPYU B TEKCTI CTATT.

PesypraTit OC/Iif>KeHHsI MAIOTh Oy TH 4iTKO BU3HAYEH], @ iZICYMKOBI pe3y/IbTaTi — 00 €KTUBHO HifiTBepAXeHi
(HampuKiIaf, pe3yabTaTaMM MaTeMAaTUYHOTO, CTATUCTUYHOTO, iMITaIlifHOTO MOJeNTIOBAaHH A, HATYPHUMU €KCIepH-
MeHTaMH, GyH/JaMeHTaTbHUMY [O/IOXKEHHAMY HayKOBUX JUCLUIUTIH Y Bi/JIIOBiHII IpeIMeTHIil ramysi).

InTepnperania pe3ynbraTiB Ta ix anpo6anis nepesbavae NpuKIagy IPakKTUIHUX pilleHb (pe3ynbTaTu
JJICeTbHUX eKCIePVMEeHTIB, rpadikm, JiarpaMu TOII0) Ha OCHOBi OTPMMaHNX aBTOPOM HayKOBUX pe3y/IbTaTiB.
IIpuknangy galoTh 3MOTY OLJiHMTY af€eKBaTHICTh 3alIpOIIOHOBAHMX TEOPETUYHUX PillleHb Ta iX IPaKTUYHY 3Ha-
uyyMicTh. [ToTpi6HO BKa3aTy, B yMOBaX AKOT0 BUPOOHMIITBA OYy/IM BIPOBafi>KeHi 800 MOXKYTb OyTI BIPOBafI>KeHi
pe3yabTaT JOCTiI>KEHb.

SIK1110 pesy/IbTaTy He € OCHOBHOIO METOIO CTATTi, IX MOXKHA y3araJbHUTH il He TyOTiKyBaTH faHi fetanbHo. Tum
He MeHIIL, y pa3i HefoCTaTHbOI KinbKocTi iHdopMmaii unTad MoXKe BTPaTUTH JOBIPY 10 JOCTi/KEHH A, IPUIYCTUBIII,
III0 aBTOP IIPUXOBYE C/TA0OKi JOKA3M.

BucHoBKM BifoOpa’kaloTh, HACKI/IBKM MaTepian JOCTiKeHHs BiNOBifja€ itoro uinsam, chopMyIbOBaHUM Y
BCTyIi. BapTo 03Ha4nTH, 4 iCHYIOTh a/IbT€PHATUBHI iHTepIIpeTallil OTpMMaHUX Pe3y/IbTaTiB Ta IOPiBHATH OTPU-
MaHi pe3y/IbTaTy 3 Pe3yAbTaTaMU iHIINX TOCTiI KEHb.

JlopedHo BKa3ary, IK pe3y/IbTaTy HAyKOBOI PO3BIIKYM MOXYTb BIUIMHYTI HA MalOyTHI JOCTi)KEHH, 9 € B JIO-
cripxeHHi oomexeHH:. [lepeBipTe BiiIOBITHICTD ONMCAHNX BICHOBKIB OTPMMAHIM TaHUM.

Cricok BUKOPHUCTAHOI TiTepaTypu

Ko’xHa KOHCTaTaIig GpakTy 41 OINC NoNepefHiX BUCHOBKIB, IUTATU, METOAY, MOZE/i, pUCYHKM, TAaO/INIIi TOIIO,
3aro3nyeHi 3 iHIMUX poOiT, 000B’I3KOBO CYIPOBOXKYIOTHCS IIOCUTAHHAM Ha MEPLIOKeperio.

ITocwaHHA Ha CIMCOK JTiTepaTypy MOBUHHI Oy TV IPOHYMepPOBaHi MOC/IiZIOBHO BifiIOBITHO /O IX MOPAAKY Y TEKCTI.

[TpaBuiIbHE ONMCaHHA JiKepeJl, Ha sAKi TOCUTAI0ThCS aBTOPY, € 3aIIOPYKOIO TOTO, 1[0 IIMTOBaHy My6/iKario
OyZie BpaXOBaHO B IIPOIeCi OLiHIOBAHH I HAYKOBOI AisAMBbHOCTI 11 aBTOPIB, a OTKe, it OpraHisauii, periony, kpainu. 3a
LMUTYBaHHAM XyPHa/ly BUSHA4Ya€ThCA I0r0 HAyKOBUIL PiB€Hb, aBTOPUTETHICTD TOLIO.
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Bumoru 10 opopMIeHH HayKOBUX CTaTeill

ITicna cTaTTi yKpaiHCHKOIO MOBOIO MA€ Oy TV PO3MIIleHO Ba CIMCKUL:

1) Cnucoxk suxopucmaroi nimepamypu — gyxepena MOBOIO OpUTiHaiTy, opopMIIeHi BifIOBiTHO O BUMOT YKpaiH-
cbKoro craugapty 6idniorpadiunoro onucy JCTY I'OCT 7.1:2006 «bi6bmiorpadiunnii samuc. bibmiorpaditumnii omuc.

3arajipHi BUMOTM Ta IpaBuIa CKIATaHHA».

2) References — TOJI caMuil CIIUCOK JIITEPaTypH, e YKpaiHChKi Ta pociiichKi fpykepera TpaHCTiTepoBaHi B /1a-
TUMHCBbKOMY a/1(aBiTi Ta MofaHi 3a JOIIOMOTro0 MiXXHApOJZHOI CHCTeMM 3anucy nocuaanusa American Psychological
Association (APA).

Il cTaTTi aHIIiICBKOI0 MOBOIO JOCTaTHBO /nile cnyucKy References.

Odopmrenns ciucky nireparypu «References»

1. Cnincok nmiteparypu («References») fyst Scopus ta iHummx 3apy6i>xxunx 6a3 ganux (BJI) Heo6xifHO HaBOAUTHI
OKpeMIM 6710KOM, IOBTOPIOI0UM CIIMCOK, HaTaHNIT YKPaIHChKOI/POCiNICBKOI0 MOBOIO, HE3aJIEXKHO Bif TOTO, € B HbOMY
iHO3eMHI I>Xepesia U/ HeMae.

2. 3a 0cHOBY OOy OBV OCU/IAHHS B CIVICKY JIITEPATypy TATMHULIEIO B XXy pHaIi «SIjepHa eHepreTuka Ta JoB-
Ki/UIs1» B3ATO NpuHUunu ¢popMyBaHHs 6i6niorpadiunux nocunanb American Psychological Association (APA).
BipgnmosigHo o cenudiku aganranii 6i6iorpadivHoro onucy Marepianis yKpaiHCBKOIO Ta POCiICbKOI0 MOBaMM
BPaXOBaHO peKoMeHfallii ekcriepta 6asu gaunx Scopus O. B. Kupunosoi.

bi6miorpadiuni mocumaHH TATMHULEIO /1A )XY PHATY CTBOPIOIOTH 3a IPUHIIUIIOM, IO JACTh 3MOT'Y 3apyOi>KHUM
HAayKOMeTPUYHUM 6asaM y Halllermmit crocié ¢ikcyBaTu faHi Ipo e1eMeHTY KO>KHOTO IIOCU/TAaHH:A Ta 3a0e3MednTn
KOPEKTHI IOKa3HMKM IX IMTOBaHOCTI.

3. B omuc cTarTi HeOOXiTHO BHOCUTM BCiX aBTOPiB, He CKOPOUYIOUM MEPETIiK O TPHOX, K Ije PEKOMEHIOBAHO
YMHHYMMH B YKpaiHi lep>KaBHUMU CTaHJJapTaMU.

4. lesixi enemenTy 6i6miorpadivHOro OMICY MOJAIOTH KYPCUBOM, K IIOKa3aHO Ha 3pasKax HIDKYE.

5.Y Bunagkax opopMIeHHs YKpaiHO- ab0 poCiiiCbKOMOBHOTO JKepesia iHIII0I0 MOBOIO ITiC/Is 3aT0/IOBKa i Bifo-
MOCTeI! IIPO BU/JaHHA, TPAHC/TITEPOBAHUX TATHNIIEIO, B [KBaJpaTHNX Jy>KKaX]| BKa3yeTbCs MepeK/Iafi yKpaiHChKOTO
(pocificbkoro) 3aroJIoBKa pa3oM 3 BiJOMOCTSIMU IIPO BU/IAHHSA B AHITIINICBKY MOBY.

6. [lns TpaHCIiTepyBaHHA IpPi3BUIL aBTOPiB, Ha3B CTaTel, KHIIKOK, BUAABHULITB TOLO BApTO KOPUCTYBATHCA
OHJIaJH-KOHBEpPTEPaMM OKPEMO JJIA YKPaiHChKOIO Ta POCiJIChKOI MOB, IOCUIAHHA Ha sKi nojaHi Hipk4e. Li pecypen
MpPONOHYIOTh HAMIIOIIMPEHIIIi BapiaHTY TPAHCIITepyBaHHA: /ISl YKPaiHChKOI MOBY — 3Ti/JHO 3 YMHHMM CTaHJapTOM
(ITacnoptanit KMY); ais pociitcbkoi — BifnmosigHo fo npaswn Jepsxaenapramenty CIIA. Taknit nigxing nossonntsb
yHiikyBaTu faHi Ay Mi>KHapogHMX 6a3, afKe pi3Hi cucTeMy TpaHCTiTepanii CHPUATUMYTh CTBOPEHHIO PiSHUX
pe3ynbTarTiB.

OmaitH-KOHBepTep 3 YKpaiHChKOI MOBM A/is1 TpaHCmiTepauii: http://translit.kh.ua/?passport.

OmaitH-KOHBepTep 3 pOCiiicCbKOi MOBM AJIsA TpaHCIiTepaLii: http:/ru.translit.net/?account=bgn.

J71s1 yKpalHOMOBHMX i pPOCiJICPKOMOBHMX CTaTell, AKi BUKOPUCTOBYIOTb 3 )XyPHasliB, peKOMEHYEMO TaKUi
BapiaHT cTpyKTypu 6i6miorpadiunux nmocunanb B References:

I1Ib aBTOpiB (TpaHCHiTEpaLif);

PiK BUJJaHHA B Jy>KKaX;

Ha3Ba CTaTTi y BapiaHTi, 10 TPaHCIIITePYEThCS, i TepeKIaj Ha3By CTATTi aHITIiICBKOI0 MOBOIO B KBafipaTHUX
myxKax [ J;

Ha3Ba JiKepena (TpaHCIiTepalis) i mepekia Ha3BU XKepesa aHITiICKOI0 MOBOIO | ]

BUXITHI JJaHi 3 TO3HAYeHHAMM aHI/IiJICbKOIO MOBOIO.

no3HaYeHH: MoBMu opurinany (in Rus., in Ukr.).

CrHpocTuTu mpoiiec CTBOpeHHs cnuckKy «References» faroThb 3MOTy pecypcu aBTOMaTH4YHOTO pOPMYBaHHs
6i6miorpadivHMX ONNUCIB 3a IPONOHOBAHMMM CTaHAapTaMu. [[pdyoMy omycy MoXKHa CTBOPIOBATH /IS PiSHUX BU-
fiB myOmikauiit (KHUTa, CTATTA 3 XKy pHay, iHTepHeT-pecypc Too). IIpukmanm Takux caiirtis: http://www.easybib.
com; http://www.bibme.org.

ITpuknagu odpopMIeHHs CIIUCKY niTeparypu References Ta 6inbire inopmarii fuBiThCs Ha cailTi )XypHamy
npe.org.ua B po3fiini «Bumornu o craTesi».
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