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IIpo6neMHi NUTAHHSA TEMIOTiAPABIIYHOTO PO3PAXYHKY
AKTUBHUX 30H IIEPCIEKTUBHIX BOJOOXO0NIO[)KYBaHNX PEaKTOPiB
3 HAAKPUTUYHMMMU IIapaMeTpamMu

Knrouosi cnosa:

JIETKOBOJHUIL SAIEPHUIL PEAKTOP,
HaJKpUTHYHI TapaMeTpu,
TEeIIOBU/iIbHA 36ipKa,
MIOTiPIIEHNI TETIO0OMIH,
TeMIlepaTypa CTiHKM KaHay,
TEIIOBE HaBaHTa>KEHHA.

PosrisinyTo ¢yHmamMeHTanbHi TermnodisnyHi 0COOMMBOCTI Ipolecy TemaoobmiHy
Mi>X HarpiTom CTiHKOI0 BEpPTMKAaJbHOTO KaHa/ly Ta JIETKOBOJHMM TEIJIOHOCIEM Hajl-
KPUTUYHUX IIAPAMETPIB CTOCOBHO YMOB TEIUIOBIAfa4i y CTPVIKHBOBMX 36ipKax Te-
wroByainbHuX eneMeHTiB (TBEJI) B aKTMBHMX 30HaX NepCIIEKTUBHUX eHEPreTUYHUX
AfepHUX peakTopis. [IpoananisoBaHo HasABHI METOAY Ta peKOMEH A1 3 TEIIOTipaB-
JYHOrO PO3PAXYHKY SIEPHNUX PeaKTOpiB 1jporo tuiry. O6IPyHTOBAHO MOXIMBOCTI
BUHIKHEHH B 3a3HAYEHNX YMOBAX IIOTEHI[i/IHO HEOE3IIeYHOT0 PEXXMMY IIOTipPLUIEHOTO
TEIno0OMiHy, 110 PU3BOJUTD O Pi3KOro 3pocTaHHs TeMieparypu ob6omonku TBEJI
Ta 3aTPOXKYE pyJHAIli€l0 MOBEPXHI TEIUIOBiAAavi. BusABIE€HO HEJOCTATHICTD HAABHUX
JAHUX I CTBOPEHHs HafiliHIX PO3PaxXyHKOBUX METOfIB 3abesledeHHs HamiltHOI
eKCIDTyaTalil UX MepCcIeKTUBHUX PeaKTOPiB Ta BI3HAYCHO OCHOBHUII HAIIPAM Heo0-

XigHVX TOJAIbIINX TOCTiIKEeHb.

Beryn

PosrnsaHyTi B Hamux nonepefHix nyomikanisx [1, 2]
pe3ynbTaTy iHXKeHePHOTO ONPAII0BAHHS KOHIEITYa/Ib-
HUX MPOEKTIB JOCTiAHO-IPOMICIOBUX 3Pa3KiB Afep-
Hux peaxropis (IP) i3 HaEKpUTUYHNMY ITapaMeTpaMu
(HKII) 1erkoBOAHOrO TEIIOHOCI s, siKe Oy/10 BUKOHAHO 3a
ocTanHi poku B Pocii Ta B fieAKUX iHINX KpaiHax CBITY,
CBiZuaTh PO HaTa/lIbHY NOTpeby B peanisaliii cUCTeMHO-
ro aHasli3y 0cob6mBocTelt GisYHOTrO BIVIMBY HeTiHiITHOI
AMHAMIKY 3MiHM TeIIOQISMYHNUX BIACTUBOCTEI BOLU
BifIIOBiJHO [0 PiBHA BOCATHYTOI TEMIIEPATYpPH, IO MA€
MicIje B HABKOJIOKPUTUYHIiT 06/1acTi, Ha mpouec popmy-
BaHHA crreny}ivHMX TpodiniB posnofiny BU3HAYaIbHIX
Termno(i3NYHNX TapaMeTpiB Ta [UHAMIKM TeIIOTipas-
nivaux mpouecis (TT'TI) Termonocist B po6ounx KaHamax
aKTMBHOI 30HN (AK3). Y KOHTEKCTi IIbOTO aKTyaIbHOTO

3aBJaHH, 1[0 3YMOBJIEHO NPiOPUTETOM e(eKTUBHOTO
BUPpillIeHHST KOMIUIEKCY IPO6IeMHUX NMUTAHb 3i CTBO-
penns AP 3 HKII tennoHocif, cucteMaTu3anuii Ta aHami-
3y Ha eTalli po3poOKYU METONOIOTII TeI/IOripaBIiYHOrO
PO3pPaxyHKY TaKUX peaKTOPHMX yCTaHOBOK (PY) mimmnsa-
TaloTh Pe3y/IbTaT! JOCTiI)KeHb XapaKTepHUX PisMIHNX
edeKTiB, 10 CYIPOBOMXYIOTh AMHAMIKY TpaHchopMa-
1ii IpocTOpoBOI CTPYKTypH posnoginy mapamerpis TTTI
y pobounx kaHamax Ak3 IMX peaKToOpiB. 3Bakaro4y Ha
crienudiky nepe6iry TI'TI y HaBKOMOKpUTHUYHIIT 06/1acTi
B Mait6yTHix mpororunax P 3 HKII, mae 6yTu 3abesrme-
4yeHa e eKTUBHA Ta Oe3MevYHa TEIIOBiAa4Ya 3 MOBEPXHi
TeroBuAinbHNX eneMenTiB (TBEJI) y mratHux pexu-
Max ekciuryararii PY, mjo matots 6yt ¢isndHo 06rpyH-
toBaHi. KpiMm Toro, MaloTp 6yTu mpoaHanisoBaHi Ta
BU3HAYeHi YMOBM) BUHIKHEHHS aHOMAJIbHNX Ta aBapiii-
Hux pexxumis excrnyatanii Ax3 AP 3 HKII ta pospo-

© I. T IlTapaescokmir, H. M. ®ianko, A. B. HocoBcbkuii,
JI. B. 3imimg, T. C. Bnacenkao, I'. I. IllapaeBcpknit, 2020
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I. T. IlTapaescoknit, H. M. ®@ianko, A. B. HocoBcbknii Ta iH.

O71eHi epeKTUBHI METO VKM BUSHAYEHH S Ta PO3PAXYHKY
VX peXXUMiB. 3 ypaxyBaHHAM BHUIIje3a3Ha4eHOI Tpobiie-
MAaTUKM 00’ €KTaMM CUCTEMHOTO PO3IJIAAY B Liiit po6OTi
€ Taki isuyHi acmexkTu:

1) BI/IMB HeiHINHOI TeMIepaTypHOI 3a/IeKHOCTi
TeII0(pi3MYHNX BIaCTUBOCTEN JIETKOBOIHOTO TEIIO-
HOCiA Ha IVHaMiKy 3MiHM iHTEeHCMBHOCTI TeNI0BiAfaYi
3 moBepxHi TBEJI, a Takox Ha Tpancdopmario rigpo-
[VMHAMIYHMX XapaKTePUCTUK PeaKTOPHMUX KaHAIB B 00-
nacti HKIT;

2) mpolec po3BUTKY CUJI TepMOTpaBiTallii Ta Tep-
MiYHOTO IIPUCKOpPeHHs B pobounx Kanamax Ax3 3 HKII
Y3I0BK aKCiaJIbHOI Ta pajiiaTbHOI KOOpAVMHAT;

3) xapaxrep guHamiku TTTl y mTaTHNX, aHOMasIb-
HIX Ta aBapiiiHuX pexxumax ekcrnyatanii AP s HKII;

4) 0CO6MMBOCTI Cy4YacHMX MifIXOAiB HO TeIIo-
rigpapiiuHoro pospaxyHky SIP 3 HKII ta o6mesxeHHs
HasBHUX METOMMK.

Oco6muBoCTi Ten1000MiHy Ta rigpogMHAMiKN
B 00/1aCTi HABKOTTOKPUTHYHNIX IapaMeTpiB

Sk Bigomo [3], ronoBHa ocobnuBicTh OfHODAZHNUX
TEIIOHOCIIB 3 TeIIOTi[paBlIiYHMMU IapaMeTpaMu,
ONMM3BKMMU IO KPUTUYIHUX, IIO/IATAE B TOMY, IO IXHi
Ter0¢i3MYHi BIACTMBOCTI Pi3KO Ta HEMOHOTOHHO
3MIHIOIOTBCS 3a7IEXKHO Bifl JOCATHYTOTO PiBHA TeMIIe-
paTypu Ta, KpiM TOTO, CYyTTEBO 3aJIe>KaTh Bifl BEIMYNHA
THUCKY B TeI/I00OMiHHOMY mpucTpoi. OcobnmuBo 3Mina
IIUX BJIACTMBOCTEN Ma€ Miclie mo6/In3y 30HU MCEBJO-
KPUTHUYIHOI TeMIIEpaTypu TemnoHocia T, AKa 3a BU3Ha-
YeHHAM BiJIIOBila€ MaKCUMYMY J10OTO TEIIOEMHOCTI.
Tak, 30kpeMa, I/14 BOAM 151 30HA 3HAXOAUTHCA B iH-
TepBaJli eHTa/IbIIil, 1[0 NPUOIN3HO OXOIUTIOE Aiala3oH
Ai=1i,...i,=1600...3000 x[[>x/xr. IIpn qpomMy Ha HMX-
Hiit Mexi 1poro inTepsamy i, < 1600 kx]Ix/kr 3 dismanoi
TOYKM 30PY TeI/IOHOCiN mepebyBae B cTaHi KpaIenbHOI
pinuHM, a Ha Fioro BepXHil Mexi i, > 3000 k]J[x/Kr po-
6oue Tino cTae ra3oM. 3 ypaxyBaHHAM IIUX OCOOTMBO-
cTeit 3MiHM Ternodi3NYHNX BIaCTUBOCTEN TEIIOHOCIS
B o6macti HKII po3paxyHOK iHTeHCMBHOCTI TeIIOBif-
madi, AKMI peani3yeTbCcs y BUIE3a3HAadYeHNUX 30HAX
HVDKHBOTO Ta BEPXHBOTO iHTE€PBaJIiB €HTa/bIIil TeN/I0-
Hocia 3 HKII, mae BUKOHYBaTUCh Ha OCHOBI BiJOMUX
3a7IeXKHOCTEI, 110 ONUCYIOTh TENIOBifLa4y BigIOBi/I-
HO JI/IS1 KpamenrbHOi pifuny Ta rasy. [Ipote B ymoBax,
konu piamasoH 3minu TTTI remnonocis nepebyBae mosa
BUIIle3a3HAYEHVIMY iHTepBalaMy 71 OXOIIIIOE 00/1acTh
HKII gyacTkoBO a60 1i/TKOM, 3aCTOCYBaHH: BUIe3a3Ha-
YEHNX eMITIPMYHNX 3a/I€KHOCTEN, 3TiHO 3 JTaHVMMM y3a-

rajIbHIOIY01 po60TH [3], CTa€ HEMOXTUBUM, OCKIZTBKI
1i TiTXOAY MepecTaloTh BPaXoByBaTH crienugivni oco-
61MBOCTI TeI/IOOOMIHY Ta TiZpOAMHAMIKY B HABKOJIO-
KPUTHUYHII 0671acTi.

3 ornAny Ha BUIe3a3HAYEHMI HeIiHITHMIT XapaK-
Tep 3MiHM TemToGi3MYHMX BIACTUBOCTEN TENIOHOCI
B HaBKOJIOKPUTHUYHIN 00/1acTi, AKICHMIT XapaKTep me-
pe6iry TTTI y pagianpHOMY HaIpsAMKY HaiIIPOCTILIIOTO
IVTIHAPUYHOTO KaHAJY 31 CTIHKOIO, sIKa 06irpiBaeThb-
cs, BIAIOBiZHO 10 aHUX [3], BUI/IAKA€E TAKUM YMHOM.
B yMoBax, Konmu NICeBOOKPUTHYHA TeMIlepaTypa Te-
n/10HOCiA T 3HAaXOMUTHCA B IHTEPBAIi MK CEPEHbBOIO
TemmepaTyporo notoky T Ta remmeparyporo ctinku T,
nporo kaHanmy, 10610 T < T < T_, auHamixa sMinu iso-
6apHOI TEIIOEMHOCTI TEIJIOHOCiA ¢, Mae TaKi XapaKTepHi
ocobnmuBocri. [To-nepue, y pajjialbHOMy HaIPSMKY Bif
CTiHKM KaHajy [0 LEeHTPY JI0ro MONepeYHOro Iepepisy
Be/IMYMHA C IIBUJIKO 3POCTAE, JOCATAE MAKCUMYMY, TIiC-
71 9OTO MPOSAB/IAE TEHNIEHIII0 1O 3SMEHIIEHHA. Y TOMY X
pafiaJIbHOMY HaIIPSAIMKY 3MiHIOETbCS TAKOX i IIi/IBHICTD
TEMJIOHOCiA p, AKa JOCATa€E MAaKCMMYyMYy Ha OCi KaHaly.
Y pesynbrari nofibHuX 3MiH TennoQpisMIHNX BIACTU-
BOCTEII TEIJIOHOCiA B PajliaIbHOMY HAaIIPAMKY, a TAKOX
Y3[0BX T€OMEeTPUYHOL OCi KaHaIy Ma€ MicIie CyTTEBUI
BIUIMB iXHBOI IMHaMiK/ Ha OCEPEeHEHMII Ta MyIbCca-
LiltHMit pyx TemtoHocis. Ilo-mpyre, BuilesasHa4eHi Te-
IIorigpaBiuHi epekTy 6e3nocepeHbO BIUIMBAIOTD HA
IHTEHCUBHICTD IpOLeCY TEIIOBififadi, OCKi/IbKM BOHA
BM3HA4Ya€TbCA pyXoM TennoHocis. Ilo-Tperte, meit npo-
CTOPOBUII PYX BM3HAYa/IbHMM YMHOM BIUIMBA€E TaKOX
1 Ha XapaKTepUCTHUKH TifpaBAiYHOTO OIOPY KaHAaJy Te-
IIO0OMiIHHOTO IPUCTPOIO, [ie UMPKY/IIE TEIIOHOCIH
3 HKII. Kpim Toro, cmif mifKpecanTu, mo CyTTEBA,
YHAC/TiJOK BUIIe3a3HaYeHNX TeIUIOTiipaBIiuyHuX edek-
TiB, HEOJHOPiJHICTh PO3NOAiNY IIiTbHOCTI TEMIOHOCIA
IpPU3BOAUTD O BUHUKHEHHS B MOAIOHMX CKIAZHUX
yMOBaXx IOJaTKOBUX TePMOTpPaBiTalliliHUX eeKTiB, 10
3yMOBIIIOIOTh (P OPMYBAaHHS IMITY/IbCiB TEPMIYHOTO IIPU-
ckopeHHs1. OCTaHHI B CBOIO 4epry CyTTEBO BIVIMBAIOTD
Ha pyx TemnoHocisa 3 HKII B kanasi Tennmoo6MiHHOTO
npucTpoo. TakuM 4MHOM, 3 OT/IANY Ha BUIIEHABEEeHMII
axicHmit onuc nepebiry TTTI B HaitmpocTinomMy kaHami
UuIiHApu4YHOi reomMeTpii B ymoBax HKII, cTae oueBusa-
HVIM, 110 BCi pO3IIAHYTI Buile ¢isndHi edekTn € B3ae-
Mornop’si3aHuMu. [IpoTe foMiHAHTHA POJIb JOCATHYTOTO
B KaHaJIi piBHS TeMIIepaTypu € 0COOIMBOIO, OCKINTbKI
1eil mapameTp 6e3nocepefHbO BIU3HAYAE 00’ EMHY II[i/Tb-
HICTbh TEIVIOHOCIiA, IO 3MiHIOETHCA BU3HAYAIBHUM Y-
HOM TaKOX i B3[JOBX aKCiaJIbHOI KOOPAMHATH pOOOIOro
KaHaJTy. Y pe3y/bTaTi B3aEMHOTO BIUIMBY HU3KM (i3sNIHO
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HOB’A3aHUX MiX co6010 Ta B3aemosanexxuux TTTI Big6y-
BAIOTHCS XapaKTepHi 3MiHM B Iepebiry mpouecy TypOy-
JIEHTHOTO II€PEHOCY Ta iIHTEHCUBHOCTI ITIEPEHOCY TeIlIa.
3 ypaxyBaHHAM BUIIEe3a3HAYEHOTO Ta BiZIOBiZHO 1O
icHylouMx yaBeHb (3], AKicHy QisuuHy Mofenb nepebi-
ry TTTI B unningpuyuHomy kanani B obnacti HKII, crip
Bifg3HaunMTy Take. Hacammepen, BifmoBifHO 1o mpo6ie-
MaTUKM pO3poOKy mepcrekTuBHMX SIP i3 HABKOIOKpH-
TUYHMMM TTapaMeTpaMy TeIIOHOCisA, TO6TO B yMOBax
BUKOPUCTAHHA B po604YMX KaHanaX AK3 pO3BMHEHO]
dbopMu OBepXHI TeIOBiAfadi, a caMe CTPYIKHbOBUX
tertoBuinbHMX 36ipok (TB3) TBEJIL, ckmagHicTs me-
pebiry Bumesasnadenux TTII cyTTeBo 3poctae. Kpim
TOTO, C/IiJj MaT¥ Ha yBasi TaKOX i Toil dakKT, 10 Haby-
TUIL CBOTO 9aCy B TEIUIOBil eHePTeTUI[i TEXHOIOTIHMIA
nocsipn BukopuctanHuA 30H1 HKII BogHOTrO Tennoxocis
He B ITOBHIII Mipi MO>xe Oy Tu 6e3mocepeHbO 3aCTOCOBA-
HUIT y po3pobmoBanux nepcrektusHux P 3 HKII. Taxe
TBEepA>KeHH s TOTpebye MOrnb/IeHol apryMeHTanil B I1iit
po60Ti Ha OCHOBI CHCTEMHOTO TeMI0(}i3NIHOTO aHATII3Y
3oy HKII BifmoBigHO [0 akTyanbHOI Mpo6IeMaTUKU
Tennorifipasnivnoro pospaxyHky Ak3 P 3 HKII. 3Ba-
JKaIo4M Ha Iie, C/IiJ} BiI3HAYMTY HAaCTyIIHE.

BukoHaHmit y Halux momepefHix poborax [1, 2]
aHali3 CBIYMUTD, IO MOPAL 3 TPAAULIHOW A Cy-
YACHUX JIETKOBOZHUX eHepreTuyHux AP ogHo3axigHOIO
CXEeMOIO PYXY TeIUIOHOCis B AK3 B po3po0IoBaHNX Ha
TeIepilHil 9ac KoHIenTyanbHux npoekrax AP 3 HKII
PpO3IIANAEThCA TAKOXK [GBO3aXifjHa cXeMa PyXy TeIo-
HocCif. 3 ornAAy Ha Ije, CIif Bif3HaYUTH TOi (PaKT, 10
IpolLeck TemI00OMiHYy Ta riipoguMHaMiky B KaHamax
Ax3 SIP BifmoBiZHO 0 KOXXHOI 3 IIMX TENJIOTigpaBid-
HUX CXeM € CyTTEBO BiIMiHHMMM i1 MaloTh crenndivi
oco6mmBocTi. OueBUIHO, 1]0 IrHOPYBAHHA LIUX 0COO/N-
BOCTell y METOIMKAX TENIOTifpaBAiYHIUX PO3PaXyHKiB
AKk3 3 HKII Mmo>xe mpu3BecTM JO CTBOPEHHS HElOCTAT-
HbO HaJifHMX Ta HaBiTh IOTEHI[ITHO HeOE3IMEeYH X KOH-
cTpykuin. Tak, B yMoBax HifJIOMHOTO PyXy TeIIOHOCiA
JIOTO HIi/IBHICTD 3MEHIIYETHCA 3HU3Y JOTOPY, IPUIOMY
LeJl pO3NOAiI Ma€ CTiiKMII XapakTep. Y IUX yMOBaXx Ki-
HETUYHA €HEePrid My/IbCallifiHOTO PyXy TEIIOHOCiA BU-
TpavaeThCs HA POOOTY IPOTY TepPMOTPABITALIIIHUX CHUTI,
AK1 IpY IbOMY BMHUKAIOTb, 110 IPM3BOAMTD IO 3aTyXaH-
Hs TypOy/IeHTHOro nepeHocy. HaBmaku, B yMOBaXx OIyCK-
HOTO PYXY TEIVIOHOCiA B KaHaJIi, [0 06irpiBa€eThCs, 10ro
LIiZIBHICTh 3pOCTA€ 3HNU3Y JOTOPU, IPMUOMY MA€E Miclie
HECTIIKMII XapaKTep TaKOro pO3NOZiny. ¥ IUX yMOBax
po60Ta, 1110 BUKOHYETHCSI TEPMOTPABITALIIIHUMY CYJIA-
MM, 32 HaABHOCTI ITy/IbCallill IIiTbHOCTI BUTPava€ThCs
Ha 361/bIIeHH s KiHETUYHOI eHeprii My/IbCcalilfHOro pyxy,

sIKe IIPU3BOAUTD JI0 IIOCUTIEHHS Ty pOyIeHTHOTO ITepeHO-
cy. IIpu npomy B pe3ynbpTaTi TepMiYHOTO IPUCKOPEHHA
IIOTOKY BifI6yBa€eTbCsA TaKOX TaMiHApM3aIlis IIMHY Te-
IIOHOCI s, TOOTO 3MeHIIIeHHS TypOy/IEHTHOTO IIePEHOCY
y IPUCTiHKOBII 06/1aCTi.

Oco6mmBocTi Gi3sMYHOrO BIVIMBY KOMIUIEKCY BUIIe-
3a3HAaYeHMX TEIJIOTifPaBIiYHNX YNHHUKIB HA KPUTHY-
HUJI TapaMeTp eKCITyaTalifiHoi 6es3IeKy, 10 BU3HA-
Ja€TbCA iIHTEHCUBHICTIO IIPOLleCy TemnoBiggadi B A3
AP 3 HKII tenmonocis, a came TeMIeparypy NOBepXHi
TEeIJIOBifIadi BEPTUKAIbHOTO UVTIIHAPUYHOTO KaHaTy,
AKUI OXONTOIKY€ETHCSA IIMHOM MOJETBHOTO TEMIOHOCIA
(mioKcHy BYITIEI o), MOKYTb OyTH IIPOiNTIOCTPOBaHi Ha
puc. 1 3 pobotnu [3]. Ha pucyHKy mpefcTaBIeHO eKcIe-
PMMEHTAIbHY 3a/IeXKHICTh TeMIIEpaTypu CTiHKU Bep-
TUKA/JIbHOTO KaHaJly, o 06irpiBaeThcs, B3IOBXK i1Or0
aKcia/bHOI KOOPAVHATY BiJ| BENMYMHN ITapaMeTpa g /pw
(BifHOLIEHHA I'PAaHMYHOTO TEIJIOBOTO IMOTOKY Ha IO-
BEpXHi TeINOBifAadi O MaCOBOI IIBUAKOCTI IOTOKY Te-
IIOHOCif), AKUM 3a3BMYall XapaKTepU3yITh iHTeHCHB-
HICTh TeNJIOBiggayi.
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Puc. 1. XapakTep sMiHM TeMIepaTypy CTIHKM IVUTiHPUYIHOTO
BEpPTMKA/TIbHOIO KaHAITY, 10 06irpiBaeThCs, 3a/IEXKHO Bif
BiHOCHOI JOBXXMHM KaHAITy X/d B peXXuMax HOpManbHOro (1)
Ta moripuieHoro (2—4) Tennoo6Miny 3a mifgtoMHOro (4) Ta
OIycKHOro (6) pyXy ABoOKMCY Byrerio B 30Hi HKIIL.
YmoBu exciepyumenty: P = 7,7 MIla; pw = 2120 kr/(m?- ¢);

T =20 °C; sHayeHHs TapameTpa q /pw:
a:1—0,092,2— 0,182, 3 — 0,261, 4 — 0,308;

6: 1 — 0,096, 2 — 0,190, 3 — 0,265, 4 — 0,323 (3a gauumu [3])

AHaisyo4mu eKCllepMMeHTa/IbHi pe3ynbTaTy, Ha-
BefleHi Ha puc. 1, Tpeba MaTy Ha yBasi, 1o ix 6yo ot-
PUMaHO Mifi 9ac BUKOPUCTAaHHA MOJENbHOI piguHy —
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I. T. IlTapaescoknit, H. M. ®@ianko, A. B. HocoBcbknii Ta iH.

miokcupy Byrinento — AK tennoHocisa 3 HKIL ITpote Taki
TeMIIEPATyPHi pO3NOAINN € XapaKTepHMMM TaKOX i 1
JIETKOBOJJHOTO TEIJIOHOCI 1 B HABKOJIOKPUTHUYHIN obnacri,
a TaKOX A1 iHIMX pobounx Ti. I1ix yac cucremarusa-
il IMX eKCIepyMeHTa/IbHUX JaHUX 3BePTAIOTh Ha cebe
yBary npmHuunosi ¢iswyni ¢akTtu: a) Terosiggaga
3 OBEPXHi TeIIOBi/ifadi B HABKOMIOKPUTHUYHIIT 06/1acTi
peaisyeTbcs y JBOX OCHOBHUX TEIIO(I3UUHUX PEXI-
MaX TeIUIOBififjadi — HOpMaJIbHOMY Ta IOTipIIEHOMY;
6) B yMOBaxX HOpPMaJIbHOI TeI/IOBifladi TeMIeparypa
MOBEepPXHi 3a/IMIIAETHCS HE3MIHHOI0 200 MOHOTOHHO 3Mi-
HIOETbCS IIPY 3POCTAaHHI IIIBHOCTI TEMJIOBOTO MOTOKY;
B) Y pasi moripureHof Temosigmadi 3a yMoB 3pOoCTaHHSA
LIiTBHOCTI TENOBOTO MOTOKY TeMIlepaTypa IIOBEPXHi
TeIUIOBiAa4i pisKo Ta Hemepef6adyBaHO 3POCTAE, Iepe-
BUIYIOYY IIPY IbOMY BOIIYCTUMY JJ11 KOHCTPYKIIi/IHOTO
MaTepiany Temnmo06MiHHOTO IPUCTPOIO TEMIIEPATYPHY
MeXXy. 3Ba’Kaloun Ha BUINe3a3HauyeHe Ta BiAIIOBIJHO [0
CY4aCHUX ysB/IeHb [3] mpo Ternodisndni 0co6mmBoCTi
nepebiry pexxumis Ternosifgadi B ymosax HKII, crip
3BEPHYTHU yBary Ha TakKe.

1. Ha gymky cnenianicTis [3-5], HopmanbHa Te-
IJIOBifijlada 3 MOBEPXHi TEIJIOBiAfladi MpY IIMHI Te-
nnonocia 3 HKIT y po6odyomy kaHami Tenmoo6MiHHOTO
IPUCTPOIO BiTOYBA€THCS B YMOBaX HE3HAYHOTO BIUIUBY
TepMOTpaBiTalii Ta TepMi4YHOr0 NpUcKopeHH. IIpn npo-
MY 3a3BU4Yail BiJl3Ha4a€TbhCsI HECYTTEBA Ta MOHOTOHHA
3MiHa TeMIlepaTypy CTiHKM KaHaJy.

2. Ha Bigminy Biff HOpMaIbHOI TENIOBiAaYi MOTip-
IIEHHS YMOB TeIUIOBifa4i Bi0yBa€ThCs Mifi BIVIMBOM
3HAYHOTO TEPMiYHOTO IIPUCKOPEHHS Ta HAABHOCTI Tep-
MOTpPaBiTallifiHNX CU/I. Y pasi IOMiHyBaHHs OUX TEIIO-
(i3NYHNX YMHHMKIB MAaIOTh MicCIie TOKa/IbHi 3HIKEHHS
koedillieHTa TenI0BifaYi, YHACIiOK YOT0 BUHMKAIOTh
ofiH a60 JieKi/IbKa TeMIIepaTy pHUX MAaKCUMYMiB IO JOB-
JKMHI KaHaTy.

3. 3a HasABHOCTI BW3KiCHO-TPaBIiTaL[ifIHOTO IINHY
rpaBiTalliifHi CMIM BU3HAYaJIbHUM YMHOM BIUIMBAIOTh
Ha XapaKTep pyXy TeIIJIOHOCiA B KaHami. Y IMX YMOBax
PeXMMU IOTipIIeHoi TeNIOBiAfaYi BUABIAIOTHCA AK 3a
HiJJIOMHOT0, TaK i OIIYCKHOTO PyXy T€IIOHOCiA.

4. Y BUIIafKy IiJIOMHOTO PyXy TEIJIOHOCiS B Ka-
HaJTi, 1110 06irpiBa€ThCs, 3BUYAITHO PO3BUBAIOTHCS PEXKI-
MM IIOTipIlIeHO] TenIoBiAavi ABoX pisHOBUAiB. [Tepmmit
BIHMKA€E B YMOBaX, KOJIM IPUCKOPEHHA IIOTOKY JOMiHy€
HaJ| TepMOTpaBiTalli€lo i MaKCMMaIbHUII TeMIIEpaTyp-
HUII CIUIECK Bifj3Ha4aeThcs B 0071acTi ceBAo(ha3oBoro
nepexopny. Ipyruit pisHOBUZ IOTipIIe€HO] TEMIOBifaYi
Bi[]3HAYAETHCA B YMOBaX NOMiHYBaHHS T€PMOIpaBiTa-
LiIHMX CUJI HaJl TEpPMOIPUCKOPEHHAM, ¥ Pe3y/IbTaTi 40ro

TeMIIepaTypHMII MaKCMMYM BMHIKA€E Ha TePMiYHil IO-
YaTKOBIJ A/IAHILI KaHaly. Y pasi 3MeHIIEeHHA MacOBOi
IMIBUAKOCTI TeMIIEpaTy PHUI MaKCUMYM IePEMIIyEThCSA
IO TTOYATKY 30HM 00irpiBy. IIpy 1bOMy BUHUKHEHHS TeM-
IIepaTypHOTO MaKCUMYMY He € 6e3I10ocepelHbO ITOB’A3a-
HUM i3 BIUIMBOM 30HU IICeBI0O(A30BOTO MepeXopy.

5. 3a ymoB omyckHOi Teuii Temnonocia 3 HKII
Yy BEPTMKaJIbHOMY KaHasli y pasi JOMiHyI04OrO BIUIUBY
TepMOTpaBiTallii Ta HECTIMIKOTO PO3NOZiNy IIiTbHOCTI
TEIIOHOCIA BiJ3HAYa€ThCA TEHAEHIIisI 1O IIOCU/IEHHA T'e-
HepaLii TypOy/IeHTHOCTI Ta MiABNUIIEHHS iHTEHCUBHOCTI
nepenadi renoTy. IIpy 4boMy pesXxuMu 3 IOTipIIEHOIO
TEN/IOBifiIa4Yero 3a3BNYaii He BUHUKAIOTD.

6. Ha cporopni nurtanHA npo ¢isnmyHi Mexi me-
PeBa>XHOro BIIMBY Ha pyX Teronocia 3 HKII repmo-
IPaBiTalliiHUX CUJ Ta TEPMIYHOTO NPUCKOPEHH, IO
($aKTMYHO BM3HAYAIOTh YMOBM IIEPEXOAly BiJj HOpMa/lb-
HOI TeIJIOBifja4di O MOTipIIEHOTO PEXXUMY TEIIOBi/I-
Tadi, HefloCTaTHBO JocmifykeHe. IIpore 3a yMoB mimHy
TEIIOHOCis y BepTUKAIBHOMY KaHaJIi, 1[0 06irpiBaeTbes,
II0YaTOK CyTTEBOTO BIUIMBY TepMOrpasiranii (To6To me-
pexin mo moripuieHoi TenaoBifga4i) 3BMYAIHO MPUITHATO
BJ/3HAYaTU Ha OCHOBIi BiATIOBiTHOI eMIIipMYHOI 3a1exX-
HocrTi gs sogu: Gr = 5@, ge @ = 8-107° Re*®Pr [3].

Csoro gacy B IHcTuTyTI BUcOoKux Temneparyp AH
CPCP mip xepiBanuTBom akagemika b. C. Ileryxosa
0y10 po3po6/IeHO METOAUKY YMCEIBHOTO PO3PaXyHKY
iHTEeHCMBHOCTI TeIIOOOMIHY Ta TifpaBIiYHOTO ONIOPY
y BepTUKATbHUX UWIIHAPUYHUX KaHaIaX 3 06irpiBom
B yMoBax mnuHy B HuX Bopu 3 HKII. 3a pesynpraTamu
LUKy IMX JOCTiKEHD /I peXKMMiB HOpMaIbHOI TEIIO-
Bifadi B po6oTi [6] 6y/10 3a1IpOIOHOBAaHO eMITipiYHe piB-
HSHHS, 1[0 OINCY€E eKCIIepYMEHTaIbHI TaHi 3 MOXMOKOI0
£15%. Y ToMy X LIMK/Ii eKCIIEPUMEHTIB JI/IA PO3PaXyHKY
HOTipIIeHO] TeIIOBiifadi y BepTUKA/TbHIX KaHa/max Oy1o
TaKO>X OTPMMAHO BilTIOBiIHy EMITIPUYHY PO3PaXyHKOBY
3anexHicTp [7]. OgHaK A1 YMOB OXOJIOMI>)KEHHS JIeTKO-
BopHUM TertoHocieMm 3 HKII crpmxuboBoi 36ipku TBEJT
ckmaiHoi GopMy HOBepXHi TelyIOBiaYi, 110 BifmoBia€ ii
KOHCTPYKTMBY, BilTIOBifHi OpMY/IN Ha CbOTOIHI BiICY THI.

3 or7Axy Ha PO3IIAHYTI BUIle TeMIlepaTypHi 0c06-
JIVMBOCTI aBapiifHOTO Pe>XMMY MOTipIIeHo] TeNI0BiAxaYi
(muB. puc. 1), o 3HaTHUI COPUYMHUTY Helepenbdady-
BaHy pyliHauio pobounx kaHanis Ak3 AP 3 HKII, cripg
BiI3HAYNTIU:

a) $isMYHNI MeXaHi3M BUHUKHEHHS PeXMMY II0-
ripIIeHoi TeMIOBiAfa4i Ha TeMepilIHii Yac € IPaKTUYHO
HETOCTIIKEeHNIM;

6) HafiiliHI MeTOAY PO3PaXyHKOBOTO BU3HAYEHH
TPaHMYHMUX MEX iCHYBaHHA PEXMMY HMOTipHIEHOI Te-
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IUIOBi/{Iavi B KaHaIaX TemI000MiHHIX IPUCTPOIB, 0CO-
6nuBo B TB3, 3i ckmagHOI0 GpOpMOIO ITOBEPXHI TEI/IOBIA-
Jadi Ha CbOTOJHI BifICy THI;

B) METOMOJIOTiA BM3HAYEHHS IHTEHCUMBHOCTI Te-
IJIOBif#adi Ta rigpasnivyHoro onopy TB3 y pexxumi mo-
ripureHoi TenaoBigavi JOHNHI 1je He CTBOPEHa.

Tennodisnka po6ounx kananis Ak3 peakTopiB
i3 HKII renmonocia

Sk 3a3HaveHO BuIe, OfHi€Ew 3 PyHAAMEHTATBHNUX
npo6seM 3abesledeHHs eKCITyaTaliiiHoOl HajiilHOCTI
Ax3 nepcnextuBuux P 3 HKII € pospobxa ¢isndaHo
aJleKBaTHOI Ta e()eKTMBHOI METOOJIOTII TeIIorigpas-
JIIYHOTO PO3PAaXYHKY POOOUYNX KaHA/IB LIUX PEaKTOPiB.
OpHak Ha CbOTOfHI CJTifi KOHCTATYBAaTH, IO HOTENep He-
Mae€ 3ara/IbHONPUITHATHUX (Pi3MIHUX Moiernelt epebiry
IpoLieciB TEIIOOOMIHY Ta IifpOAMHAMIKM TENIOHOCiA
B ymosax HKII. 3a BificyTHOCTI Takux Moperneit, K Ie
BifI3HaYA€TDHCS, 30KpeMa, Y poboTax [4, 8], He BupilIyeTh-
CA TaKOX 3aBJaHHA CUCTEMHOIO BpaXyBaHHA HU3KU
XapaKTepPHMX 0COOMIMBOCTEl TEITIOOOMIHY Ta TigpOau-
HaMiky po6o4yoro kaHany Ak3 B HABKOJIOKPUTHUYHII 06-
nacti. IIpy nboMy HaBefleHI HIDKYE PE3YIbTaTU JOCHi-
eHb [8-12], 10 BUKOHAHI 32 OCTaHHI POKY, 00 EKTHBHO
CBifuaTh: a) HesliHiHA 3MiHa TerIo(di3MYHNX BIACTHU-
BOCTeJ TEMIOHOCiA B HABKOJIOKPUTWYHIl 30H1 3HAYHOIO
MipOI0 3yMOBJTIOE XapaKTep Iepebiry pexxnmMiB HopMasib-
HOI Ta ToTipIeHoi TernoBigmayi 3 moBepxHi TBEJL; 6) Ha
MOJIEKY/ISIPHOMY PiBHi (isyHa CyTHICTb BUHUKHEHHS
Ta pO3BUTKY HOPMaJIbHOI Ta MOriplIeHoi TeMIoBifayi
3 nosepxHi TBEJI nanexko He IOBHICTIO 3ICOBaHa.

3 ornsAAy Ha BUIIe3a3HauYeHi 00 €KTUBHI YMHHUKY
CIIifl MifKpecInTu:

1) Ha TemepillHiil 9ac pe>XMMM IMOTipHIEHOI Te-
IUIOBifiia4i He MOXKYTb Oy TH HafjilIHO TepefbadeHi Ta po-
3paxoBaHi;

2) HesiHiiiHa a0 eKcTpeMasbHa 3a/IeKHICTb HU3-
KM BM3HAYaJIbHUX TeIIO(i3SMYHUX BIACTUBOCTEN Te-
nnonociA B o6macti HKIT o6ymosmioe ckmagHy isuxy
BMHVKHEHHS Ta PO3BUTKY HEOJHOMIPHUX I'PafjieHTHUX
Teuill TeIJIOHOCi;

3) HasABHICTb IPOCTOPOBMX IUIVHIB TENIOHOCIA B PO-
60490My KaHaJli CYTTEBO YCK/IATHIOE epebir TypOyIeHT-
HIIX IIPOLIECiB, [0 Pa3oM 3 TEIIONPOBiIHICTIO Ta BA3Kic-
HUMU edeKTaM! BU3HAYAIOTh XapaKTep TeIUIOBifgfadi Ta
PiBEHD IrifpaBIiYHOTO OIOPY BifITOBiTHOTO KaHAY;

4) TakuMM 4MHOM, J14 yMoB TB3 Ha Temep Hemae
¢$i3nuHO OOIPYHTOBAHOTO Ta 3arajJbHONPUITHATHOTO
TeIJIOTiJpaB/IiuHOrO KPUTEPIIO, 10 € 3TaTHUM HaillHO

BU3HAYMTY MEXY MIXK peKMMaMI HOPMaJIbHOI Ta IOTip-
IIeHOI TeNIOBiamayi;

5) iCHYIOYi eMIipM4Hi 3a71e>KHOCTI 1711 BUSHA4Y€EH-
HA TPAaHMYHUX MEX OKPEeMUX PEXMMIB TeIIOBifmadi
€ alanTOBAaHMMMU JINILE JO KOHKPETHUX TEIIOTiipaB-
TiYHUX YMOB, IO HOCTiZKyBalINCh Y KOHKPETHOMY Te-
110Qi3MIHOMY eKCIIepYMEHTi.

ExcnepumeHTanbHi BOCTIIKEHHA PEXXUMIB IOTip-
LIEHO]I TeI/IOBiAfjadi B IVUIIHAPUYHNUX KaHa/laX 32 YMOB
HKII 3acBigumnmy, o 3MeHIIeHH A IIiTbHOCTI PifVHU Mift
Jac HaO/MVDKEHHSI 1O KPUTUIHOI TeMIIepaTypy BUKINKAE
TepMidHe IIPUCKOPEHHS IOTOKY, [0 00YMOBJIIOE 3MEH-
IIeHHs TypOy/IeHTHOCT] Ta BUHMKHEHH B IVIVHI TEIIO0-
HOCis apxiMenoBuX cuil. Byno 3’coBaHo, o crinbHMIT
BIUIMB IVX (Pi3SUYHUX YMHHUKIB fedpopmye npodinb
MIBUJIKOCTI, sIKMT HabyBae xapakTepHOi M-momi6HOi
¢dbopmu 3 MaKCMMyMOM 1OO/IN3Y CTiHKMY, fie BeIMYMHA
HOTUYHOTO HAIPY)XXeHHA Ma€ HaOMmmKaTuca [0 HYJIA.
Y pesy/brati B 30Hi HOO/IN3Y CTIHKY YTBOPIOETHCA IPU-
CTiHKOBMII IIap, IO 3aMMKA€ IEPEHECEHHA TENIOTU
i cIpU4YMHAE NigBUIEHHA TeEMIIEPATYPy CTiHKM.

€AVHOTO NOIIARY AOCIITHUKIB OO IPUINH BU-
HMKHEHHA IPAaHMYHOIO 3HAaY€HHA IIiIBHOCTI TeIIO-
BOTO TIOTOKY ¢, TIEPEBUILEHHS AKOTO MPUSBOJUTH 10
BUHMKHEHHs He0Ge3leYHNX PeXMMIB 3 MOTipLIeHO0
TEeIUIOBifgavero, Ha CboromHi Hemae. Hemae Takox i 3a-
ra/IbHOBU3HAHOI 3aJIEKHOCTI g Bifi PKMMHUX i reoMe-
TPUYHUX NApaMeTpiB TernoobMiny. 3a faHuMu pobir
[9, 10] Benuumna q /pw = 0,6 KJIK/Kr MOXke OyTu Ipuii-
HATA 32 YMOBHY HIDKHIO MeXY BUHMKHEHHSA PeXNMiB
THoripueHoro Termmoo6Miny mip ac mmHy sogy 3 HKII
B IVMJTIHAPUYHMX KaHanax. OfHaK Lieil KpuTepiil He Mae
yHiBepCa/IbHOTO XapaKTepy, OCKI/IbKM OYB OTpUMaHMIT
TNIIE B JOCTaTHbO By3bKOMY [ialla30Hi TEN/IOTiipaBid-
HUX ITapaMeTpiB, AK Ipo Ije CBig4aTh faHi [3], a Takox
iHmMX poOGIT.

Y He4yMCIeHHUX eKCIlepUMeHTax (4, 5] 3 FocmikeH-
Hs IIPOLIeCy TeIIOBifa4i y cTpyokHboBUX 36ipkax TBEJI,
10 OXOIOIKYIOThCA IJIMHOM JIETKOBOZHOTO TEIJIOHOCiA
3 HKII, 3’s1coBano mesiki nomatkosi ¢isnyaHi ocobnmBoc-
Ti BUHMKHEHHSA PeXXMMY IoripiieHoi Termosiggaydi. Tax,
HacaMIIepel, aBTOPY IOBiJOMJIAOTb, WO Lieil peXKUM BU-
HMKA€ MPY MiBULIEHNX PIBHAX ITapaMeTpa q /pw B 1O~
piBHAHHI 3 TpybaMu. 30KpeMa, y po6oTi [4] HaBefeHO
JaHi, 0 XapaKTepU3yITh MeXi peXMMiB MOripIeHoi
TeN/IOBiifjadi B KaHaJli 3 ONNYCKHUM Ta MiIIOMHUM Py-
xoM TemnnoHocis. i excriepumMenTy nposopunucs 3 TB3,
w0 6y1a yrBopeHa 8-rpybuactimu (J12x0,8 Mm) imiTaTo-
pamu TBEJI 3 enexTpoobirpiBom. JlociKeHHA BUKOHA-
HO B YMOBaX TUCKiB 23,6+29,4 MlIla Ta B flianmasoni smiH
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MacoBoi mBuaKocTi 400+4800 kr/(M? - ), TeMIepaTypu
TerIoHoCiA Ha Bxogi 80+320 °C Ta Ha piBHI W[iTBHOCTI
TEIIOBOTO OTOKY, 1[0 csAraB 1,6 MBt/M2. 30kpema, y nmx
eKCIIepUMeHTax OyI0 BU3HA4YeHO, 1110 B Iepepisi KaHay,
Jie CepefiHs TeMIlepaTypa TeIIOHOCIST HaOMDKAETbCS 10
ICeBAOKPUTNYHOI T, Ma/Io Miclie pisKe IiIBUILEHHS TEM-
HepaTypHOro piBHA CTiHKM TerosBoro imiratopa TBEJI,
T06TO TOTipuIeHHs TertoBigaadi. I1ig yac moganpuioro
361/IbIIIEHHS TEMIOBOTO IMOTOKY BifiI3HAYa/I0CA 3MillleH-
H IMiKa TeMIEPATyPU Ha3yCTPid IMOTOKY 3 OFHOYACHUM
itoro 3poctaHHsAM. Y po6oTi [8] 1ii ekciepuMeHTaIbHI
faHi 6y/10 y3arasbHeHO i IpefCcTaBIeHO y BUITIAML eMIIi-
PUYHOI 3a/1EXKHOCTI ITapaMeTpa g /pw Bijl MACOBOI IIBU/I-
KOCTI [/ pi3SHUX Be/IMYMH TUCKY BOFHOTO TENIOHOCIA.
Tunosi npodini posnoginy iHTeHCUBHOCTI TeIIOBiAAYi
B LIMX eKCIIepMMEeHTaX 3a/Ie>KHO Bifl MacOBOI IIBUKOCTI
TEIJIOHOCisl HaBefleHO Ha puC. 2.

qilpw, k/kr
1,3
1,21
11
10+
091
0,8}
07

06 : x -
0 500 1000 1500 pw, kr/(m2c)

Puc. 2. XapakTep sMinu mapamerpa q /pw
3a/Ie)KHO BiJl BeIMYMH MacOBOI MIBUIKOCTI Ta TUCKY:
1 — 23,6 MIla; 2 — 24,6 MIla; 3 — 26,5 MIla; 4 — 29,4 MIIa
(3a marumu [8])

IToxasoBo, o Mif 9ac aHaMi3y pe3ynbTaTiB JOCTiAI-
XKeHb Y po6oTi [8] BUsBIEHO TPy XapaKTepHi 06/1aCTi 3 pi3-
HUM BITJIMBOM MacOBOIT IIBUTKOCTi Ha Me>Ki BUHUKHEHH
peXMMYy MOTipIIeHo] TeIUIOBinadi, [0 peECTPyBaNCA
B IOCTTi/[)KeHi1t MOJIeIbHIIT CTPYOKHBOBI 30ipIi TEmIOBUX
imitaropis TBEJI. Tak, 30kpema, B 06/1acTi Malux Maco-
BuX MBUAKOCTeN (pw < 500 kr/(M? - ¢)) 6y/I0 BUABIEHO
ICTOTHE 3pOCTaHHS MapaMeTpa g /pw B [ialla30Hi 3HaY€Hb
Bix 0,67 mo 1,08 k[l x/kr. [Tpu 36inblieHHi MacoBOi IBKJ-
KOCTi Ta 1 mepexopi o o6macti 500 < pw < 800 kr/(M*-c)
TOCATANOCA 10T0 MaKCHMMaJIbHe 3HaY€HH ], IO ITi/JBUINY-
BajsiocA #o piBHA Aiamasony 1,08-1,2 x[[>x/kr. Hasmaxuy,
HaBITb NIPY Mi[IBUIEHNX PiBHAX MacOBOI IIBUIKOCTI, TO-
60 B o6macti pw > 800 kr/(m? - ¢), criocTepiraacs criitka
TeHJeHI]ifl O 3MEHIIeHH 1IbOT0 IIapaMeTpa. 3araaoM
y IpOBeeHNX aBTOpPaMM €KCIIEPMIMEHTAX Jlialla30H 3Mi-
HI 3HaYeHb iIHTEHCMBHOCTI TEIIOBiITavi BiJIIOBiTaB O~
CTAaTHbO IMPOKOMY iHTepBany — Bif 0,67 fo 1,2 Kk [[>K/KT.

I[TpoTe TeHeHLIT O I1OTO ICTOTHOTO 30i/IbLIIEHHS B €KC-
nepuMeHTanbHiN TB3 y MOpiBHAHHI 3 HWIIHAPUYHNIMU
KaHa/aMM Tak i He 6yno BusBiaeHo. Crif BigsHaYUTH,
1[0 METOAMKA eKCIIePUMEHTIB, 110 i1 6y/10 peanizoBaHO
B po6oTi [8], He fana 3Moru 3scyBaTy Gpi3UUHY IPUPOAY
PeXXMMiB 3 IOTipIIEHOIo TeMIoBiAAadero. [le yneMoXxmn-
BIJIO pO3pOOKY YHiBepCaTbHNX (i3SMIHNX 3a/1eKHOCTEN
IJIS1 afleKBaTHOTO BU3HAYEHHs TPAHWYHUX MEX PeXU-
My noripuieHoi tennosiggadi B TB3. OueBupHo, mo 6e3
LIMX JaHUX peajisalis HaJiflHOrO TeIIOTiipaBaiYHOTO
pospaxyHky Ak3 nerkosopuux P 3 HKII cboropsi He-
MO>X/TMBA.

IIpo6remu TennorigpaBIivHOrO pO3paxyHKy
AKk3 peaxropis 3 HKII

PesynpraTu KoMIroTepHoro mopenoBanHsa TTTI
B po6ounx kananax P 3 HKII, mo 6ynu orpumMasi 3a
OCTaHHi POKM, JO3BOIN/IN 3ICYBaTH AeAKi 0COOMMBOCTI
nepe6iry TI'TI y TB3 uux peakropis. Tak, 30kpeMa, gaHi
VX 00YMCTI0OBA/IPHIX €KCIIEPUMEHTIB 3aCBITYNIIN, 1110
reoMeTpUYHI XxapakTepuctuku TB3 MaroTh icToTHMII
BIUIMB Ha MeXXi BUHMKHEHHA PeXKMMiB MOTipLIeHO] Te-
maoBigmadi. Taki 4yncenbHi HOCTIAXEHHSA y CTPUKHDO-
BUX 36ipKax i3 TPMKYTHOIO Ta KBaJpaTHOIO FeOMeTpisi-
MH PeIliTOK i3 BUKOPUCTaHHAM IOKAHA/IbHOI METOIVIKI
i TpMBUMIpHOTO MOJeI0OBaHHSA OY/I0 BUKOHAHO B PO-
6otax [11, 12]. Tak, y po6orti [11] 3a gomomoro:wo Bifo-
Moro koMmmrotepHoro kogy FLUENT 6yno BukoHaHO
MojienoBaHHA Tennoobminy B TB3 kaHanbpHOTO peax-
topa Tuiry CANDU-X, 0X0n0#>KyBaHOTO IETKOBOHUM
teroHocieM 3 HKII. [In4 sasHadyeHoro Tumy peakropa
TB3 3 XapaKTepHOIO /151 HbOT'O TeOMETPIEI0, a CaMe JJOB-
KIHOIO 5,77 M, TeIJIOOOMiH JOCTifKyBaBCcA BifmoBif-
HO [0 YMOB [liana3oHy pexxuMHux mapamerpis TITI:
IiTBHICTH TEMI0BOTO MOTOKY /10 670 KBT/M?, THCK 7er-
KOBOJIHOTO TeIIOHOCiA mo 25 MIla, MmacoBa IBUAKICTh
TeIIoHocis 1o 860 Kr/(M? - ¢). 3a pe3ynbTaTaMy KOMITI0-
TE€PHOTO MOJENMIOBAHHA BUABJIEHO, 30KPEMA, 1[0 PEXXUM
IIOTipIIEHOTO TeI/IO0OMiHY BUHVKA€E B 0OTACTi BMCOKOI
a3MMyTaJIbHOI HEpPiBHOMIPHOCTI TeMIeparypu 060/10-
Hok TBEJI — BenmumHM napamerpa ATWM. IIpu upomy
MaKCMMajIbHe 3HaUYeHH s TaKOi TeMIIepaTypHOI po36ix-
HOCTI, III0 XapaKTe€PU3YEThCA LM ITapaMeTPOM AT(Pmux,
craHoBmo 306 °C i criocTepiranocs B TeIJIOTigpaBIid-
HUX CTi/IbBHMKAX [eHTPAJIbHOTO PAAY Lji€l CTPYKHbOBOT
36ipku TBEJI. HaBnaku, MiHiMaTbHe 3HaYeHHs 3a3Ha-
YEeHOT0 ITapaMeTpa JOCATaI0CA Y CTiMTbHUKaX 30BHIIIHIX
pagniB TB3. Iloka3oBo, o B IMX YMOBaX MaKCUMajbHa
temrneparypa nosepxsi TBEJI carana 729 °C i npu nbomy
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JocATranacs B 30Hi eHTPa/lIbHOIO PAAY Ha BUCOTI 1,44 M
BiJl BXOZlY B KaHaJl, [ie CEpeHA TeMIIepaTypa TeMIOHOCiA
HabmKamacs o pisas 385 °C. OueBUAHO, 1[0 OTPUMAHA
B IIUX po3paxyHKax Temneparypa TBEJI € HenpumnycTu-
MO BJICOKOIO, IPMYOMY HABIiTh [/11 HOBUX IIepCIeKTUB-
HUX MarepiasiB IXHiX 000/TOHOK.

Y pobori [12] HaBeieHO pe3yIbTaTI KOMIT IOT€PHOTO
MOJIe/TIOBaHHS IIPOLIeCy TeIIO0OMiHY Ta rifpoMexaHiku
pyxy TennoHocia B TB3 i3 kBagpaTHolo pemritkoio TBEJI
(miameTp 8 MM, 1OBXXMHA 4 M), III0 OXOIOXKYETHCS BO-
not 3 HKII. PexxuMHi mapameTpu UX SOCTi[>)KEHb Bif-
IIOBifla/y TemIorifipaBaiYHNM yMoBaM AK3 KUTaMICbKO-
ro peakropa SCWR 3 HKII Ta TennoBoo NOTY>XHICTIO
3020 MBt. O6unciroBanbHi eKCIIepUMEHTH BifjmoBiza-
T TEIIOTi[PAaBIiYHOMY PEXMUMY 3 TAKMMU PiBHAMMU
PeXXMMHUX IapaMeTpiB: TeMIepaTypa BOAM Ha BXOfi/
Buxopi 280/510 °C, macoBa mBuakicts 1540 xr/(m? - ¢,
tuck 25 MIIa. SIx 06’eKT MOJIeTIOBaHH S JOCIi>KYBaB-
CA CTaHZAPTHUI BHYTPIIIHI YOTMPUKYTHUI TEIJIO-
TifpaBlIidHMI CTiITBHUK, AKUII YTBOPEHO MPOCTOPOM
mixxk TBEJI i crinkoro koxyxa TB3. Kpim Toro, fogat-
KOBO MOJI€/IIOBAaBCA 1Ile 1 KYTOBMII TeIIOTiIpaB/IivHNt
CTiNMbHUK. PO3paxyHKM BUKOHYBaIucA BillIOBiTHO O
dbikcoBaHoI MiMbHOCTI TennmoBoro moToxy 600 kBr/m*
B YMOBAaX 3MiHHOTO TeOMETPUYHOTO KPOKY YIAKOBKM
CTPVDKHIB $/d, 1[0 3HaXOAUBCs B AiamasoHi Bix 1,2 1o
1,6. Y 1Mx 06YMCIIOBaIbHNUX eKCIIepYMEeHTaX OyI1o 3’4-
COBaHO, 110 B KYTOBMUX TEIIOTifpaBIiYHIX CTI/IbBHMKAX
PEXMM IOTiplIeHol TeNIOoBiAfa4Yi BUHMKAB caMe B 00-
TacTi ICEBJOKPUTNYHOI TeMIIEpaTypu TennoHociA. Ilpn
IbOMY y BHYTpilHix crinbHukax TB3 pexxum norip-
IIEHOTO TeMI000MiHy BUHMKAB PV 3HAYEHHSX Ieo-
MeTPUYHOTO mapameTpa s/d > 1,4, a TaKOX B fiana3oHi
q./pw = 0,6 x[Ix/Kr. Y 1MX yMOBax MaKcumyMm Koedi-
I[i€HTA TEIIOBila4i JOCATaBCsI B 00/1aCTi IICEBIOKPH-
TUYHOI TeMIIepaTy py TeIIOHOCi, micns Joro QikcyBa-
7I0CA MIOTO pisKe 3MEHIIEHHS, IKe CYIPOBOKYBa/lOCh
piskum 3pocraHHAM Temneparypu ctinku TBEJL Ilo-
Ka30B0, o B cTibHMKaxX MiX TBEJI i cTiHkoI0 KOXKyXa
TB3 pexxuM noripieHoro Tenn1006MiHy BUHIKAB Y 3a-
30pi MIXK CTPIDKHEM i CTiHKOIO, IPUYOMY B TOMY Iepe-
pisi, me TeMIIepaTypa TEeNNOHOCiA focArana KpUTUIHOTO
3HA4Y€HHs, a a3MIMyTaJIbHA HEPIBHOMIPHICTb TEMIIEPATY-
pu crinku cranoBuna 90 °C.

IligBomAYM MifCyMOK FOJTIOBHUX PE€3y/bTaTiB Ha-
BeJIEHUX BUIIIE JOCTi[>)KeHb, IIJ0 3HAYHOI0 MipoIo Biffo-
Opa’kalTh Cy4acHUIl piBeHb 3HaHb y Ternogiznui P
3 HKII, 30kpeMa HassBHUX METOAMYHUX MiAXOAIB 3 IpU-
TaMaHHMMH iM QisaHUMEU 0OMeXXeHHAMN, CITifT Bifj3Ha-
gy Ty: 1) PisMuHMIT MeXaHi3M BUHMKHEHHS Ta PO3BUTKY

pexxumy noripmieHoi Tennosifggadi 3 mosepxHi TBEJI Ha
ChOTOMIHI 3a/IMIIAETHCA HE3 ICOBAHUM; 2) HasIBHI ITifI-
XOAu 10 peanisallii TeIIOriZpaBIivYHOTO pO3paxyHKy
pobounx KaHamiB Ak3, 0COOIMBO B YaCTUHI BU3HAYEH-
Hs TeMmnepaTypu nosepxHi TBEJI, HeoOIpyHTOBaHI;
3) HasBHI PO3PaXyHKOBI MiJXOAU CYTTEBO OOMEXeHi,
OCKiJIbKM BUKOPUCTOBYIOTD JIMIIE eMITipMYHI pO3paxyH-
KOBI 3aJI€’KHOCTI, 1110 BiJIIOBial0Th BUKIIOYHO 00/1acTi
HOPMaJIbHOI TeIIoBifgmadi; 4) ¢isMyHa MOX/IUBICTD
BMHVKHEHH:A PeXMMiB IOTipIIeHoi TelIoBigAadYi 3 mMo-
BepxHi TBEJI HasiBHUMM PO3paXyHKOBMMU METOGVKAMM
TeIIOTifipaB/livHOro po3paxyHKy TB3 He BpaxoByeTbcA.

3 or/nsAy Ha BMINe3asHaYeHi pO3paxyHKOBI 0OMe-
JKeHHA, IPUTAMAHHI Cy4acHUMM MeTOLUYHUM HigX0maM
mo temnorifgpasnivnoi ouinku Ax3 AP 3 HKIIL, ponine-
HO IIPOaHaIi3yBaTy TUIIOBY METOAMKY TAaKMX OOUNCIIEHD
BiIIOBiHO 1O IEPCIEKTUBHOTO POCIICBKOTO peaKTopa
BBOP-CK]l Ta BUKOHATH aHaJi3 OTPMMAHUX aBTOPaAMHI
pesybratiB 3 poboTu [13]. ¥ iboMy HocmifKeHHi B paM-
KaX [TOKaHaJIbHOTO METOAY TEIIOTiAPaBIiYHOTO PO3pa-
XYHKY pO3B’3yBajacs cucTeMa AnudepeHIiiiHuX piBHAHD
36epexxeHHs Macy, IMITy/IbCy Ta eHepril, 1o 6ynu chop-
MOBaHi I/IA e/leMEHTapHUX TEIIOTiJpaB/IiYHUX CTib-
HUKIB, Ha 5IKi po36MBaeThCs monepexoBuit mepepis TB3.
BxigHuMM apaMeTpaMy AJis bOTO PO3PaXyHKY Oyin
reomeTpuyHi xapakrepuctuky TB3 i TBEJI, posmogin
€HeproBUAi/IEHHA 110 JOBXXIHI i pafiiycy, a TAKOXK BUTpa-
TV TeIJIOHOCis1. Y 3a3Ha4eHiit po6oTi 6y/10 BUKOPUCTAHO
IIporpaMy IOKaHaJIbHOTO TEILIOTiIPaBIiYHOTO PO3pa-
xyHKy MI®-CK]I, sxa € mopudikoBaHOIO BepCielo KOfy
MI®, mo 6yB po3pobnennit B Pocii [14] n/is1 BusHadeHHA
HOMIiB MIBUAKOCTI Ta Temneparypu B TB3 3 pinkomeTrarne-
BMM TeIIOHOCieEM. 151 mporpaMa mae 3MOry BUSHAUUTH
TEMIIEPATY Py TeNIOHOCiA B 6y/b-AKill akciambHil Koop-
OVIHATi B KO)KHOMY 3 OCHOBHMX TUIIiB T€IIOTifpaBIid-
HUX CTiIbHMKIB TB3, a TaK0XX 004MCINTY TeMIlepaTypy
o6onmonky TBEJI Ta BU3HAUUTK TeMIlepaTypy 4OXIiB
TB3. IIpu 11boMy BpaXOBY€ETbCA 3a/IEXKHICTD TeTnodi-
3MYHUX BJIACTMBOCTEN TEIIOHOCiA Bifj TeMIIepaTypu IO
moBxuHi TB3, 3SMiHHICTD IBU/IKOCTI TETIOHOCI S, HEPiB-
HOMIPHICTb PO3IOJiTy €eHePTOBULiNEHHA 10 aKCiaTbHil
KOOpAMHATi Ta pagianbHOMy nepepisy TB3. Y peanizosa-
HUX aBTOpaMI [14] 064MC/IeHHAX BUKOPUCTAHO CUCTEMY
3aMMKAIOYMX CIiBBijHOLIEHD, sKi Pi3NUHO OOIPYHTO-
BaHi B IIMKJIi CIIeIlia/TbHUX JOCITiI KEHb.

3okpeMa, /i1 BU3HAYEHH IOTOYHUX 3HAUYeHb KO-
edilieHTa rigpaBrivHOTO ONIOPY B Hei30TepMiYHOMY
PeXMMi 3 ypaXyBaHHAM 3MiH TeIIOQi3NIHUX BIACTH-
BOCTEeN IO JOBXXMHI KaHa/ly BUKOPUCTAHO €MIIipUYHY
3aJIeXXHICTD 3 poboTn [15]
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Y pesynbrati koedinieHTH TemnoBiggadi 3 ToYHi-
¢TI0 = 20 % BM3HAYaMNCh 32 EMIIIPMYHOIO 3a7IeKHICTIO
came poboru [15], sixa 6y/1a 3aporIOHOBaHA aBTOPaMu
Ha OCHOBI 0OPOOKM pe3y/IbTaTiB eKCIIepUMEHTaTbHOTO
nocnimxensaa TTTI y 7-crpmxubosiit TB3 3i cmipanpHO
opebpeHNMU CTPIDKHAMIY 3a TUCKY 24,5 MITa:

0,45 0,2 0,1

2)
Nu=0,021Re% prt7 | P | [RL] [Pr} [, 22 |

pf Min pin x/d3

ne Re rta Pr_— yucna PeitHonppca Ta Ilpanpgmis y Bin-
nosifHOMY mepepisi TB3; p, , p, i p,— miinbHicTh Temmo-
Hocis Ha Bxoxi B TB3, 6ins crinku TBEJI ta B cTibHUKY
BiJIOBi{HO; [, i W= IVHaMIiYHa BA3KICTh TEIIOHOCIA
Ha BXOJi Ta B CTI/IbHUKY; X — T€OMEeTPUYHA BiICTaHb Bifl
B).(onyuno.posan}{HKOBf)ro nepepisy TB3; d_ — rigpas-
JIYHUI JjiaMeTp BiZIIOBiHOTO CTi/IBHMKA.

Crpykryporo nporpamuoro nakera MI®-CK]I me-
penbadeHo Ha KOXKHOMY PO3PaXyHKOBOMY KpOIli KOpy-
TyBaHHSA TeIIO(Qi3NIHNX BTACTUBOCTEN TEIIOHOCIS, LA
goro 6yno Bukopucrano «Cucremy piBHaHb IAPWS-IF97
JU151 00U MCTIEHHS TEPMOJMHAMIYHIX BIACTUBOCTEN BOIM
i BogsaHOI mapm» 3 po6otu [16]. Bepudikanisa uporo mpo-
IPaMHOI0 KOMIIZIEKCY BUKOHYBAJIACh 3a pe3y/bTaTaMI
IBOX Cepil eKcrepyMeHTiB: 1) JOC/ifiB B yMOBaxX I/INHY
Boau 3 HKII y nuningpuynomy KaHati giamerpom 10 MM
Ta JOBXXMHOIO BinnoBifgHO 1 i 4 M, sKi 6y70 BUKOHAHO
Ha crenzii CKJI THII P® @EI [10]; 2) mocninis B ymoBax
IIMHY MofenbHOi pigyan ppeon-12 3 HKII y 7-cTpmx-
HboBIil TB3 3 TenmoBumu imMiTaTropaMy OVUTIHAPUIHUX
TBEJI giameTpoM 9,5 MM, KPOKOM TPUKYTHOI pemIiTKu
11,3 MM i goB>xmHOMW 06irpiy 1000 MM [17]. Ak BuxigHi
reoMeTpUYHI MapaMeTpu Oy/1u BUKOpUCTaHi 0O6paHi po-
3pob6HMKaMu IpoeKTHi xapaktepuctuku Ax3 i TB3 3i
CTBOPIOBAHOrO B Pocii Mi/IOTHOT0 MIBUKOPE30HAHCHOTO
peakropa BBOP-CK]I noryxHictio 1700 MBT, HaBepeHi
B poboTax [18-20].

Y remnorigpasnivHux pospaxynkax AP 3 HKII
B PO3IJIAHYTIN po6oTi [13] mpoaHanizoBaHO [iBi cXxeMu
nupKynanii rennodocis B Ak3: ogHo- i iBo3axigHa. Of-
HO3aXiJiHa CXeMa, 1110 TpafuILilfHO peai3yeThbcA B peak-
TOpOOYAYBaHHi, € TUIIOBOIO SIK [/IsI peaKTOPiB 3 BOLOI0
IiJi TUCKOM, TaK i Iyia Kkunnadoro tuny PY. [IBosaxiz-
Ha CXeMa € MeHUI JOCJIiIXXeHO0I0, OfHaK caMme ii pociii-
CHKMMM PO3POOHMKAMIU BU3HAHO MEPCIIEKTUBHOIO /IS

creopenn: P 3 HKII. Iloka3oBo, 1110 3a BUKOPUCTaHHA
1iei cxemu Kopmyc peakropa Ak3 #innTbCcA Ha ABI po-
604i 30HM — LieHTpaJIbHY i epudepiitny. Y nepudepii-
Hill 9aCTUHU 3IiJICHIOETbCA OIIYCKHUIL PYyX TEMJIOHOCIA,
a B LIEHTpa/bHil YacTuHI — migitiomHuit. IIpn npomy
B HIDKHIiN KaMepi sMilyBaHHA Mae OyTu 3abe3rnedeHo
Iepexiji TeMIepaTypi TEIIOHOCiA 4epes MCeBJOKPUTI Y-
HY 30HY.

3rigHo 3 gaHuMu poboTu [18], mix yac peanisanii ox-
HO3aXi/JHOI CXeMM PO3PaXyHKOBI 3Ha4E€HH s TEMIIEPATypU
TeIIOHOCIs1 Ha Buxofi 3 Ak3 mis pisaux TB3 cyTTeso
BiJIpi3HAIOTbCA BHAC/iJOK HEPiBHOMIPHOTO PO3IOAiNY
iXHBOI IOTY>KHOCTI 0 pafiiycy Ak3. IIpoBefieni B 11iii po-
60Ti 3a HASABHMMU METOAMKAMI PO3PaxXyHKM IIOKa3aln,
IO B IeSIKMX BUIIAZIKaX TeMIIepaTypHi po36i>KHOCTI Ha
Buxopi 3 pisuux TB3 moxyTs csaratu 1000 °C, mo 6y710
BIU3HAHO HENPUIHATHUM. 3 OIJIAAY Ha TaKi pe3yapTaTtu
aBTOPM BBAXXAIOTh 32 HEOOXi/{He peari3ariito JOgaTKOBUX
JOCIIifIKEeHb Ta MOLIYK HOBMX MaTepiaiB /151 060TOHOK
TBEJI. fx imocTpanito Ha puc. 3 HaBe[leHO OTPUMAaHNII
y po6orti [13] po3paxyHKOBMIT pO3IIOfi/ CepeHbOI TeMIIe-
paTypu TemaoHociA 1o Bucorti opHiei 3 TB3. Is nux gannx
BUIUINBAE, IO 3i 301/IbIIIEHHAM BUTPAT TEIUIOHOCIA y ABa
pasy TeMIIepaTypa TeIIOHOCiA Ha Buxofi TB3 3HMXyeTh-
s 1O TEXHIYHO IPUITHATHOTO PiBHA.

IIpoTe 3Ha4YHMIT iHTepeC CTAaHOBIATDH Pe3yNbTaTU
PO3paxyHKYy, IIJ0 HaBefleHi Ha puc. 4 i XapaKTepU3yOTh
MOYK/IMBICTh BUHMKHEHHS PE€XMMIB IMOTipIIeHoi Te-
n1oBigmavi 6e3nocepenHpo B pobounx kaHamax Ak3
MePCIEKTUBHOrO pocilicbkoro peakropa 3 HKII. Mexero
KOHCEPBaTVBHOI OLIiIHKM MOXX/IMBOCTi BUHMKHEHHS pe-
JKMMIB eKCIUTyaTallii 3 MOTipIIeHO0 TEMIOBifavelo B Ll
po6ori 6ym0 06paHO 3HAYEHHA BifHOWIEHHA g /pw = 0,6.
Pazom 3 TuM i3 JlaHNX, HABEJEHUX HA PUCYHKY, BUILINBAE
TOV aKT, 1[0 CYTTEBE 30i/IblIEHHS BUTPAT TEIIOHOCiA
gyepe3 Ak3 (HaBiTb y /1Ba pasu) He 3a106irae BUHMKHEH-
HIO He6a>KaHOTO 3 TOUKY 30y Oe3IeKy peXKUMy IOTip-
IIeHOI TeNIOBiAgayi.

Ax Bifg3HaYeHO BUIle, IEpexXifl 4yepe3 NMCeBIOKPU-
TUYHY TOYKY CYIPOBOKYETHCS Pi3KOI0 3MiHOIO TEIIOo-
(bi3MYHNX B/IaCTMBOCTET IETKOBOTHOTO TEIVIOHOCIA Ta
MOX/IMBYM CYTTE€BMM INOTipII€eHHAM TeNIOBifmadi
3 nosepxHi TBEJI. 3Bakaroun Ha TaKy HETaTUBHY 3MiHYy
YMOB TeII00OMiHY, pO3pOOHUKM BBa>KAIOTh 3a JOL[i/Tb-
He JIOKaJi3yBaTu [lepexifi Yepes NCeBJOKPUTIYHY TOUKY
came B obmacTi HIOKHBOI Kamepu SIP, ne minH Terio-
HOCiA 3MiHIO€ CBill HAIPSAMOK PyXy Ha MPOTVIEXKHUIA.
3 ornAny Ha TaKe T€XHOJOTiYHe pillleHH:A, BUKOHaHI
B poboTi [18] owinku mokasanu, [0 MaKCUMajbHe
CHiBBifIHOLIEHHA NOTYXHOCTel TB3 y 30Hi migjioMHOro
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Puc. 3. XapakTep po3snopiny cepegHboi TeMneparypu
TeIIOHOCIiA 1o BucoTi TB3 3anexHo Bif BUTpAT
TEIIOHOCIs 3a maHumu 18]

= = = [paHuyHa BenuyuHa 0,6
— Gyg3=5,04 krlc
Gg3=10,08 kr/c

Puc. 4. PesynpraTyt HOpiBHAHHA KPUTUYHUX BiJHOLIEHD
TEIIOBUX ITIOTOKIB JJO MaCOBOI IMIBUKOCTI 110 BUCOTiI AK3
[IpY Pi3HMX BUTPATaxX TEIUIOHOCIs 3a JaHuMu [18]

PYXY TEIJIOHOCiA, [ie peali3y€eThCs OTO eperpis NoHas
IICeBJOKPUTUYHY TEMIIEPATYPY, He IepeBUII Y€ 3HAUEH-
HaA 1,67. [HIIMMU cioBaMu, BUABIEeHA BiTHOCHO HeBe-
KA HePiBHOMIPHICTD TeMIlepaTypu Ha BUXOA]i 3 AK3,
NIPUYOMY MaKCUMaJIbHUI piBeHb Li€i TeMmepaTypu
6nuspko 724 °C. Ilpote Ha nepudepii Ax3 B obmacri
OIYCKHOTO PYXy TEI/IOHOCil CIiBBiJHOIIEHHA MaKCH-
MasbHOi TennoBoi notyxHocTi TB3 mo ii MiniManpHOTO
3HA4YEeHHA CyTTEBO HOTipUIYETHCA i JOCATAIIO BEINUNHA
4,17. OgHaK He3Ba’kalo4uy Ha Iie, MaKCUMMaJIbHA TeMIIe-
paTypa TeIUIOHOCisI Ha BUXO/1 3 OIYCKHOI AiMAHKHA 32
pesynbTaTaMM HMiZpaXyHKiB He Ma€ MepeBUIIyBaTH
TeMIeparypHoro piBHA y 604 °C. Takum 4mHOM, Ha
OCHOBI BUKOHAHOTO B po60Ti [18] KOMII'I0TepHOTrO MO-
Ie/MI0BaHHA pO3POOHMKAMY KOHCTPYKLIT IepCIeKTHB-
HOTO pociitcpkoro peakropa BBOP-CK]I [19, 20] 6yno
OOI'PYHTOBAHO TaKi KOHCTPYKTUBHI pilleHH:: abo 3a-
6e3neunty npodinoBaHHA BXiflHOTO HaTpyobKa B KOp-

nyci AP, abo smenmuTy noty>xkHocTi TB3, 1m0 BcTaHOB-
7NeHi B IeHTpanbHil 9acTuHi AK3. Tunosi pesynbpratn
TEM/IOTiJpaB/IivYHOr0 pO3paXyHKY TeMIIEPAaTyYPHUX pe-
XKUMIB 17151 OfHi€l 3 Hall6inbIl eHeproHanpyxenux TB3
y ubomy AP npenmcraBneno na puc. 51 6.

Ha nymky po3po6uukiB SIP, BukoHaHi aBTOpaMu
PO3paxyHKOBIi OLIiHKM CBiZi4aTh, 10 B yMOBaX BUKOPU-
CTaHHA [BO3aXiHOI CXeMU LMPKYIALil 30iMblIeHHS
BUTPAT JeTKOBOJHOTO TemnoHociA Ha 30 % fo3Bonse
HBOCATTU IPUIHATHOI 3 MaTepialo3HaBYOl TOUYKM 30Dy
TeMIepaTypu Ha Buxopi 3 TB3. [nmnmu cioBamu, Tem-
neparypa o6ononox TBEJI e Mae nmepeBumutu fo1y-
CTUMOTO I Cy4YacHUX MaTepianis piBHA. Kpim Toro,
puc. 6 imocTpye, 10 noAibHe 30iTbIIEHHS BUTPAT Te-
IUIOHOCIA €, 3aTaJIOM, JOCTATHIM, 106 3a106ir T BUHUK-
HEHHIO PeXXIMiB IOoripiIeHoi TelIoBigaadi. 3 orany Ha
faHi po6otu [18] MOXXHA CTBEPHKYBAaTH, IO ABO3aXigHa

T°C
800 1

700+

Puc. 5. XapakTep po3nofiny cepegHboi TeMIepaTypu
TeIIoHOCiA 1o BucoTi TB3 3anexHo Bif BUTpAT TeIIOHOCiA
(cyuinbHa nmiHiA — BuTpara 15,7 kr/c,
nyHKTUpHa — 20,9 Kr/c) 3a gaHumu [18]

= = = [paHWU4Ha Benu4uHa 0,6
—— Gyg3=5,04 xr/c
Grg3=10,08 kr/c

g/pw, xJbx/xr

Puc. 6. PesynbraTu NOpiBHAHHA CIiBBiJHOIIEHD TEMIOBUX
IIOTOKiB 10 MacOBOI MBMUAKOCTI IO BUCOTi AK3 B yMOBax
Pi3HUX BUTpAT TEIIOHOCiA (CyLinbHa TiHiA — BUTpaTa
15,7 xr/c, mynktupHa — 20,9 kr/c) 3a faHuMu [18]
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cXeMa UUPKY/IALii TENIOHOCiA 3 TOYKM 30y eKCILTyaTa-
1iiiHOT 6e3IeKy Ma€e CYTTEBI epeBaru mepey ofHO3a-
xigHomw cxeMoro. IIpoTe aBTOpU BOTO pO3PaXyHKOBOTO
IOCTiKeHHS Bi[JITOBiZIHO 10 BUCHOBKIB pO3pOOHMKIB
BBOP-CK]I [19, 20] BBa)kaoTh 3a HeOOXiJjHEe KOHCTATY-
BaTy: HaABHOK B KOHCTPYyKLii 1jboro AP € sHa4Ha He-
PiBHOMIpHICTD po3ofiny TennoBux nory>xxHocreit TB3,
1110 BMMATa€ JOJAaTKOBUX €KCIIepMMEHTA/TbHUX Ta Teope-
TUYHUX TJOCTiIKeHb. O4eBUIHO, IO 1 JOCTIIKEHHS €
HeOOXi[HMMM TaKOX i /11 OOIPYHTYBaHHA CXeMM Tifi-
paBtivyHOro npodinoBaHHd AK3.

BucnoBku

1. IIporecu Termnoo6MiHy Ta rifpoguHaMiky B Ka-
Hamax Ak3 nepcrnexktusHux AP 3 HKII BifsHavaroThCca
BUCOKOIO CKJIaJHICTIO, HEJJOCTATHbHOIO MOCITiI>KEHICTIO
Ta BUCOKOIO IMOBIPHICTIO BUHMKHEHHS B 30HI T0O/IN3y
NICEBJOKPUTUYHOI TEMIIEPATy Py TENIOHOCiA aBapiliHNX
PpeXUMiB IOTipIlIeHO0] TeIIOBigAaui.

2. Qi3sy4Ha IpMPOAA BUHMKHEHHA PEXXMMIB IOTip-
IIEHOI TeIJIOBifa4yi Ha ChOTOMHI 3a/IMIIAETHCA HES SICO-
BaHOI0, A HAAABHI MiIX0A M [0 peanisalii Tenaorigpasiid-
Horo po3paxyHKy P 3 HKII He € gocTatHbO ¢i3naHO
OOI'PYHTOBaHUMIL.

3. 3amporoHoBaHi B esIKMX pob0OTax peKoMeH/ ja-
1ii OZ0 BU3HaY€HH A HYKHbOI JOIMyCTUMOI TpaHNYHOI
MeXi iHTeHCMBHOCTI TerstoBifgmadi Ha moBepxHi TBEJI
TPaHMYHOIO BEMMYMHOI0 iHTErpalbHOTO IapaMeTpa
q/pw Ha piBHi 0,6 KJI>X/KT He MOXYTb BBaXkatucs ¢i-
3MYHO OOI'PyHTOBaHMMIU Ta HajiitHumu s TB3 mep-
crnekTuBHUX fP.

4. 3 ypaxyBaHHAM CK/IIAJHOTO XapaKTepy MIKCTi/b-
HMKOBOTO TemioMacoobMiny B crpykrypi TB3 Ta mokari-
3alii B Hilf OKpeMMX TEIUIOTi[IpaBIiYHNX CTiITPHUKIB 3i
3HVDKEHVMMM PiBHAMY iHTEHCUBHOCTI TEIJIOBiadi CIiff
BBQ)KATH, 1[0 BU3HAYEHH s 00/1aCTi MOTipIIeHOl TerIoBij-
madi B kaHanax Ak3 AP 3 HKII na ocHOBIi HepiBHOCTI
q./pw < 0,6 € CyTTEBO CIIPOIIEHNM.

5. KommnekcHi TennodisnyHi gocmifkeHHs 3 po-
3poOKM HaJilHNX METO/iB BU3HAYeHH s Ge3revaHol 06-
JIaCTi TeNIOBUX HaBaHTaXXeHb 1 B3 cmip posrnamary Ak
byHaMeHTa/IbHY HayKOBY 3a/jaqy, 6e3 BUPillleHHA AKOI
cTBOpeHHA firouoro nporotuny AP 3 HKII crig BBaXxa-
TV HEMOXK/IVIBUM.

6. CucreMHe TernodisnyHe 0OIpyHTYBaHHS CTBO-
PIOBaHOI METOMIOJIOTI TEIIOTifpaBIiYHOIO PO3PaXyHKY
nepcrektrBHux P 3 HKII notpebye peanizanii mmpo-
KOTO (PPOHTY eKCIepUMEHTATbHIX, PO3PaXYHKOBUX Ta
TEOPETUYHNX JOCTiIKEHDb Y paMKaX Mi>KHapOHOI Ha-

YKOBOI CIliBIIpalli, 1[0 CYyTTEBO BifijjaiA€ TEPMiHU CTBO-
PEeHHA [i04MX IPOTOTUIIIB PEAKTOPiB LIbOTO TUILY.

7. OTpuMaHi CBOTO 4acy pi3HMMU aBTOpaMI €Kc-
MepMMEHTAa/IbHI JaHi MiATBEpAXXYIOTh HAsABHICTh PO3-
IJITHYTOI aKTYa/IbHOI TPO6/IeMM 10/10 HeOOXiTHOCTI ra-
paHTOBaHOTO y6esnedeHHs nepcrnekTuBHux P 3 HKII
JIETKOBOJTHOTO TENJIOHOCiA Ta CBijYaTh PO BUCOKUIA
piBeHb HOTeHIiiTHOI Hebe3meky BUHMKHEHHSA B AK3
VX OFHOKOHTYPHUX Pe€aKTOPiB peXXMMiB MOTipHIIeHO]
TeI/IOBiffa4i, HEXTYBaHHA AKMMU MOXe CIPUYMHUTH
aBapii 3 TSHKKMMY HaCTiIKaMIL.
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I. G. Sharaevsky, N. M. Fialko, A. V. Nosovskyi,
L. B. Zimin, T. S. Vlasenko, G. I. Sharaevsky

Institute for Safety Problems of Nuclear Power Plants,
NAS of Ukraine, 12, Lysogirska st., Kyiv, 03028, Ukraine

Problem Issues of Cores Thermal-Hydraulic
Calculation for Prospective Water-Cooled Reactors
with Supercritical Parameters

The fundamental thermophysical features of the heat
exchange process between the heated wall of a vertical
channel and the light-water coolant of supercritical
parameters concerning the conditions of heat-generating
assemblies channels and cores of perspective energy
nuclear reactors are considered. The available methods and
recommendations for determining the limits of thermal
load are analyzed. It is a guarantee the absence of the
characteristic dangerous mode possibility of deteriorated
heat exchange in these conditions and corresponding
sharp rise in the channels wall temperature, which
threatens their destruction. The physical nature of the
occurrence of degraded heat transfer regimes remains
unclear, and the existing approaches to the implementation
of thermohydraulic calculation in such conditions are not
sufficiently justified. The complex nature of intercellular
heat and mass transfer in the fuel assembly and the
presence of individual thermohydraulic cells with reduced
levels of heat transfer intensity indicate that the existing
method of determining the area of degraded heat transfer
in the reactor core channels with supercritical parameters
of the coolant is significantly simplified. Insufficient data
and research results have been revealed to create adequate
methods of heat-hydraulic calculation, suitable for taking
into account the peculiarities of the heat transfer process
complex flow under conditions of supercritical parameters
of the coolant. The application of such methods should be
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the basis for ensuring the safe operation of prospective
reactors and minimizing potential losses of a different
nature from accidents caused by the destruction of cores
through unacceptable heat transfer modes. To this end,
the main direction of further research is identified. 9.

of degraded heat transfer during supercritical pressure wa-
ter flow in channels with rod bundles]. Yaderna enerhetyka
ta dovkillia [Nuclear power and the environment], vol. 7,
no. 1, pp. 26-32. (in Russ.)

Grabezhnaya V. A., Kirillov P. L. (2006). [Heat transfer
at supercritical pressures and the limits of heat transfer
degradation]. Teploenergetika [Heat power engineering],
vol. 4, pp. 46-51. (in Russ.)

Kirillov P. L., Lozhkin V. V., Smirnov A. M. (2003). The

Keywords: light-water nuclear reactor, supercritical
parameters, fuel assembly, deteriorated heat exchange,
channel wall temperature, heat load. 10.
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Bubip onTuManbHNX YMOB OPOMiHEHHS 3pa3KiB
y MaTepialo3HaBYOMY KaHali AfepHOro peakropa BBP-M

Knrouosi cnosa:

TOCTITHUIIBKII ANEPHNUI PEaKTOP
BBP-M,

aKTUBHA 30HA,

MaTepiaJloO3HaBYMII KaHAJ,
IIi/IbHICTh IOTOKY HEMTPOHIB,
TBeI,

TEIUIOBU/iIbHA 36ipKa.

ITpencTaBneHO METOHOJOTII0 BIOOPY ONTMMAIbHUX YMOB OIIPOMiHEHHS 3pasKiB y Ma-
Tepia/Io3HaBUOMY KaHa/Ii NOCIIFHMIBKOrO sifepHOro peakropa BBP-M. Pospsasanms
TAKOTO 3aBIAHHSI € HEOOXIIHMM [I/Is1 00T PYyHTYBaHH MOX/IMBOCTI IIPOBEEHHSI OIIPOMi-
HEHHA 3pa3KiB y MaTepia/l03HaBYOMY KaHaJli 3a 3a/laHNX YMOB OIIPOMiHEHHA. Y LIbOMY
BUIIAJKY YMOBM) OIIPOMiHEeHHA Iepefi0ayaloTh He Ti/IbKY 3HaYeHH A BUCOTHOTO PO3IOiITy
LIiTPHOCTI HEMITPOHHOTO IIOTOKY, @ TAKOX i CIIEKTP HEMTPOHIB, i TeMIIEpaTypy 3pasKa
B Marepia/osHaBIOMy KaHasi. Takuit miaxig ontumisye po6ory BBP-M musixom posra-
IIYBaHHA B MaTepialo3HaBYOMY KaHaJli MaKCMMaIbHO MOXK/IMBO] KiZIbKOCTi 3pa3KiB [/
ompowminenHs. Takox onrumisaris poboru BBP-M nossirae y Bu6opi micust posraunry-
BaHHA JOCIHOTO KaHa/ly B aKTKBHiN 30HI BBP-M, fie mpoTArom 3annaHOBaHOTO 9acy
onpoMiHeHH: 6yfie ZOCATHYTO MaKCMMAaJIbHY ILiIBHICTD HOTOKY IIBUAKMX HETPOHIB
a60 HENTPOHIB iHIINX €HePTiil 3a/Ie)XHO Bijj IOCTABNIEHOTO 3aBAAHHSL. /I JOCTiKeHb
3aCTOCOBAHO HEMTPOHHO-(Di3NYHY MOJie/b JOCTiFHUIIBKOTO AfepHOro peakTopa BBP-M
y pospaxynkoBomy kofii SCALE. KopekTHicTb BU3HaueHHA HeMTPOHHO-(i3NYHUX Xa-
PaKTepUCTUK y MaTepiasosHaBIOMY KaHati BBP-M minTBepyi>keHo pe3ynbraTaMy Balijja-
1Iii, TpOBeEeHOI Ha IIONEPEIHbOMY €Talli JOCTigKeHb. [lokasano, mo g 3a0e3Me4eHHA
HeoOXi/fHOI TOYHOCT] BU3HAYeHH MapaMeTpiB HeITPOHHOIO NOTOKY B MaTepia/llo3HaB-
4OMY KaHajll HeoOXifHO 060B’sI3KOBO BPaXOBYBATV BUTOPAHHSI [TA/INBA, @ TAKOX Pealb-
HY CXeMy IlepecTaHOBKY TeIUIOBMUAIIbHUX 30ipOK 10 aKTUBHIN 30Hi BBP-M i pisanx
MaMMBHUX 3aBaHTa)keHb. HaBenieHO pe3ynbTaTy pO3paxyHKiB Ba>X/IMBUX HEMTPOHHO-
(disMYHNX XapaKTepUCTUK MOfeNi AfepHOro peakropa BBP-M mia manmBHOro 3aBaH-
Ta)XKeHHS, sIKe eKCIUTyaTyeTbCA CbOTOJHI, Ha OCHOBI AKMX MOXKHA ONTMMIi3yBaTu BUOIp
MICIIA pO3TalllyBaHHSA MaTepia/lo3HaBYOTrO KaHa/ly B aKTUBHil 30Hi BBP-M.

Beryn

KOPEKTHOCTi BUSHAY€HH s HEITPOHHO-Pi3NUHIX XapaKTe-
puctuk (HOX) y mocniganx xkananax BBP-M € pesynbrartu

Y cTarTi HaBeEHO OCHOBHI Pe3y/IbTaTH 3aCTOCYBaH-
Hs1 METOZIO/IOTiT BUOOPY ONTMMA/IbHIX YMOB OIIPOMiHEH-
Hs 3pas3KiB y MaTepia/lo3HaBUOMY KaHali JOCTiJHUIIBKOTO
ApepHoro peakropa BBP-M. [lj14 fociifkeHb 3aCTOCOBAHO
HENTPOHHO-(Di3NYHy MOJe/Nb AfiepHOro peakropa BBP-M
y pospaxynkoomy kofi SCALE [1]. ITinTBepmxeHHAM

BasTifjanii HeifTpoHHO-pisnyHMX Mopieneit BBP-M Ta ycTa-
HOBKY SF-9 [2, 3]. [TocmimykeHHs TPOBeieHO /15 BU3HAYEH-
HA ONTVMAJIBHOTO MiCIIAl pO3TalllyBaHHA JOC/TITHOIO KaHa-
JTy B aKTUBHil 30Hi BBP-M p1/151 3a6esnedeHH s HeoOXifHMX
YMOB OIIPOMiHEHHS 3pa3KiB IOJO CIIEKTpa Ta LiTbHOCTI
IIOTOKY HEMTPOHIB y MaTepialo3HABYOMY KaHaJIi.
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Jlna mopenoBaHHA 6yn10 06paHO BCi ManuBHi 3a-
BaHTa)XeHHA 3 MOMEHTY IIOYaTKy BUKOPVUCTAHHS TEIIO-
BupinbHux 36ipok (TB3) 3i 36aravenusam o U 19,7 %.
Kinpkicte TB3 mocrynoso s6inbmysanacsa Bipg 72 TB3
y HaJIMBHOMY 3aBaHTa)keHHI Ne 396 (puc. 1) go 129 TB3
y Da/JIMBHOMY 3aBaHTa>kKeHHi N 402.

TB3 peaxropa BBP-M cknapfaerbcs i3 Tpbox Tpy6Oua-
TUX TBEJIiB: Ba BHYTPIilIHiX — Ki/bl€Bi, 30BHIIIHIi —
mectTurpanumii (puc. 2). Bucora manusHoi yactuau TB3
50 cm.

Ilig yac MmomenOBaHHSA ITaAMBHUX KaMITaHii BBP-M
kokHa TB3 posbusanacs Ha 5 piBHIB 3a BUCOTOIO (BU-
coTa ofHOTO piBHA 10 CM) A/1 pO3PAXYHKY BUCOTHOTO

bepunicauit

Kpok =3,5cm

58,6 cm
D93,6 cm

Bepuniesuit
BigOuBay

Puc. 1. Mopenb y koni SCALE. 3aBanTakeHH:s Ne 396.
Ilepepis Ha piBHI cepe[HU NTaJIMBHOTO CTOBIIA

Kpok =3.5

Puc. 2. Mogenp TB3 y xoni SCALE

BUTOpAHHS Ta BUBeAEHH iHpOopMalii mpo BaXkInBi s
HOfJa/IbIIOTO aHATI3Y MapaMeTpy Hell TPOHHO-isn4HO]
Mopieni. PesynpTaTu MopfenoBaHHA PENCTAaBIEHO 1A
TPbOX pi3HUX KOHpIrypariit:

koHirypauis Ne 1 — susnadenns HOX BBP-M nis
Ma/INBHOTO 3aBaHTa>keHH Ne 402;

KoHOirypania Ne 2 — BusHauenns HOX BBP-M
3 JOCMIITHMM KaHaJIOM, PO3TAIIOBAHMM 3a Pe3y/IbTaTaMu
ananizy HOX koHdirypamii Ne 1;

koHirypauis Ne 3 — Busnauenns HOX BBP-M
3 JOCMIITHMM KaHaJIOM, PO3TAIIOBAHMM 3a Pe3y/IbTaTaMu
ananisy HOX kondiryparnii Ne 11 2.

Kondirypanisa Ne 1

Ha puc. 3 npencraBneHo KapTorpamy MajJlMBHOIO
3aBaHTaXeHHA Ne 402 BBP-M, a TakoXX pO3TallyBaHHSA
OpTaHiB perylTOBaHHA CUCTEMM YIPaBIiHHA Ta 3aXM1-
cty (OP CY3). 3nauenHs 4ncia B KOxHil komipui TB3
BM3Ha4Ya€ HoMep nmanusHOI KamnaHii TB3. Tak, uncmo 1
y koMipui Bigmosifae tTum TB3, mo 6y 3aBaHTaXKeHi
OCTaHHIMM.

ITpoTsirom 3aBaHTakeHb Ne 396-402 6yno 3aBaH-
taxxeHo 129 TB3, mo Bignosinae maci ypany 27,31 kr.
VY pesynbraTi BUTOpaHHA Ha ITOYaTOK MaJIMBHOIO 3aBaH-
taxkxeHHA Ne 402 sanmmmmntocs 26,71 kr (Tabnuiis).

@ Kammnania TB3 OP CY3
O Bepuniit

Kanan i3
Hocnigamit POMAIIIKOI0

KaHan

Puc. 3. KapTorpama nanusHoro 3aBaHTakeHHA Ne 402 BBP-M
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3MmiHa KiTbKOCTi ypaHy
NMPOTATOM NaTMBHUX KaMNaHii Ne 396—402

Sanumunocs
[3oTOMI 3aBaHTa)XeHO, KT
KT %
B5U 5,38 5,09 94,56
28U 21,93 21,62 98,60
BIU+38U 27,31 26,71 97,81

Ha puc. 4-6 npezncraBneHo BigHOCHI KinbkocTi 2°U,
#%UJ Ta ypaHy BiJIOBijHO, IO 3a/IMIIVINCA B KOXKHIil
TB3 BigHOCHO [0 TOYaTKOBOI KOHIIEHTpallii Ha piBHI ce-
penuun TB3 (06mactp Bucotomwo 10 cM) [i/is1 TanMBHOTO
3aBaHTaXeHHsA Ne 402,

PosrnsanyTo nBa nonoxxennsa OP CY3.

Ionoxennsa 1: 1A3, 2A3, 3A3, IIP — y BepxHbOoMy
nonoxxenHi; 2PP, 2PP, AP — 50 %; 1PP, 1PP — y Hmk-
HBOMY IIO/IO>X€HHI.

Ionoxxenns 2: 1A3, 2A3, 3A3, 2PP, 2PP — y Bepx-
HboMY nonoxenHi; AP — 50 %; 1PP, 1PP, IIP — y Humx-
HBOMY IIO/IO>XEHHI.

HIinpHICTh MOTOKY IIBUAKNX HENTPoHIB 3 E > 0,4 MeB
npu nonoxkenHi OP CY3 Ne 1 i Tenosiit moTy>XHOCTI
BBP-M 0,57 MBT Ha piBHi cepefiHM aKTMBHOI 30HU
IpeACTaBlIeHO Ha puc. 7, a npu nonoxenHi OP CY3
Ne 2 — Ha puc. 8.

TB3 i
@ sammox U, % OPCYy3 .
Kanarn i3
Hocninamit POMAIIIKOIO

O bepuniit

Puc. 4. Maca #°U (%), 10 3anuIImaacs Bijf I0O4aTKOBOI Macy
Ha majiuBHe 3aBaHTa)keHH Ne 402 BBP-M

KaHan

IIpoBeneHoO MOpiBHAHHSA IiTPHOCTI HOTOKY IIBUIKUX
HeiiTpoHiB (E > 0,4 MeB) y marepianosHaBuoMy KaHai
IUIs1 MOJIeTIelt 3 ypaXyBaHHAM BUTOpPaHHA 1 6e3 (puc. 9).

TB3 i
@ sammok 2*U, %

Hocnigunit
KaHas

OP CY3

O bepuniit @

Puc. 5. Maca 28U (%), 110 3ajmmmnIacs Biff T04aTKOBOI Macu
Ha IMajnBHe 3aBaHTaXeHHA Ne 402 BBP-M

Kanan i3
PpOMaIKo0

KaHall

TB3 i
[ ] samumok U, % @ OP CV3 .
Kanan i3
Jocniaanit PpOMaIIIKOIO

O Bepuniit

Puc. 6. Maca ypany (%), 1o sanuumacs Bifi 1o4aTKoBo1
Macu Ha ajuBHe 3aBaHTa)keHHA Ne 402 BBP-M
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—®— I3 Buropaunam (OP CY3 Ne 1)
—— Tycruna UO, = 85,5 % (k‘_¢ = k@ npu Buropassi) (OP CY3 Ne 1)
I3 Buropannsam (OP CY3 Ne 2)

47,5 L
b

\\.-

Bucora, cm

27,5 N
25 \ il
)
/

25 _—

5E+11 1E+12 1,5E+12 2E+12 2,5E+12

1IlinbHICTh TOTOKY HEITPOHIB, HeirTp/(cM*c)

Puc. 9. lllinbHiCTh NOTOKY WIBUAKUX HENTPOHIB
(E > 0,4 MeB) y marepiano3HaB4OMYy KaHai
3a KoHirypanii akTuBHOI 30HM Ne 1

@ TB3 i noTix @ OP CY3 —
@ ﬁlf,f:ﬂ“r’f(ﬂm O Bepuniit povator Y mogeni 6e3 ypaxyBaHHs BUTOpaHHS T'YCTMHA MTa/lTNBa
nifbupanacs Tax, mob sabesnednTy 3Ha4YeHHS ePeKTUB-
Puc. 7. lllinpHICTh MOTOKY IIBUAKUX HEITPOHIB HOTO KoecbiuieHTa PO3MHOXXEHH I HEIITPOHiB ke(b piBHUM
npu nonoxxeHHi OP CY3 Ne 1 ke oY Mogesi 3 Buropanusam. s Mopeni 6e3 BUTOpaHHs
(10% 1 - M- ) ryctura UO, cranoBuma 85,5% Bifl 3HaY€HHA CBiXO-

TO IajNBa, P IIbOMY, K Oy/I0 3a3HaYeHO B TaONMIi,
IJ1A MOJeNTi 3 BUTOpaHHAM ypaHy 3anuimunoca 97,8 %
BiJl TOYAaTKOBOTrO 3HaYeHH . MaKcuManbHe BigXumIeHHs
B IIi/IBHOCTi HEITPOHHOTO TIOTOKY MiXX MOZE/AMM CTa-
HOBUIO 10 4 %.

Kondirypanisa Ne 2

Micue posTamyBaHHA HOCHiTHOTO KaHAaly B aK-
TUBHII 30Hi BBP-M Br3Ha4eHO 3a pe3y/IbTaTaMy aHaJli-
3y HOX xoudirypanii Ne 1. [To6ygoBaHO MOenb HOBOI
KoHirypauii aktuBHOI 30K BBP-M i3 posTainyBaHHAM
MaTepiaJl03HaBYOrO KaHa/ly B aKTUBHilT 30Hi BBP-M 3a-
mictb ogHiel TB3. IIpoBegeHo gocmif>keHHA OfI0 BA-
3HaY€HH IIiTbHOCTI NOTOKY MIBUKUX HENTPOHIB 1A
koHpirypamii Ne 2 (puc. 101 11).

IIpoBeneHo MOPiBHAHHA LIiTBHOCTI IOTOKY IUBUJ-
kux HelTpoHis (E > 0,4 MeB) y maTepiano3sHaBdomMy
KaHasli A MOJenell 3 ypaxXyBaHHsAM BUTOPaHHS i 6e3
@ TB3 i noix @ OPCY3 @ Kanar ia (puc. 12). Y mopeni 6e3 ypaxyBaHHA BUTOPAHHA TYCTH-

Tocnigmuit povamxoo  HY TIQ/IMBa TiOMpPany TaK, mo6 3abe3neunTy 3HaYeHH

Kana1 otk O bepunii edexTrBHOrO KoediljieHTa pO3MHOXEHH I piBHIM MOfe-
i 3 BuropanuaMm. s moperni 6e3 BUrOpaHHsA T'yCTUHA

Puc. 8. IlinpHiCTh NOTOKY IIBUAKUX HETPOHIB UO2 ctaHoBmIa 85,5 % BiJl 3HaUeHHS CBI>KOTO IMaaNBa.
npy nonoxxeHHi OP CY3 Ne 2 BigxuneHHA B IiTBHOCTI HENTPOHHOTO MOTOKY MiXK MO-
(102 m-cm2-ct) JIeAMU CTaHOBUIO A0 3 %.
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—®— I3 Buro] pauram (OP CY3 Ne 1)
—®— Tycruna UO, = 85,5 % (l(e(1> = k«b npu Buropausi) (OP CY3 Ne 1)
13 BuT OpaHHAM (OP CY3 Ne 2)
47,5 i
25 S~
A =

375 \\
32,5 Ree
8275 \

]
E 22,5 v
17,5 /
12,5 —
=
7.5 /__/
25 — |
4E+12 5E+12 6E+12 7E+12 SE+12 9E+12 1E+13 1,IE+13

IinbHiCTh MOTOKY HEMTPOHiB, HelTp/(cM*c)

Puc. 12. llinpHicTh mBuAKux HeiiTpoHis (E > 0,4 MeB)
y MaTepiaZlo3HaBYOMY KaHai
3a KOH}irypaiii akTuBHOI 30HM Ne 2

Kondirypamisa Ne 3
Hocnigamit O 1 1 1 i 1
Hoerigmit Bona Kasan is . Hocmigaun Ka‘Han 6y'1? 3MILEHNI Ha OfHY KOMlpry
POMAIIKOIO BifIHOCHO 10 KOHiryparii Ne 2. [ToTokM MIBUAKKX Hell-
TPOHiB IIpeficTaBIeHO Ha puc. 13 i 14.

CraHpapTHe BiiXVJIEHHS BU3HAYeHHS IIiTbHOCTI

Puc. 10. IIinbHiCTh NOTOKY WIBUAKUX HENTPOHIB N .
IIOTOKY IIBUJAKNUX HEMTPOHIB Y PO3paxyHKax He Iepe-

3a KOH}irypauii Ne 2 ak TMBHOI 30HU 0
ta nonoxxenua OP CY3 Ne 1 (102 1 - cm?- ¢) Buitysano 0,35 %.

TocmigHumit O Boa Tocmimrmit O Bo
A . : v . aa .
KaHaJI 1 TOTIK Kanan i3 KaHaJI 1 IOTIK Kanan i3
POMaAIIKOI0 pOMaH_IKO}O

Puc. 11. IITinbHiCTh NOTOKY MIBMAKKUX HEMTPOHIB Puc. 13. HlinbHICTh MOTOKY IIBUKUX HEMTPOHIB
3a KOH(¢irypauiil akTuBHOI 30HM N 2 3a KOHQirypanii akTuBHOI 30HU Ne 3
Ta nonoxxeHHss OP CY3 Ne 2 (102 u - cm2 - ¢) Ta nonoxxeHHss OP CY3 Ne 2 (102 u - cm2 - ¢)
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—o— I3 Buropaunam (OP CY3 Ne 1)

475 —

425 f—

375 \

e

5325
E 275 \.\
g 25
=175

12,5 ,-/

7.5 /e/

25 o—1

4E+12 6E+12 8E+12 1E+13

IIlinbHiCTh TOTOKY HeNTPOHIB, HeiTp/(cM*C)

Puc. 14. MinpuicTs mBuakux HeiiTpouis (E > 0,4 MeB)
y MaTepiasio3HaBYOMY KaHasi 3a KOH}iryparii akTuBHOI
30HM Ne 3 Ta monoxxenHa OP CY3 Ne 2

TaxuM YnHOM, IPOBEJeH] JOCTiI>KeHH A Jal0Th 3MO-
I'y BUSHaYUTH MicClle pO3TalllyBaHHs MaTepiallo3HaBYOTO
KaHaJy B aKTUBHIl 30Hi BBP-M 1141 focArHeHHA Hallon-
TMMaJbHIIINX YMOB OIIPOMiHEHHA 3pas3KiB. Y pe3y/nbTari
IPOBefIeHNX AOCTi/KeHb 00paHO KoHpirypario Ne 2,
AKa 3abe3evyye B MaTepia/lo3HaBUOMY KaHajIi Hailbinb-
1Ty Ii/IbHICTh MOTOKY IIBUIKMX HENITPOHIB.

BucHoBkmu

[ BU3HaUYeHHSA HEMTPOHHO-(PI3MYHNX XapaKTe-
PUCTHK Y MaTepiaTO3HaBYOMY KaHaJli, pO3TallOBaHO-
MY B aKTUBHill 30Hi BBP-M, 3acTocoBaHO HEIITPOHHO-
¢ismuny mogens BBP-M y pospaxynkosomy kopii SCALE.
ITpoBeneni po3paxyHKOBI JOCTiZ>KEHH IaI0Th 3MOTY BJ-
3HAYUTH ONTVMAJIbHE MiCIje PO3TalllyBaHHA JOCTiTHOTO
KaHaJ/ly B aKTHBHiil 30Hi BBP-M, 1m0 no3Bomnse MiHiMi3y-
BaTy Yac OIPOMiHEHHA [/IA NOCATHEHHA 3a[JaHNX YMOB
ONIpOMiHEHHA 3pa3KiB. [/ TpUBaIuX 3a 4acOM IepiofiB
OIpOMiHEHHA 3pa3KiB IPOBEJIEHO NOCTIJ>)KEHH 3MiHU
KOHiryparii HeITpPOHHOTO IOTOKY 3a IepeMimteHHsA OP
CY3, po3mileHnx no6mm3y Micijs po3ralyBaHHs MaTe-
piaZlo3HaBYOro KaHasy. Y MOZe/i BpaXOBaHO ieTalbHe
HaBaHTaXeHHsA BBP-M mif yac po60Tu 3 moyarky ekc-
mryatanii TB3 3i s6aravennam 19,7 %. Pesynbratn fo-
CITiJKeHb MPe/ICTAaBIEHO /I MaTMBHOTO 3aBAaHTA)KEHH
Ne 402, ake ekcrryaTyeTbces 3 modatky 2020 p.

HapepeHO pesynbTaTy BU3HAaYeHHSA HEMTPOHHO-
¢isnunux xapakrepuctuk y kogi SCALE, mo o6rpys-
TOBYIOTh ONTMMajbHE MicClle pO3TallyBaHHS MaTe-
piallo3HAaBYOro KaHaly B aKTUBHIiN 30HI BBP-M pna
MIPOBEeMIeHHS ONPOMiHEHH 3pa3KiB.
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Choosing the Optimal Conditions for Irradiation
of Specimens in the Material Testing Channel
of the VVR-M Nuclear Reactor

The methodology for choosing the optimal condi-
tions for irradiation of specimens in the material testing
channel of the VVR-M research nuclear reactor is pre-
sented in the article. The solution to such a problem is
necessary to justify the possibility of irradiation of speci-
mens in the material testing channel under given irradi-
ation conditions. In this case, the irradiation conditions
include not only the height distribution of the neutron
flux density, but also the spectrum of neutrons and the
temperature of the specimen in the material testing chan-
nel. This approach optimizes the work of VVR-M reactor
by placing the maximum possible number of specimens
in the material testing channel for irradiation. Also, the
optimization of the VVR-M operation involves choosing
the location of the research channel in the VVR-M core,
where, during the planned irradiation time, the maxi-
mum flux density of fast neutrons or neutrons of other
energies will be reached, depending on the task.

The neutron-physical model of the research nucle-
ar reactor VVR-M in the calculation code SCALE was
used for research. The reliability in the determination of
neutron-physical characteristics in the VVR-M material
testing channel is confirmed by the results of valida-
tion carried out at the previous stage of research. It is
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shown that in order to ensure the necessary accuracy in
the determination of the neutron flux parameters in the
material testing channel, it is necessary to take into ac-
count the fuel burnup, as well as the actual scheme of fuel
assemblies rearranging in the VVR-M core for various
fuel loads.

The results of calculations of important neutron-
physical characteristics of the model of a VVR-M nu-
clear reactor for fuel loading, which is in operation to-
day, on the basis of which it is possible to optimize the
choice of the location of the material testing channel in
the VVR-M core are presented in the article.

Keywords: VVR-M research nuclear reactor, reactor core,
material testing channel, neutron flux density, fuel element,
fuel assembly.
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AHani3 TepMOHAIIPY>KEHOTO CTaHY eleMeHTiB ¢IaHIeBUX 3'€THAHD
TeIIO0OMiHHUKIB aBapillHOTO PO3XOIOMKyBaHHS MiJE 4ac
aBapifiHMUX cuTyali peakTopHOi ycranHoBK1 BBEP-1000

Kmiouosi cnosa: Y xopi pobir 3 OLjiHKM CTaTMIHOL MIITHOCTI eneMeHTiB draHIeBux 3enHanb [Ju2130 ta
TEIIOOOMIHHIIK aBapilfHOro 12080 TermoobmiHHNUKIB aBapiitHoro posxonomxysanis (TOAP) 08.8111.335 CB ycra-
PO3XONOIKYBaHHA, HOBJIEHO, 1[0 iCHY€ IepeBUIIeHHs JONMYCTVMMX 3Ha4eHb Hanpy>keHb. Lli pospaxyHkn
TE€PMOHAIIPY>KEHMIA CTaH, CTaTMYHOI MIITHOCTI BUKOHAHO 3a JOIIOMOrOI0 MeTofly ckiHdeHHUX eneMmeHTiB (MCE).
PO3paxyHKOBe OOIPYHTyBaHHS AmHaris cTaTHYHOI MII{HOCTI (TaHIIEBNX 3€IHAHD IPOBOAMBCS 3 YPaXyBAHHAM IPOEKT-
6e3nevHoi €KCIUTyaTalii, HIX 3Ha4EHb 3aTATY IINNUIbOK, 10 TOPiBHIOTL 22 527 Ta 8 836 Krc BifNOBigHO. Y TOI
¢bmanuesi 3’egHaHHSA. Ke Jac OfHUM 3 OCHOBHMX IIpu3HadeHb TOAP peaxTopHoi ycranosku (PY) BBEP-1000

€ pobora mix gac aBapiitHux curyauiit (AC). Ananis AC PY BBEP-1000 mokasas, 110
Hail6i/1b1i 3HaUeHH s 3MiHM apaMeTpiB pobounx cepeposuiy TOAP Bifnosigaors AC
«Pe>xxum Benmukoi Tedi: JJBocToponHiit pospus I'IIT». Buxopsum 3 1poro, posrisaganm
TepMOHAIIPY>KeHMII CTaH TeIUIO0OMiHHUKIB caMe fyi tiei AC. [l BU3HaYeHHA TepMO-
Hanpy>keHoro ctany enemeHTiB TOAP mig yac AC PY BuKoHyBanyu po3paxyHKM Mill-
HOCTIi B HeCTalli0HAPHil ToCTaHOBLI 3aBAaHH:A. OTHI€0 3 TPaHNYHNX YMOB /151 IIUX PO-
3paxyHKiB MilJHOCTi € pO3IIOZi/I TeMIIepaTyp IO TOBLIVHI Ta JOBXKMHI CTIHOK €JIeMEHTiB
TemooOMiHHMKA, 1[0 3MIHIOETHCS B Yaci. [/ BUSHAYEHHS JAHUX IPAHNYHUX YMOB BI-
KOHYBAJ/IVICA YNC/IOBi TEIIOTiipaB/livHi po3paxyHKN. ABTOpaMM CTaTTi BIepIle OTpu-
MaHO pe3y/IbTaTy PO3PaXyHKiB TEPMOHAINIPYKEHOTO CTaHy OKpeMux eneMeHTiB TOAP
mst pobotu mig vac AC PY. YcraHOBIEHO, 1110 e/1eMeHTH (iaH1ieBOro 3eqHanHs JH2130
€ opHuMM 3 Hanbinbm KputudHux enemeHTiB TOAP. [l BUSHaYeHHs TepMOHAIPY-
JKE€HOTO CTaHy €lIeMEHTIB TEIUIOOOMIHHMKIB BMKOHAHO aHAJITUMYHI TEIJIOBi, YMC/IOBi
TeIUIOTifpaB/IiuHi Ta MiITHiCHI po3paxyHKu 3a gonomoroo MCE. ¥ pesynbrari aHamisy
BIKOHAHVX PO3PAXYHKIB MIiITHOCTi 3p06/I€HO BUCHOBOK IIPO HEOOXifHICTh SHIKEHHS
3Ha4YeHHA 3aTATY MWIIIbOK (JIaHIIEBOTO 3emuanna [Tu2130 go 14 600 Krc /19 BUKOHAH-
Hs1 yMOB 6esmeuHoi ekcrnyatanii TOAP mig wac AC PY BBEP-1000.

Beryn B YMOBaX HOPMaJ/IbHO{ eKCITyaTalii. AHami3 BUKIafe-
HUX y poOOTi pe3ynbTaTiB IOKa3as, IO B eIeMEHTaX

Y po6ori [1] Brepiiie posrisiHyTO TepMOHANpPYy>Ke-  (raHueBux 3egHanb [JH2130 ta [JTH2080 € mepeBuiieH-
HUI CTaH TeIVIOOOMIHHUKIB aBapiliHOrO PO3XO/MOMXKY-  Hs JOIYCTUMMMX 3HaYeHb HALIPY>KeHb. Y TOII Xe Jac CIIif
BaHHA (TOAP) peakropnoi ycranoBku BBEP-1000 BigsHaumty, mo B po6OTi po3risAjanacs cTaTuyHa I1o-

© T. B. IInporos, O.B. Koponbos, 2020
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CTAaHOBKA 3aBJJaHHS 3 BUKOPUCTAHHAM ITACIOPTHNUX PO3-
PaxXyHKOBUX IIapaMeTpiB cepeOBNIL Te/IO0OMiHHMKIB,
AKi € MaKCUMaIbHMMM IXHBOI 6€3I1eYHOI eKCIITyaTalii.

OpuuMm 3 ocHoBHMX npu3HadeHb TOAP e aBapiitne
OXOJIOZKYBAaHHS aKTMBHOI 30HM peakTopa Ta TpuBa-
7ie BiiBeJeHHA BiJ Hei 3aMMINIKOBUX TENJIOBUJINIEHD Y
pasi aBapirtHux cutyaniit (AC) peakTOpHOI yCTaHOBKU
(PY), Tob6TO poboTa TEMNMOOOMIHHKKIB IIiff Yac HecTalli-
OHAPHUX TeIIOTifpaBIiYHuX npoueciB. Ananiz AC PY
BBEP-1000 3 TOAP, HaBenennit y po6orti [2], mokasas,
1[0 HaVOI/IbIII 3HAYEHHS TeMIIepaTypy TeIIOHOCIsS Ha
BXOZi B TemmoobMiHHUKM BigmoBigawoTh AC «Pexxum
BenuKoi Tedi: [IBocroponniit pospus I'IJT». To6To 1s
AC e Hai16i/1pIII KOHCEPBATUBHOIO 3 TOYKY 30PYy 3MiHI
napaMeTpiB po60YMX CepeoBULL y TEITIOOOMIHHUKAX.
3HavyeHHs TeMmueparypu Termionocia B TOAP y pasi AC
«Pe>xxum Benukoi teui: [IBocTropoHHin pospus I'IIT»,
HNpUITHATE PIBHUM 3HAYEHHIO TeMIIEpaTypU CepefjOBI-
ma 6aka-nmpusamMka ['A-201, oTpuMaHOMY BiAIIOBIFHO 710
mokyMeHTa [11]. 3HaYeHHA TeMIepaTypu cepefoBMINA
Oaka-npusMKa, sike norpamise B TOAP, BusHauene s
BapiaHTa poOOTU TPHOX KAHAIIB CUCTEMM aBapiiTHOTO
OXOJIOfI>)KEHHS 30HM.

Y nonepenHuiit po6oti [1] posrnsaganacs muiie cTami-
OHapHa IIOCTAHOBKA 3a/la4i 3 PO3PaXyHKOBOTO OOIPYH-
TyBaHHs 6e3neuHoi ekciuryaTtanii TOAP. Y unx pospa-
XyHKax He Oy/1M BpaxoBaHi peabHi 3MiHU MapaMeTpiB
cepefoBMII y TelIooOMiHHMKaX. Buxopsaum 3 1jboro,
y 1iit po6OTi CTaBUTHCSA 3aBHAHHS O[O0 BUSHAYECHHS
TEepPMOHAIIPY>KEHOTO CTaHY Hailbi/Nbll HALIPY>KEHOTO

¢dnannesoro segquandss TOAP i yac HecTarjioHapHUX
TEI/IOTiIPaB/IiYHNX MPOLECIB, IO BiIOBIZAIOTh PO6O-
Ti Terroo6MiHHMKIB Mmif yac AC «PexXuM BenKoi Tedi:
I Boctoponsiit pospus I'II'T». g AC npuitHaTa AK Hali-
6inbir koncepsaruHa AC PY BBEP-1000 3 Touku 30py
3pOCTaHHs MapaMeTpiB pobounx cepenosuiy y TOAP.

Po3p’a3aHHs HecTanioHapHOI 3agayi

3 BU3HAYEHH TePMOHAIPY>KEHOTO CTAaHy
oxpemux eneMeHTiB TOAP mig yac AC «Pexxnm
BeNNKOi Tedi: [IBocTopoHnHiii pospus I'TIT»

TOAP € KOXYXOTPYyOHMMU TeNI00OMiHHMKAMU
3BOPOTHOTIYHOTO TUIIY, IO MAIOTh I/IABAl0Yy TOJIOBKY
Ta 30BHILIHIO I BHYTPIIIHIO 00MYaiiky Kopiycy (puc. 1).

Amnanis KOHCTpyKIii Ta ymMoB ekcrmyaTanii TOAP
1oKasas, 1o ¢ranuesi 3equanns Ju2080 BXOgTH 10
CKJIaJly e/IeMeHTiB TPYOHOT0 IPOCTOpPYy — 30Ha 2. Y HbO-
MY Tede TeXHiYHa BOJIa, TeMIIepaTypa AKoi B yMOBax IIpo-
TiKaHHSA HeCTalliOHaPHOT'O MPOLECY, IO PO3INIANAETHCS,
3MiHioeTbcs Big 40 o 60 °C. V Toit xe vac draHiesi
3enHaHHA [JH2130 BXOAATH A0 CKIIAZly €/IEMEHTIB MiX-
TPyOHOTO IIPOCTOPY Ta 3'€HAHI 3 30BHILUIHBOIO 00MYali-
Koo — 30Ha 1. ¥ MixTpy6bHOMY npoctopi TOAP mpoti-
Kae TeIUIOHOCI, sIKMII 3a HecTanjionapHoro npouecy AC
«Pexxum Benukoi redi: [Isoctoponnii pospus I'lIT» mae
6impury sminy remmeparypu: Big 109 °C Ha BXofii B Terio-
06MiHHUK 710 76 °C Ha BUXOAI1 3 HbOTO. 3 OITIAY HA Lie, €
TOLII/IBHMM Y IIepIIy Yepry BU3HAYaTU TePMOHAIIPY>Ke-
HUII CTaH eJieMeHTiB QaHIeBux 3eguanpb Ju2130.
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Puc. 1. 3aranpanit surmsag TOAP
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Jln4 BUpilleHHA NMOCTAaB/IEHOTO 3aBJaHHA PO3PO-
07€eHO TPUBMMIPHY pO3paxyHKOBY MOJeIb OKpPeMUX
enemenTiB TOAP, o cknany AKuxX BXOAATH (raHLEBi
semuannsa [Ju2130.

OpHi€ro 3 rPaHNYHNX YMOB ITiJ} Yac BU3HAYEHHS Tep-
MOHAIIPY>KE€HOTO CTaHy eJIEeMEHTIiB TeI/IOOOMIHHUKIB €
POSIOfiN TeMIlepaTypy IO TOBIIMHI Ta JOBXXMHI CTiHOK
jioro eneMeHTiB. [l71s BUpillleHHS 1[bOTO 3aBIAaHHS BU-
KOHYIOTbCS YMC/IOB1 TEIIOTifipaBIidHi pO3paxXyHKH 3a
IOIIOMOTOI0 MeToAY cKiHueHHMX eneMeHTiB (MCE). [lna
11bOTO Oy AYETHCSI TPMBUMIpPHA MOJIE/b TEIIOOOMIHHIKA,
sKa BPaxoBye po6oui Tiza BHYTPILIHIX CepejOBNUII.

Buxopga4u 3 TOro, 1110 06°€KTOM JOCTI>)KEHHH € Tilb-
Ku eneMeHTH (rianieBux 3eqHanb Ju2130 TOAP, aBTo-
paMM 3alIpOIIOHOBAHO BMKOHYBAaT! PO3PaXyHKM TeMIIe-
paTypHUX IOJIiB He B yCbOMY TEIIOOOMIHHMKY, @ TiIbKI
B OKpeMIX JIOTO eJleMeHTaX, L0 BXOLATH 1o 30HM 1 (IuB.
puc. 1). [IponoHyeTbCcA BUKOHYBATH IIe 3aBJaHHA 32 JI0-
IIOMOTOI0 TOEHAHH A aHAIITUYHMX Ta YMCIOBYUX TEMIO-
rifjpaBriYHMX po3paxyHKiB. Bpaxosyroun Te, mo TOAP
Ma€ CUMEeTPMYHY KOHCTPYKI}il0, BUKOPUCTOBYBa/lINCA
TOMATKOBi TpPaHMYHi YMOBY CUMETPpii, [0 fa€ 3MOTY JO-
TATKOBO CIIPOCTUTY PO3PaXyHKOBY MOZETD.

PospaxyHkoBa Mozienb 30HM 1 BK/TI04ae B cebe po6o-
4i Ti/Ia cepeoBUI TPYOHOTO Ta MIXTPYOHOTO IIPOCTO-
piB TOAP, a Tako>x 10ro KOpPIIyCHi e/leMeHTH. 3aTanbHNIA
BUIJIAJ, KOPIIYCHUX MeTaleBUX €/IEMEHTIB PO3PaxXyHKO-
BOI Mofieti, siKa MiCTUTh ¢raHieBe 3exHanns [Ju2130,
HaBeZleHO Ha puc. 2. IIa mopenp mae 4027 666 By3niB
16046 546 cKiHYeHHUX €/IEMEHTIB Ta BpaXOBY€ TPM KOMip-
KV B TPaHUYHOMY IIapi PifiHM Ta He MEHIII HiXX TP efie-
MEHT I10 TOBIMHI CTIHOK €/IEMEHTIB TeII00OMiHHMKaA.

I/ BUpillleHHA IOCTaBIEHOIO 3aBNAaHHA 3 BU3HA-
YeHHs TePMOHAIIPYXKEHOTO CTAaHY e/IEMEHTIB TeIno06-
MiHHMKA BUKOPMCTOBYBA/INCS YUCIOBI TEIJIOTiIpaBIidHi
pO3paxyHKM, BUKOHaHI 3a gonomoroo MCE. [lna Buko-
HaHHA TaKMX PO3PaXyHKiB BUKOPUCTOBYBajacs MarTe-
MaTM4YHa MOZE/Ib IOTOKY PifMHY, B OCHOBI AKOI JIe>KaTh
ocepenHeHi 3a PeitHonbacom piBHsiHHs Hase — Crokca
IJ1 HECTUCIMUBOI pigyHnu. BoHy npencraBieHi piBHAH-
HSMM HEpO3PUBHOCTI, 3MiHU KiNBKOCTI pyXy Ta 36epe-
JK€HHA eHeprii.

Buxopsaum 3 TOrO, 1[0 PiAVHY B TEIIIOOOMIHHYIKY PY-
XaI0TbCs TYPOY/IEHTHO, [/ MOJE/MTIOBAaHHS BIUIUBY TYP-
Oy/IEHTHOCTI Ta OINCY TypOY/IeHTHOTO I'PaHUYHOTO LIAPY
Ha TBEpINX MOBEPXHAX NPUIIMAEThCA HalliBEMITipMYHA
Mopienb k—w Menrtepa (3, 4]. Is1 Mozenp 3abe3neuye fo-
CTaTHIO TOYHICTDb Pe3y/IbTaTiB Ta e(eKTUBHY 301KHICTH
iTepamiifHOrO IpoIleCy HaBiTh IPK JOCUTD IPYOMX CiTKaxX
Ta 3 IIOMipHOI pO3PAXHOCTI TPAHNYHOTO 1Iapy [5].

Puc. 2. 3aranpanit BUT/IAT MeTalIEBUX €IEMEHTIB
CKiHUYeHHOe/IeMEeHTHOI po3paxyHKoBoi Mogerni 30au 1 TOAP

Tennonepenaya B KOPIYCi MOTEMIOETHCS PIBHAHHAM
TEIJIONPOBiAHOCTI, /11 BUPIIIEHHA AKOTO BUKOPUCTO-
BYIOTbCA TPAaHUYHI YMOBU TPETHOTO POAy (BUKOPUCTO-
BYIOTb 3aflaHi 3HaUeHHA TeMIepaTyp Ta KoedimieHTa
TeIIOBimmayi):

d d . dr
—(pc,T)=—(A—) +qv,
dt(pcp) dx'( dxj)+qv m

J

Jie t — 4ac; x, — JeKapTOBi KOOPAMHATH; p — TYCTUHA; C, —
TEeIJIOEMHICTD 3a MOCTIMHOTO TUCKY; T — TeMIlepaTypa;
A\ — TerIonpoBifHICTD; v — TeNIOBNUI TOTIK.

Il BUpilleHHA CHiNbHOI 3a/jadi TeI/IOrifpaBIUKN
Ta TEIUIONPOBIZHOCTI Ha IPaHNIi MIXK PifMHOIO Ta efle-
MeHTaMM KOPIIYCY TeIJIOOOMiHHUKA IIPUIIMAETHCA PiB-
HICTb TEMIIEPATYP i TENJIOBMUX IIOTOKIB.

I'panmyHMMM yMOBaMM [/ BUKOHAHHA YMCTIOBUX
TEIJIOTiIpaBIiYHNX PO3PaxyHKiB € BUTpaTa, TUCK Ta
TeMIlepaTypa piAVHY Ha BXOJi B MDKTPYOHMII i TPyO-
HMI1 IpOCTOpH. Buxopsa4n 3 TOro, o xapaKTepuCTUKN
TeII0i30/IA i1 KOPITYCY TeIIo0OMiHHMKA HEBijoMi, KOH-
CepBAaTMBHO MIPUITMAIOCS, 1[0 330BHI TEITIOOOMIHHIK He
Mag€ TeIIoi30/1Alil Ta 06 yBaeThCA NOBITPAM i3 TeMIIe-
paryporo 35 °C npupomHOI0 KOHBEKII€0.

IIna BU3HaYeHHA 3Ha4eHb TeMIIepaTyp Ha BXOAi
B MiXTpyOHMIT i TpyOHUIT IPOCTOPY PO3PaxXyHKOBOI
MoJie/li BUKOHYBA/IUCSA aHAIITUIHI TEIIOBi PO3PaxXyHKMU.
3a OIIOMOT 010 IIX PO3PaXyHKiB BU3HAYAETbCA CEPETHE
3HaYEHH:A TeMIIEPATypU CEpPeOBUIL Y 3aaHOMY Ilepe-
pisi Tremmoo6minuuka. Hapani pesynpraTy, oTpuMaHi
aHATITUYHUM LUIAXOM, € TPAaHUYHUMY YMOBAaMHU [
BYKOHAaHHA YMCIOBUX TEIUIOTifApaBIiYHUX PO3paXyH-
kis MCE.

CdopmynoeMo MaTeMaTUIHY MOZIE/Ib aHATITUIHO-
rO TEI/IOBOTO PO3PaXyHKY 3 BU3HAYEHHS TeMIIEPATyp
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0 Tepepidy KOKYXOTPYOHUX TeINOOOMIHHMKIB 3BO-
POTHOTIYHOTO TUITY.

3anmmemo GopMyITy pisHUIII TeMIepaTyp, 1o 3MiHI0-
IOTHCSA 110 JOBXKMHI TeII000MiHHMKa, BifiIoBigHO 10 [6]:

At =Ate ™ @)

e At=t,—t — pisHUIs TeMIepaTyp CepesOBMIII]
TPYOHOTO Ta MiXKTPYGHOTO IPOCTOPIB TENNIOOOMiHHMKA
B OffHil1 To41Li Jioro fowxuHy, °C; At, = t; — 1, — pisHNIA
TeMIepaTyp Ha KiHLIi TemmooOMiHHMKaA, [e
t, — moyaTkoBa TeMIlepaTypa pifyHY, 110 HaTpiBaeThCA,
t; — KiHIleBa TeMIlepaTypa pifMHY, IIO Bifija€ TEIIO;

! 1 KOHCTaHTa, k —

m= __* ,crpap/Ox —
Gep Gofry koedinient temmomepegaui, F —
I/IoNTa TIOBEPXHi Temnoobminy, Mm% G, G, — Macosa
BuUTparta pigus, xr/c; Cp, Cp. — nuTOMi TeN/I0EMHOCTI
pipus, Ix/(kr-rpaz).
Bukopucraemo ¢opmyny temnoBoro 6amaHCy Te-
1000MiHHMKa:

Q=Gcp,(t, —t) = Gcp, (t, —t,), 3)

Jie £, — IOYaTKOBA TeMIIEpPATypa PilMHY, LIO BifIIa€ TEIIO;
t, — KiHIleBa TeMIlepaTypa PiluHU, 1[0 HATPiBAETHCA.

3 ¢opmyn (2) Ta (3) MO>KHA BUSHAYUTH 3HAYECHHS
TeMIIepaTyp IO Iepepi3y TeIooOMiHHMKA B 3aJaHUX
TOYKAX JOBXXUHU JIOTO TEIIOOOMIHHUX €/IeMEHTIB:

. ch .
t1=t1+GZTPZ(t2—t2),
171
DGy o m
f— 2P (L e
, __ Gen “
2 I_Gchz ’

Gep,

Jie t, — TeMmepaTypa piiuHu, [0 HArPiBAETHCA, Y 3a/JaHii
TOYI[i JOBXMHM TennoobMiHHMKa, °C; , — TeMmeparypa
pinuHM, O Biffjae Temno, y 3afaHill TOYLi JOBXUHU
Ternoo6MiHHMKa, °C.

Jnd BU3HAUYeHHA TeMIIepaTyp 110 3a[JaHOMY Iepepi-
3y TOAP, o BifmoBifae BXoAy B MiXTpyOHMIt Ta TPyO-
HUII TPOCTOPY PO3PaXyHKOBOI MOJi€/Ti, CKOPMCTAEMOCS
3HAYeHHSMU TeMIIepaTyp Ha BXOfi B aTpyOKu TPyOHOTO
Ta MDKTPYOHOTO IPOCTOPIB TernoobMiHHNMKa. [TaHi TeM-
IepaTypy BU3Ha4YaaUCA BiTIOBiHO O JaHUX, HaBefle-
HUX y poborax [2, 7]. Temneparypa TexHI4HOI BOAY Ha
Bxozi B TOAP (temmneparypa 1), sska morpanssie B 1py6-
Huit npoctip, gopisHioe +40 °C i € He3aminHOW0. Teme-

120

110

100

90

80

Temneparypa, °C

70

60 - T T T T T 1
0 600 1800 2400 3000 3600

Yac, cekyH[,

1200

Puc. 3. 3mina TeMIlepaTypu TEI/IOHOCiA, AKMIT HAAXOAUTD
y MDKTpPYOHUII IpOCTip TermnooOMiHHMKa, Y daci

parypa TemioHociA (TeMmneparypa t; ), AKUI HAIXOAUTD
y MDKTpYOHMIT IPOCTip TENOOOMiIHHUKA, 3MIHIOETHCS
BignoBifgHO o rpadika Ha puc. 3 [2].

Buxopsum 3 BuIeHaBeJEHOTO, 32 OIOMOTOIO
piBHAHD (2) — (4) BU3HAYNMO TeMIIepaTypy CepeTOBUIL
MIKXTPYOHOTro Ta TPyOHOrO NMPOCTOPIB IO 3aZaHOMY
nepepisy TOAP. OcHoBHI mapameTpu cepefoBMIL, 110
BUKOPUCTOBYIOTbCA B YMCEIBbHUX TEIUIOTiZPaBIiYHIX
PpO3paxyHKaXx, [0 OTPMMaHi BifJIIOBITHO O MONOKEHb
TOKYMEHTIB [2, 7, 8] i BpaxoByIoTh moxnoKy +1 °C, HaBe-
IieHo B Tabs. 1. Po6ounM cepenoBuieM Mi>XXTpyOHOTO Ta
TPyOHOTO IPOCTOPIB TEIJIOOOMIHHUKA € BOJA.

Tabnuusa 1. OcHOBHi po3paxyHKOBi mapamMeTpu
cepeoBUII MiXKTPYGHOr0 Ta TPYOHOTO MPOCTOPiB

B
Cepenosuiie Tuck, Temmeparypa vrpara
. - BOJIYA,
TeII00OMiHHIKA MIIa Ha Bx0Ji, °C
T/TOf,
MixtpyGruit 2,1 +56> 495> 475 | 1750
HPOCTip
Tpy6Ha yacTHA 0,5 +41> +46> +44 | 3000

Y pesynbrari BUKOHAaHMX YMCIOBUX TEIIOTifgpaB-
TiYHMX PO3PAXyHKiB OTPMMAHO PO3IOiNeHHA TeMIIepa-
TYPHMX ITOJIiB 110 TOBILVHI Ta JOBXKMHI CTIHOK €/IEMEHTiB
Ternioo6MiHHUKA. ['padiunnit BUIIAA pO3NOAiny TeM-
IepaTypHUX IOJIiB B €JIeMEHTaX PO3PaxXyHKOBOI MOfieNi,
OTPMMAHIUX [/Is1 PISHMX MOMEHTIB pOOOTH TEIIO0OMiH-
HUKa, HaBeJIEHO Ha puc. 4.

BuKOpMUCTOBYI0OUM OTPUMAHMII PO3IOAIN TeMIIe-
paTypHUX IOMiB IO TOBILIMHI cTiHOK efteMeHTiB TOAP,
MO>KHa BUKOHATM PO3PaXyHKM MilJHOCTi 3 METOIO BU3Ha-
YeHHs TePMOHAIIPYXXEHOTO CTaHY e/IeMEeHTIB (IaHIle-
Boro 3egHanHs [u2130. I]i po3paxyHKM MiIfHOCTi BU-
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AHaji3 TepMOHAIIPY>KEHOTO CTAHY e/IeMEHTIiB (IaHLIeBUX 3€fHAHD TEIIOOOMIHHUKIB

FLOW_TEMP IKI
k7R
328.3
(TN
3266
gl
321.9
a1
3233
125
3218
7200
320
2191
318.3
175
3166
N50

a

FLOW. TEMIPIK]
3481

3463
4 s,
3427
3409
3391
3373
c
3337
3318
7301
3283
HS
3247
3228
211
3193

B

FLOW TEMIP 1)
W75

4.7
®14
3591
356.3
353.5
350.7
e
345.1
3424
796
336.3
Eers

3312
3264
kraH
32238

Puc. 4. Po3mogin TeMmepaTypHIX IIOJIiB B e/leMEHTAX PO3PaxXyHKOBOI MOZIe/Ii TEI/IOOOMIHHIUKA:
a — Ha 1-it ¢; 6 — Ha 1300-7% ¢; B — Ha 3600-i1

KOHYBA/VCsA B HeCTalliOHAapHill IOCTaHOBLI 3afadi, fe
PO3IOfiIN TeMIlepaTyp B eleMeHTax TelIooOMiHHMKa
3MiHIOBaBCS B 4aci, a TUCK CepeloBUI MaB MOCTilIHi
3HaYeHHA. SIK CM/IOBi rpaHMYHiI YMOBY PO3paXyHKOBOI
MOJieTli BpaXOBYBa/IUCA: TUCK CEPEJOBUIL; PO3IOAL TEM-
HepaTyp B eIeMEHTAaX TeIIOOOMIHHMKA; 3yCHUIIS 3aTAT-
HEHHs IINNWIbOK QIaHILeBUX 3 €/[HAHD.

BignosigHo o mokyMeHTa [9] mmmibky ¢raHIe-
BUX 3€HaHb [IH2130 MOBMHHI 3aTATYBaTUCA MOMEHTOM
246 Kr-M, IO BiAIOBifla€ CMJIi MONEPEJHBOTO 3aTATY
22527 xrc.

I'padiuanii BUTIAR PO3IOAINTY eKBiBaTeHTHUX Ha-
npyxeab SMAXTAU B enementax TOAP Tta enemen-
Tax Q)HaHueBoro sepHandg Ju2130 30KpeMa, AKUN
BifnoBigae 1300-if ceKyHA1 pO3paxyHKY, HaBE€[leHO Ha
puc. 516.

PesynpraTi po3paxyHKy Halpy>KeHb B €JleMEHTax
¢dnanneBoro sequanus [Ju2130 Ta mOpiBHAHHA 3 [[0-

IIyCTUMMMU 3Ha4Y€eHHAMH Bi[IIIOBIJHUX IPYIl KaTeropiit
HaIpy>XeHb, OTPMMAaHNMM BiJJIIOBiTHO JO IOJIOXKEHD
HopM [10], HaBefeHO B TAOI. 2.

SIx BUHO 3 OTPUMMAaHMX P€3y/NbTaTiB, AJIA MPO-
€KTHOTO 3Ha4€HH:A 3aTAry IINWIbOK, IO NOPiBHIOE
22527 Kr¢, B eneMeHTax anuesoro 3exgHanHs Ja2130
CIIOCTEpIraeTbCs MepeBNUILeHH A LONYCTUMUX 3HAUYeHb Y
IeAKUX Tpylax Hallpy>KeHb. Lle TaKoX MifiTBepAKYETh-
cs pe3y/nbTaTaMy paHillle BUKOHAHNUX CTaTMYHUX PO3-
PaxyHKiB MiIIHOCTI e/IeMeHTiB (IaHIIeBOTO 3'€JHAHH
IT12130, HaBefieHNX y pobori [1].

PosrnaneMo TepMOHaNpy>XeHUI CTaH €eMEHTIB
¢dnmanuesoro 3exnanusa Ju2130 mig wac AC «Pexxum
Benukoi teui: IBoctoponHiit pospus I'll'T» 3 Bukopu-
CTaHHAM 3aTATY INuaboK 14600 krc. PesynbraTu po-
3paxyHKY HaIIpy>XeHb B e/leMeHTaxX (PIaHIIeBOTO 3'€/I-
HaHHA [IH2130, oTpuMaHi B pe3y/abTaTi IepepaxyHKYy, Ta
MOPiBHAHHA 3 IONYCTUMMMU 3HAY€HHAMH BiTIOBiIHUX
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SMANTALIHIM2]

Puc. 5. PesynbraTi po3paxyHKy €KBiBaJIeHTHUX HaIIPY>KE€Hb
B eieMenTax TOAP na 1300-it cexynpi

SMANTALHMM2]

Puc. 6. Pesynbraty po3paxyHKy €KBiBaJIECHTHUX HallPy>KeHb
¢dmannesoro segranssa Ju2130 Ha 1300-11 CeKyHJ1

Tabnuus 2. Po3paxyHKOBi HANPY>KeHHS B eleMeHTaX ¢raHueBoro 3’egnanus [Ju2130

Ta HOpiBH}IHH}I ix 3 AONMYCTMVMM 3HAYEHHAMMN

Enemenrt (0).a60 (o)., Homyctume (0). 260 (0). , Homyctume (0)... 260 (). , Homyctume

¢dnanneBoro IMHa mw HaIpy>KeHH, ZMHa 3w HaIpy>KEeHH, RVMHa w HaIIPY>KEeHHS,

3€MHaHHSA MIla MIla MIla

[Mnunpka 195,0 181,0 367,3 236,0 369,8 308,0

Spapiobarnbia 96,4 191,0 96,2 248,0 95,4 496,0

HaIlJITaBKa

Sbaplobabil 216,8 244,4 397,5

Byc (TOuKa 1)

3 - 124,0 161,0 372,0
BapIOBA/IRILI 218,9 236,8 385,2

ByC (TOUKa 2)

[pumitka. (0), i (0),,, — 3aranbui MeM6panHi Hanpy>keHHs; (0), — 3aranbHi a60 MicieBi MeMOpaHHi Ta 3ara/TbHi STMHA/IbHI HATIPY)KEHHS;

(0),,— sarambHi abo miclieBi MeMOpaHHi Ta 3aTanbHi TeMIepaTypHi HaNMpysxeHH; (0),, i (0), — po3Max saraabHUX a60 MicIleBIX

MeMOpaHHIX, 3ara/IbHNUX i MICLIeBUX 3TMHATBHUX, TeMIIEPATyPHUX HALIPYXKeHb.

TPy KaTeropiil HaBeJeHNX HaIlPy>XeHb, OTPUMAHNMU
BiZTIOBiIHO /10 OI0XKeHb HOPM [10], HaBexeHO B Tab. 3.

Sk 6a4MMO 3 OTPUMMAaHNUX pe3yIbTaTiB po3pa-
XYHKiB, Half0i/bpIINil BHECOK y TepMOHAINPY>KeHMUII
cTaH eneMeHTiB (pranueBux 3equanb TOAP BHOCATS 51K
CUJIa 3aTATY LINNUIbOK i TUCK po60OYOro cepemoBuIIa,
TaK 1 3MiHa TeMIIEpaTypy CepefoBUIL, XapaKTepHa I
HeCTal[iOHapPHOTO MPOLeCy aBapilfiHOTO pPO3XONMOMXKY-
BaHH:A PY BBEP-1000. Y TOJi )Xe 94ac BHECOK 3MiHM T€M-
HepaTypu B 4aci B TEePMOHAIPY>KeHMI CTaH MIINIbOK
¢dbnaHIeBNX 3€THAHD € HE3HAYHNUM. J[aHe TBep>KEHHS
06yMoBJIeHe THUM, 1[0 3MiHa TeMIIePATyp Bij yacy Bif6-
YBa€TbCs IOCTYIIOBO, @ TAKOXK MAKCYMAa/IbHNIIL IIepemna,
3HaYeHb TeMIIEPATYP TEIJIOHOCis CTAHOBUTD MPUOIN3-
HO Ha 40°C.

BucHoBkmu

Ynepine npoaHanisoBaHO TEPMOHAIIPY>KEHMII CTaH
eneMeHTiB panuesoro 3eguants Ju2130 TOAP mig vac
AC PY BBEP-1000.

Buxopsaun 3 aHanisy oTpMMaHUX pe3yabTaTiB po3-
PaxyHKiB MIIJHOCTI eJIeMeHTiB (JIaHIIeBOTO 3'€JHAHH
112130 MO>XXHa 3pOOUTY TaKi BUCHOBKM:

1) cmocTepiraeTbcs NMepeBUILEHHA MONMYCTUMUX
3Ha4YeHb HAIIPYXKEHb B eJleMeHTax JIaHIIeBOTO 3 €JHAH-
HA [JH2130 npy IpoeKTHOMY 3HaY€HHI 3aTATY IIMNUIIbOK;

2) ymepie BCTaHOBJ/IEHO, 10 3MiHa PO3IOAiNY TeM-
nepaTypHux nomnis B eneMeHTax TOAP, ska BractuBa
171t po60TH TerI00OMIHHMKIB Mif Yac HatbiTbII KOH-
cepBatuBHOI AC «Pexxum Benukoi teui: [JBocTopon-
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AHasi3 TepMOHAIIPY>KEHOTO CTaHY elleMEeHTiB (pIaHIIeBNUX 3 €lHAHb TENI00OMiHHMKIB

Ta6muusa 3. PospaxyHKoBi Hapy>KeHHA B eleMeHTaX ¢naHmeBoro s’eqHanaa [Ju2130,

OTPJIMaHi 3 BUKOPUCTAHHAM 3aTATY IMIIbOK 14600 KIc Ta HOPiBHAHHA iX 3 JONYCTUMMMY 3HAYeHHAMM

E
JIEMEHT (0). 260 (0)_, Homyctume (0). 260 (0). , Homyctume (0)... 260 (o)., Homyctume
¢raHIEeBOrO ! MII mw HaIpy>KeHHS, 2 MII 3w HaIpy>KeHH, RVMH aw HaIIpy>KeHHS,
3’€IHAHHA a MIIa a MIIa a MIIa
IInunbka 126,6 181,0 2374 236,0 255,2 308,0
Spapiopanbha 77,2 191,0 77,3 248,0 74,7 496,0
HaIlJTaBKa
3BaproBaTbHUI 81,6 157.9 296.4
Byc (TOuKa 1)
3 - 124,0 161,0 372,0
BapioBaNIbIL 83,5 151,0 265,6
Byc (TouKa 2)

Hiit pospus I'llT», € BHECKOM Yy TepMOHAIIPY>KeHUII
CTaH KOHCTPYKIIii.

Buxopga4u 3 BuIEHaBEIEHOTO, MOXXHA B Ii/IOMY
3pOOMTU BUCHOBOK IIPO 6e3leuHy ekcIuryarariiro TOAP
nif yac AC PY BBEP-1000, 3a yMOBY 3HVM>KEHHA 3HaY€H-
Hs 3aTATY WNIIbOK (rraHIeBoro senHanus Ju2130 go
14 600 xrc.
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Analysis of the Thermal Stress State of the Flange
Connections Elements of the Emergency Cooling Heat
Exchangers During Accidents of the WWER-1000
Nuclear Installation

During the assessment of the static strength of the
flange connections elements Dn2130 and Dn2080 of
the emergency cooling heat exchangers 08.8111.335 SB
(TOAR), it was found that there is an excess of the allow-
able stress values. These calculations of static strength per-
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formed using the finite element method (FEM). The analy-
sis of the static strength of the flange joints was performed
taking into account the design values of the tightening of
the studs, equal to 22,527 kgf and 8,836 kgf, accordingly.

At the same time, one of the main purposes
of heat exchangers TOAR nuclear installation (NI)
WWER-1000 is the work until accidents. The analysis
of accidents of NI WWER-1000 showed that the largest
values of change of parameters of environments in heat
exchangers of TOAR correspond to accident “LOCA: Bi-
lateral rupture of MCT”. Based on this, we considered the
thermal stress state of heat exchangers for this accident.

To determine the thermal stress state of the TOAR
heat exchanger elements, during accidents of the nuclear
installation, strength calculations were performed in the
non-stationary formulation of the problem. One of the
boundary conditions for these strength calculations is
the distribution of temperatures along the thickness and
length of the walls of the elements of the heat exchanger,
which changes over time. Numerical thermohydraulic
calculations were performed to determine these bound-
ary conditions.

In the article for the first time the results of calcula-
tions of thermal stress state of separate elements of heat
exchangers TOAR, for work of heat exchangers during
accidents of nuclear installation are received. It is estab-
lished that the elements of the flange connection Dn2130
are one of the most critical elements of TOAR heat ex-
changers. To determine the thermal stress state of the heat
exchanger elements, analytical thermal calculations, nu-
merical thermohydraulic and strength calculations were
performed using the FEM method.

As a result of the analysis of the performed strength
calculations, it was concluded that it is necessary to re-
duce the tightening value of the flanges of the flange con-
nection Dn2130 to 14600 kgf.

Keywords: emergency cooling heat exchanger, thermal
stress state, design justification for safe operation,
flange connections.
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HocmimKeHHs IpoLeciB 030HONi3y OpPraHiYHIX KOMIIOHEHTIB
MOJI/IbPHNIX PO34VHiB PiJKMX pafioaKTMBHUX BigXxofiB peakropis BBEP

Kntouosi cnosa:

PifKi pagioakTUBHI Bifxoau,
030HOJI3 Ta eCTPyKIis
OPraHivYHUX CIIONYK,
eTUIeH/IMaMiHTeTpaalleTar HaTpilo,
maBjeBa KUCIOTA,
CUHTETUYHi TOBEPXHEBO-
aKTVBHi peYOBUHIU,

1esii,

CTPOHLIA,

KOOaIbT,

MapraHelb.

HasepneHo pesynbraTy JOCIiIKEHHA YMOB OKMCHEHHSA 030HOM OPTaHIYHMX KOMIIOHEH-
TiB pifkux pagioakTuBHUX Bigxopis (PPB) Ha mpukiani MopebHOrO po3uuHy 3 imiro-
BaHMMM PO3YMHAMY HIABIE€BOI KUCIOTH Ta JUHATPIEBO] COJi e TU/IeHMaMiHTeTPaOLITO-
Boi kucnotu (EITA). YcraHoBIeHO, 1110 B mporieci 06po6ku opraHiyHuX ckmagosux PPB
030HOM Biff0yBAETHCSI 3MEHIIIEHH I BeTM4IyHY PH, 1110 IPM3BOAMUTE [0 SHIDKEHHS ebek-
TUBHOCTI iXHbBOI flecTpykuil. YrpuMmanHa pH Ha piBHI BuxigHux 3nadenn (11-12 opu-
HUIIb) HUIAXOM IIOCTilIHOTO Ii/IyrOByBaHHSA 3JaTHE IigBMINUTU e(eKTUBHICTD fie-
cTpyKuii opraniuHnx komrnoneHTiB PPB Ha 30 %. EJITA kpaie migfaeTbcs gecTpyKiii
030HOM (030HOJTi3Y), HiX IlaB/IeBa KIC/IOTA. [lecTpyKIis opraHivHNX kKoMIoHeHTiB PPB
BifOyBaeTbCst B [Ba eTamy: HepIumii, GinbIl IIBUAKMIL, Ta Pyruil, G1IbLI TOBITBHUIL
Maxcumanpauit cryninb gectpykuii EJITA B ymoBax ekcnepumeHTy cTaHOBUB 86 %,
CTYIiHb JIeCTPYKIil IaBaeBoi KUCIOT — 51 %, MaKCUMMa/lIbHMII CTyIiHb NEeCTPYKILii
OpraHiYHMX KOMIIOHEHTiB MogenbHoro po3unny PPB (E[TA, masieBa K1c/IoTa, CMHTe-
TUYHI IOBePXHEBO-aKTVBHI PeYOBUHY) CTAHOBUB 67 %. 32 paXyHOK CIIiBOCAaJPKEHHS Ta
afcopbuii mif Yac 030HYBaHH PO3YMHY Bit6yBa€TbCs 3MEHIIIEHH I KOHI[EHTPALil Map-
TaHII0 B MO#e/nbHOMY po3unHi PPB Ha 94,3 %, 3HMKYyeTbcA akTuBHicTD */Cs Ha 26 %,
a*°Sr Ha 15,7 %, KOHIIEHTpaLlis KO6A/IbTy 3MEHIIYETHCS /Tuie Ha 6 %.

Beryn

ro 36epiraHHA Ta 3aXOpoHeHHA. [IpoTe BUKOpUCTaHHA
i0HOOOMiHHMX CMOJI yTPYZHEHO BJYCOKOIO i0HHOIO CHTIOH0

CporogHi Ha61/IbII OMIMPEHNMY CIIOCOOAMI Tie-
pepobku pifkux pamioakTuBHMX Bigxoxnis (PPB) Bit-
ynsHsaHuX AEC € guctunsauis (BumaproBaHHs) Ta ioHO-
obMinHa copbuis [1]. BumapoBaHHs gae MOXIUBICTD
OTpPUMATHU AUCTUIAT, IPOTe KiHIIeBUMIU IPOAYKTAMH Ile-
pepoOKM € Ky6OBIIT 3aTUIIIOK, BiiIpalibOBaHi COpOeHTN
1 IIJTaMU, CONIbOBUIA IIJIAB 31 3HAYHOIO PaZlioaKTUBHICTIO,
AKi HAKONMYYIOThCA y BEIMKUX 00’ €Max i He BifimoBifa-
I0Thb KPUTEPisIM IPUIIMaHHSI IX Ha JOBTOCTPOKOBe 36epi-
TaHH: Ta 3aXOpOoHeHHs. [oHo0OMiHHa copO11is jae 3MOTy
CKOHIIEHTPYBATH pafjiOHYK/TiiN B HEBETUKOMY 00’eMi pe-
reHepalilfHOro po3unHy abo y TBepaiit ¢asi copbenry,
IO CIIPOLIYE KOHAUIIOHYBAaHHA X /171 JOBTOCTPOKOBO-

PPB i HaABHICTIO 3aBMCell, OpTaHIYHMX CIIONTYK i KO/IOIN-
HMX YaCTOYOK y PO3YMHAX.

3a axicanm cknagom PPB Bopo-BomsAHUX eHepre-
TyHUX peakropis (BBEP) e cymimi posumHenux co-
el — HiTpaTu, oKcamatu, kapbonaru, pocdarnu, 6opar
HaTpilo; cycreHsiili — Hepo3umHHi ¢pocdarn, okcaa-
TH i kKap6oHaTH, [IOKCKJ, MapraHIjlo; OpraHiuHi peyo-
BUHYM — KOMIUIEKCOHM; TypOiHHe Maco; CMHTeTMYHi
nosepxHeBo-akTuBHI pedoBnHM (CITAP) — comni cynb-
(OKMCIOT: aNKiTPHUX apOMATMYHNX BYI/IEBOAHIB, ajl-
KizIbeH30Cy1b¢GOHATH, COMi BULINX )KMPHUX KUCTIOT, ajl-
Kimapuncynbdonaru, coni cynbgoedipis HOpManTbHUX
HEepPBUHHUX aTipaTUIHUX CIUPTIB, ANIKIICYTb(aTy, Ha-
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6ip anxinapucynbdokncnor. PPB micTaATh pafioakTBHI
HYK/Iifiy, 010 YTBOPIOIOTHCA B pe3yabTaTi IOKiNy Afep-
HOTO ITa/I1Ba Ta B3a€MOJIii iOHi3yI040ro BUIIPOMiHIOBaH-
Hs MTAJIMBa 3 TEIJIOHOCIEM i JOMIIIKaMM, IIIO MiCTSATbCS
B HbOMY, a TAaKOXK IPOAYKTM aKTuBanii [2]. [Jo Hux, 30-
KpeMa, HajleXaThb: IpofyKTy mopiny — **Cs, '¥Cs, *°Sr ta
npopykty aktusanii — “°Co, **Mn, **Fe. Pagionykiign
nepeOyBaloTh y BUITIA/I IPOCTHX i CK/IaJHMX KOMIIIEKC-
HMX i0HiB, HEMITPAJIbHUX MOJIEKY i KOMOIJHMX YacTO-
4oK. JI7141 i30TOMiB LIe3i10 i CTPOHIIiI0 XapaKTepHa iOHHa
¢dopma sHaxomKeHHs. PafiionyKIign KobanbTy, 3aniza
i MaHTaHy Hepe6yBalOTh NepeBaXkHO y HopMi opraniv-
HIX KOMIIIEKCHUX CHOMYK 13 [1e3aKTUBYIOUMMH JIiraH-
flaMu (TOTIOBHVIM YMHOM 3 eTHMJIeH/IMaMiHTeTpaaleTaToM
Harpito (E[ITA) i okcanar-ionamu). ¥ pasi smilnryBaHHA
BCiX IJIX KOMIIOHEHTIB 3aTraJIbHUI CONEBMICT JJO BUMIAPIO-
BaHHA (y TpanHux Bofax) ana AEC i3 peakropamu tuiry
BBEP moxe gocsiratu 5-15 r/omm? [3].

Bigomo, 1m0 3a TpUCYTHOCTi OpraHiYHUX JIiTaHAiB
1 IXHIX KOMIUTEKCiB KOeil[ieHT COpPOIiiTHOrO OUMIIIeHH I
Bil paflioHYK/TifIiB MOXe 3HVMDKYBaTUCh y 45 pasis [3].
CaMe HasABHICTb OPraHIYHMX KOMIIJIEKCOYTBOPIOBA/Ib-
Hux niraugis y PPB npusBoauTs g0 HeoOxigHOCTI mif
Yac po3poOKM TEXHONIOTIYHUX CXeM OYMILeHHS Ha Iep-
X CTafisX IepepoOKM IlepeOauNTy IXHE PyIHYBaHH
1 VM BUK/TIOYNTY iXHill HETaTMBHUI BIIJINB Ha IOFAIbIIIi
MpoLecy OYUIEHHA 11 OTPMMATH KiHIIEeBUII MPOAYKT i3
HU3bKVMH PiBHAMU aKTUBHOCTI, JOCTAaTHIMU /151 3HATTA
3 pafiialilffHOro KOHTpoio [4]. ¥ minmomy Takmit mipxin
BiZmOBifja€ 3arasbHiit ifei panionanizanii y cdepi mo-
BOJ)KEHHA 3 pajjioakTuBHUMMU Bigxomamy AEC i HuHI
pearisyeTbcs Ha KOMIUIEKCax nepepobku PPB kinbkox
CTaHLil, 30KkpeMa Ha Konbcebkill Ta JleHiHTpafchbKii
(PD), Jlositica (Pinnangis), [Takm (YropmuHa).

PosurHy TpanmHMX BOJ MalOTbhb BUCOKi 3HAaYEHHS
pH = 11-13. 3a TaKuX yMOB [/Ifl PyJIHYBaHHS KOMIIJIEKC-
HUX CHONYK PajliOHYKIifiB i MOBEPXHEBO-aKTUBHUX
peuoBuH (ITAP) Haibinbur npugatHNM CIOCOO0OM BBa-
YKAETbCS OKMCHIOBA/IbHIIT po3Kiaz. OgHUM i3 Hait61/1b1n
edeKTUBHUX CIIOCOOIB € OKMCHEHHS 030HOM, SIKUII MA€
6i/1bII BMCOKY OKMCHIOBAJIbHY 3[aTHICTb NMOPiBHAHO
3 IeAKMMM IHIIVMMY OKMCHIOBaYaMM: OKMCHUI IIOTEH-
uian 2,07 Boporu 1,77 Bi 1,69 B gna H,O, i MnO,* Bin-
oBigHO [5].

Bubip meTozy 030HYBaHHA IJIA KEeCTPYKTUBHOTO
OKJMICHEHH:A PO34YMHiB, 110 MiCTATh OpraHiYHi CIIOTYKM,
006yMOBJIEHNIT TAKVIMM J10TO IlepeBaramu [6]:

030HYBaHHA PYJHYE 3 JOCTaTHbOK HIBUAKICTIO
OiMBIIICTh OpPraHiYHUX CHOYK, Y TOMY YHCIIi /1 KOMIIIEK-
COYTBOPIOBaJIbHI MiraHgm;

IPOAYKTH AeCTPYKIii, 10 YTBOPIOIOThCA Mifl 9ac
OKVMCHEHHS KOMIIJIEKCOHIB, He MOTipIIYIOTh TapaMeTpu
HACTYITHUX IIPOLIECiB, TOMY O30HYBaHHA MOXK€ BUKOPH-
CTOBYBATMUCS MIPAKTUYHO Ha OY/b-sKiil cTajii TeXHOMO-
Ti9HOI CXeMM OUYMINeHH:A PO34YNHiB 6e3 moripienHs 3a-
raJbHMX 11 MIOKa3HMKIB;

IpOAYKTU pafyKanbHoro xapakrepy (-O, -OH Ta in.),
110 YTBOPIOIOTBCA Y MPOLECi CaMOPO3Naly 030HY i 10ro
B3aeMofii 3 Monexynamu Boau Ta nyry (NaOH) marots
TOTeHI[ial OKMCHEHH s BULINIL, HiX B 030Hi (O,), mo 3y-
MOBJIIO€ BUCOKY e(peKTUBHICTb BUKOPUCTAHHS O30HY
B T€XHOJIOTIYHUX ITPOLiecax;

CTYIiHb TOKCMYHOCTi IPOAYKTiB, [0 YTBOPIOIOTh-
CS IIiJT YaC OKVMICHEHHsI KOMIIJIEKCOHIB 030HOM, € 3HAYHO
HIDKYOI0, HiXX Y BUXi[JHUX peareHTax;

030HYBAaHHS € IPAKTUYHO 6€3BiIXOTHNM CIIOCOOOM
OYMIIeHHA I He TOTpe0ye BHECEHH A JOJaTKOBUX 3a0py-
HIOBA/IbHMX KOMIIOHEHTIB Y PO34MH;

IIpoLecy 030HYBaHHA JOCUTD MIMPOKO BUKOPUCTO-
BYIOTb Y IIPOMIUC/IOBOCTI Ji/Is1 BOZIOIIITOTOBKY Ta 06p06-
KU CTIYHUX BOJ;

030H e(eKTUBHO OKMCHIOE OpraHiYHi pe4oBMHMU
B PO3YMHAX 3 MiBUIIEHNM COTbOBYM (POHOM.

Y npoueci osonyBanna PPB ogHO9acHO poxoguTh
KiznbKa (isMKO-XiMIYHUX IepeTBOpeHb. BinbyBaeThcs
pyJIHYBaHHA KOMIIJIEKCIiB /I OpTaHiYHMX PE4YOBUH, IO
«OTPYIOIOTb» COpOEHTH. Y pe3y/IbTati pyiiHyBaHHS KOM-
IJIEKCHUX CITONTYK MOCTiDKYBaHi PaiOHyK/TiZiu IIepexo-
IATDb Y popMy, IpupaTHY o epeKTUBHOI cop6buii. BogHo-
Jac BiOyBaeThCs YTBOpeHH TBepHoi (pasu rizpoxcusis
i OKCUpiB MepexXifHUX MeTasiB, HaABHUX Yy BUXiZHMX
PPB, Ha sIKMX BiOyBa€TbCs CIBOCA[KEHH 11 aficopO-
nig pagionyknigis “°Co, **Mn, *’Cs Ta *°Sr.

MeTo10 po60TH € eKCIIepUMEHTAIbHE JOCTiI>KEeHH
YMOB OKMCHEHH: 030HOM OPTaHiYHMX KOMIIOHEHTiB MO-
nenbHUX posunHiB PPB peakTopis Tnny BBEP.

OO0’eKTHI Ta METOMU TOCTiIKEHH A

OCHOBHMMI OPTaHIYHMMU KOMIIJIEKCOYTBOPIO-
BasbHMMM Jtirangamu y cknafi PPB e E[JTA (Tpumon-b
a00 mMHATpilo eTV/IeH[MaMiHTeTpaalleTaT) Ta liaBIeBa
kucnora. Ilig gyac JocmifKeHHA OecTPyKLii oKpeMux
opra”idyHuXx ckaamosux PPB BukopucrtoByBanm pos-
yyH EJTA 0,04 Monb/gM® i po3uMH 11aBIeBOi KUCIOTH
0,02 monb/oM>.

Ckaj MOfIeTbHOTO PO3YNMHY He ymapeHux (Tpam-
HUX Boz) PPB 6y10 po3paxoBaHO 3 JaHUX yCepeJHEHOTO
cxmany PPB wotuprox AEC Ykpainu 3 peakTopaMu TUIry
BBEP i HaBezieHo B Ta6m. 1. [Jo MOfIe/IBHOTO PO3UMHY, KpiM
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cTabiNbHIX i30TOIIB CTPOHIIiIO Ta Le3iio, JOaBaIM MIiTKY
panioakTuBHUX i30TomiB *°Sr Ta *’Cs BU3Ha4eHOI aKTVB-
HOCTi. AKTMBHICTb PaJjiOHyK/Ii/jiB y MOI€/IbBHOMY PO3UMHi:
20Sr — 3,2 - 10* Bx/gm>; ¥7Cs — 3,45 - 10* bx/mm?®. Busna-
4eHHA aKTMBHOCTI *’Sr Ta '’Cs y po34MHax MpoBOANIN
MeTOfioM P-cHeKTpoMeTpii. 3arajapHa MiHepamisanis
pO34YMHY cTaHOBUTD 17,6 r/am’; pH posumny goBopman
mo 11,5 posunaom NaOH. Takox 0 po3unHy BBOAVIIN
docdaru 3 xoHenTpanierw 120 mr - P/gm?® Ta CITAP —
350 mr/am’ y ckmafi Muo4nx 3aco6iB — MOPOLIKY A1
mesaKTuBalii «3aXuCcT» Ta IIpajbHOro NOopomKy «Jlo-
Toc-M» y mponopuii 1: 1. TypbinHe Macio 10 MOJeNb-
HOTO PO3YMHY He I0faBaIN.

Ta6muus 1. Cknapg BUXigHOTO MoaenbHoro posuuny PPB

Kon-
Koniien- . AKTUB-
Kommo- . . | Kommo- | nenrtpa- | Pagio- .
ment | PoM | et misg, Mr/ | HYKIifg HICTD,
mr/mm? y Bx/om?
oM
BO,’” 1500 Co (II) 36,5 4K 550
Na 4600 | Mn (II) 8,5 0Sr 32000
K 1000 Sr (II) 45 B37Cs 34500
Cl 3500 Cs (I) 36
NO, 1600 Ca (II) 0,8 pH, = 11,5
SO, 4000 Fe (III) 0,7 t=60°C
H — 3
p 120 EJITA 100 ConeBmict = 17,6 /mm
CIIAP 350 C,0* 40

*laHi OTpMMAHO PO3PaXYHKOBUM METO/IOM.

ExcnepuMeHTanbHI JOCTi>)KEHHA OKMCHEHHS Op-
raHivHux KommnoHeHTiB PPB mposopunm 3 BuKOpu-
CTaHHSAM METOZY O30HYBaHHs 3a CXeMOI0, 300paske-
HOIO Ha puC. 1: 030H OTpUMYBalM B T€HEPATOPi O30HY
«Kpo3on-2001» OZP-6Y 3 nmpopyKTUBHICTIO po60oTH
2,51 O,/rop Ta mofgaBaau 030HO-MOBITPAHY CyMill i3
BUTPATOIO MOBITPAHOTO MOTOKY 1,2 M’/TOR Y KOOHKY
3HM3y (miamerp 3,5 i Bucora 31 cm) uepes gycrepraTop.
Y konoHky 3anuBaayu 100 cM® MOIETbHOTO PO3YNHY Ta
MIPOIyCKa/ly 030H MPOTATOM IIeBHOTO 4acy. Ilicia nmpo-
BeJIEHH: O30HYBaHHA NOCTiPKyBaHi pO3YMHI IIEPEHO-
CUIM B KOHI4HI KomOu MmicTKicTio 250 cM?, me BoHM ca-
MOCTIiJTHO OXOJIOf>KYBa/INCA O KIMHATHOI TEMIIepaTypul.
[Ticns nporo npoBonuau BusHayeHHs pH_3a onomorowo
ioHoMmipa «pH-160MJ» Ta XiMiYHOTO CIIO>KMBaHHA KUC-
Hi0 (XCK) 6ixpomataum MetofoM [7]. OcKinbku gocmif-
JKyBaHMII NIPOLieC T€TePOTE€HHU, JOCTiAY MPOBOJUIN
3 BUKOPUCTAHHAM iHEPTHOTO 36pPHIUCTOTO 3aBAHTA)XKEHHA

(cKIsTHI Ky/IbKY), IO FO3BOINIIO 30iMbNTH eeKTUB-
HICTb IeCTPYKLii opraHivYHMX KOMIOHeHTiB PPB muraxom
361/IbIIIEHH S IIOLI] OBEPXHi KOHTAKTY (a3 ZOoCIimxKy-
BaHOI pifVHN Ta 030HO-TIOBITPAHOI CYMIllli, @ TAKOX [
MOKpallleHHA NepeMilllyBaHHA B cucTeMi. [I11 Ko>XHOTO
IIPOMIXKKY 4acy O30HYBaHH:A IPOBOAVIN OKPEMUIL KO-
CITiJ] 3 yCiMa BUI€BKa3aHUMU JiIMMU.

O30H —=

250 M1

TenepaTop 030HY
"Kposon" OZP-6Y

|60°C|

CrakaH 3 BOIOIO |—

=100 a1

IMunisnp 3 posunHOM

Tepaonapa

Iucneprarop
Minramka

MarsiTHa Millanka 3 HarpiBagem

Puc. 1. Cxema focnifgHOI yCTAHOBKM [i/1s IIPOBEieHHA
030HYBaHHA

Kopexuis pH y 6ik mifBuleHHs [O3BOMSE OII-
TUMi3yBaTH MPOLeC O30HOMITUYHOIL JeCTPYKILii 32 paxy-
HOK crpsiMmoBaHoro nepetsopenns O, > -OH Ta edex-
TUBHOTO 33/Iy4eHH:A PAJMUKAJIB Y POLeC OKMCHEHHSI.
IligBumennsa pH npussoguTsh, no-nepiie, 10 IOMITHO-
ro IPUCKOPEHHA MPOLECY i, O-APYTe, 10 MiJBUILEHHA
e(deKTUBHOCTi BUKOPUCTAHHSA O30HY, TOMY IIPOBEJEHO
Iapajie/ibHi JOCIiAN 3 TPUBAIICTIO 030HyBaHHA 10, 20,
30, 40, 60, 80, 100 Ta 120 xB. Y KO>)KHOMY BUIIafIKy IIPO-
BOZIM/IV KOHTPO/b pH: BUMIMKaIN yCTaHOBKY Ta BUMIpIO-
Banu pH. Iorim goBogunu pH npo6bu no moyatkoBoi
BermmuuHM po3unHoM NaOH, Harpisanu go 60 °C i mpo-
TOBXYyBanyu 030HyBaHHA. 110 omepaiiio HoBTOprOBann
4yepe3 KoxHi 20 XxB 030HyBaHHA [4]. [Ticna npoBeneHHA
€KCIIEPVMEHTIB 3 ePiOANYHNM IiI/TyTOBYyBaHHAM PO3-
paxyBanu HeoOXifHY Ki/NbKIiCTb /yTy A/ Ge3nepepBHOL
J10TO IOfja4i MPOTATOM O30HYBAaHHA Ta MOBTOPIOBAJIN
€KCIIEPUMEHT i3 TIOCTiiHUM HiI/TyTOBYBaHHAM.

Ilig 4ac moCmif>KeHHsA O30HOTITUMYHOI BeCTPyK-
il EIITA 3HavyeHHs pH, cranosuno 12,09, a XCKO—
728 mr O/nm’, y BUTIafIKy 3 11aB/IEBOK0 KUCIOTOW pH —
11,40, a XCK — 94 mr O/p’®, y BUnagKy Mome/bHOTO pos3-
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unHy He ynapennx PPB pH —11,5,a XCK —77 mr O/nm’.
JI71s 0CTaHHBOTO XapaKTePHUI BMICT BEIMKOI KiTbKOCTi
COTIEN, OTKe Ba>K/IMBOIO XapaKTEPUCTUKOIO [IbOTO PO3-
YIHY € 3aTaIbHNII COTIEBMICT, AKMII CTAHOBUB 17,6 T/mM’.

PesynpraTy mocmifykeHHsA Ta 0OTOBOpEeHHS

HocmipxeHHsa epeKTUBHOCTI AecTpyKIii opraniy-
HJX PeYOBIH 030HOM 6e3 IiI/TyrOBYBaHH ITI0Ka3aJIo, 1110
3a IepioAMYHOrO MiJTyTOBYBaHHA KOXKHi 20 XB edek-
TMBHICTb eCTPyKIii 36imbpuryerbcsa Ha 15-20 %. Makcu-
MajIbHa e(eKTUBHICTD AeCTPYKIIil ZOCATHYTA IIiJ 4ac 1o-
CTi/IHOTO IMiJIyTOBYBaHHA 3 yTPMMaHHAM 3Ha4eHHA pH
Ha piBHi 11-12 oguan1b. 3a ABi rogMHM 06POOKM 030HOM
i3 mocTiftHMM miTyroByBaHHAM eeKTUBHICTD IeCTPYK-
uii E[JTA (puc. 2, a) cranoBuna 86 %, y pasi nepiogny-

100 l
| Y P Y , TITL LI At b/ A
T T A ........... A
AT g o .
60 T N Ll
’ il
V40 —= PRt
‘-.A IE @//
o Tice A
20 /g"’ﬂ: e _i
0 ﬂ/ |
0 20 40 60 80 100 120
ts XB

=< Bes mijuyr. ~E+-3 nepion. mimnyr. A+ 3 noct. nignyr.
a

HOTO IiI/TyTOByBaHHA — 73 %, 6€3 Mif/lyroByBaHHA —
58 %. Cnin BigsHaunTy, mo noBuuii posknan EIITA no N,
i CO, BuMarae sHaYHNIX €HEPIeTUYHMX 3aTPaT (6/IM3bKO
120 x[I>x/momnb komiekcy EJITA 3 kobansrom [8]), i ga-
cTilre 3a Bce BijOyBaeThCsA YaCTKOBUIL PO3K/Iaf, TOOTO
[0 IPUIIMHEHHA KOMIIJIEKCOYTBOproBanbHOi fiii EITA.
Y TakoMy BUIIafIKy MOXXTIMBE€ YTBOPEHHA NPOMIXXHUX
crionyk posknagy E[JTA (Hanpukiaf, HiTpuaoTprouTo-
Ba Ta aMiHOAMOLITOBA KUC/IOTH) [9].

BusHaueHo, 10 B mporeci 06po6Ky MOeTbHOTO
posunHy PPB 030HOM BinbOyBa€eTbcsA 3HaYHE 3HVKEH-
HaA pH: 3a aBi roguan 06po6xu 0,04M posunny EITA
(muB. puc. 2, 6) pH 3MeHIINIOCH i3 TOYAaTKOBOTO 3Ha-
yeHHs 12,09 o kiHeBoro 4,67; mpu 06po6iii 0,02M pos-
4MHY IaBaeBoi kucinotu (puc. 3, 6) — Big 11,40 mo 8,18;
MOJIeTIBHOTO pO34IHY He ynapenux PPB (puc. 4, 6) — Bix

™
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Puc. 2. 3anexuicts crynens gectpykuii (CII) ETA (a) Bix yacy 030HyBaHHsI Ta 3MiHa 3HaueHb pH posunny
(6) y mporeci 030HyBaHHS
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Puc. 3. 3anexxnicts C]I maBieBoi KucnmoTy (a) Biff 4acy 030HyBaHHA Ta 3MiHa 3HaueHb pH po3unny
(6) y mporeci o30HyBaHHs
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Puc. 4. 3anexsicts CJ] opraHiYHMX KOMIIOHEHTIB MOJIeIbHOTO pO34YNHY He yrapeHux PPB Bif yacy osoHnyBaHH (a) Ta 3MiHa
3HayeHb pH posunny (6) y mpolieci 030HyBaHHs

11,5 no 6,34. Ile MO>XXHa NOSICHUTU TUM, IO B IIpolLeci
IIPOIyCKaHHA 4epe3 pO3YMH O30HO-MOBITPAHOI CyMillli
Bifi6yBa€eThCs pO3YMHEHH I 3HAUHOI KiNTbKOCTi BYT/IEKIIC-
TIOTO rasy, AKUI yTBOPIOE B pa3i B3a€MOJii 3 BOJOIO BY-
I7IEKUCIOTY a60 B3a€MOfii 030HY 3 a30TOM IOBITPA 3 110-
Ia/bIINM YTBOPEHHAM y PO3unHi a30THOI KucinoTu [10].
OcCKinbKM 3a IeCTPYKLii OpraHiYHMX PEYOBMH 030-
HOM Bifj0yBa€eThcs 3HaYHe 3HIDKeHHA pH po3unny, 1o
B pe3y/IbTaTi 3HMXKYE epeKTUBHICTb AecTpyKuii, 6y10
BUPillIEeHO MPOBECTY MapaeNbHi JOCTiAN 3 YTPUMaH-
Ham Ha piBHi pH (11-12 ogunu1b) 1BOMA crocobamuy —
IepioAMYHUM 1 HOCTIIHNM Hif/TyTOBYBaHHAM.
EdexTuBHICTD fecTpyKuii maBreBoi KUCTOTH (IUB.
puc. 3, a) 3a MOCTIiffHOTO MiJIyTOBYBAHHA CTAaHOBUIA
51 %, y pasi nmepiogu4Horo mijgnyrosyBanus — 39 %, 6e3
nignyropyBaHHsa — 21%. TakuM 4MHOM, HeCTPyKIis
ozonoM EJITA sk 3 mijmyroByBaHHAM, TakK i 6€3 HbOTO
BifbyBaeTbcs HabaraTo e eKTUBHilIe, HIX AeCTPYKIIisa
11aBIeBOI KUCIOTH, ocKinbku EIITA Mae 3HauHO Oiblie
LMKIIiB 3 MOJIEKYJIOK0 JIiITaHAY, HiX IaBaeBa KMUCIOTa,
TOMY i 3HaYHO Kpallle MiIJa€ThCA 030HOi3Y.
Hecrpykuis ENTA (gus. puc. 2, a), maseBoi Kuc-
notu (guB. puc. 3, a) Ta MogenbHOrO po3unuy PPB (gus.
puc. 4, a) AK Hif yac MiJyIyroByBaHHA, TaK i 6e3 HbOTro
BiOyBa€ThCs B [1Ba eTANN: IEePUINIL, OiTbII MIBUAKUIA,
Ta Apyrui, 6inpur nosinbHmit. Ilepmnit etan 3akiH-
gyeTbcs BignosigHo g4 EJJTA Ha 30-y xBununy, gis
IIaB/IeBOI KUCTOTY — Ha 40-y XBUNIMHY, /11 MOJETBHOTO
posunny — Ha 20-y XBUIMHY 030HyBaHHA. HasaBHicTh
IOBOX €TalliB 3a eCTPYKILii 030HOM MO>XHa MOSICHUTH
TUM, 10 WBKUAKICTh BuTpatu -OH-pagukanis 6inbiia,
HIXK IIBUJKICTD €CTPYKLii OPraHiYHUX PEYOBUH, TOMY
SHVDKEHHS IIBUIKOCTI Ha JPYTOMY €Talli IOACHIOEThCA

HeOOXi/[HICTI0O HAKOMMYEHH I IIUX PAaJKaIiB. 3 iHIIOTO
60Ky, HasIBHICTb IBOX eTaIiB Moxe 6yTu 06yMOB/IeHa
YTBOPEHHAM INPOAYKTiB JeCTPyKIii opraHivyHMx pe-
yoBMH. Ha nepmomy erani NpoTikae HAKONMYEHHA iX,
TOOTO 030H BUTPAYAETHCS Ti/IbKM Ha OKMCHEHH I BUXI[-
HUX OpraHigYHuX pedoBuH. Ha gpyromy, konm npogyKxTu
TeCTPYKIIil B)Ke HAKONMYEH] B CYTTEBII KiTbKOCTi, 030H
BUTPAYA€EThCA AK Ha PYIIHYBaHHA BUXiIHMX OpPTaHIYHUX
P€YOBMH, TaK i Ha OKMCHEHHS NPOMiXXHMX IPORYKTIB.

HocnigXeHHs yTBOpeHHA NPOMIXKHUX IPOJYKTiB
BeCTPYKLii Ta IBUAKOCTI yTBOPEHHS BUIPHUX paju-
KasliB y 11iff po60Ti He 3/1i/ICHIOBAIOCD, TOMY OJfHO3HAUHO
BM3HAYUTY POJIb KOXKHOTO IIPOLIECY B 3aTajIbHil eCTPYK-
uii ENTA Ta maBneBoi Kucnotu HeMo>x1nBo. OCTaTOuHy
BiIOBiZAb MOXXHA OTPMMATH JIMIIE IIiC/IA MPOBEEHHA
6111 leTaIbHUX HOCTif>KeHb. HaliMeHIIIa TpuBamicTh
MIEePIIOTO eTaly AeCTPYKIii OpraHivHOI CK/Ia/IoBOI A1
MozenbHOro po3unHy PPB (nus. puc. 4, a) Biporigso €
HaCJIiTKOM TOTO, IIJO B IIbOMY pPO34MHi 3HAYHMUI BifICOTOK
opraHiyHMX pedoBuH cTaHOBIATH CIIAP, ki BigHOCHO
JIETKO MiJJAI0ThCA AeCTpyKLii o30HOM. Tak, yxe yepes
TOAVIHY O30HYBaHHS B MOJE€/IbHOMY pO34lHi He yrape-
HyX PPB npakTM4HO MOBHICTIO NPUIIMHANOCH IiHOYT-
BOPEHHA, 110 MOXKE CBIJYUTH IIPO MPAaKTUYHO IIOBHY fie-
crpykuito CITAP, mo MicTUINCh y BUXiTHOMY pO34NHi.

Jnsa MopenbHOTO po3unHy He ynapeHux PPB edex-
TUBHICTb CTaHOBMJIA BilITIOBiTHO 67 % 3a ITOCTilfTHOTrO ITif-
TYTOBYBaHHS, 52 % 3a epiofMYHOrO MilTyTOBYBaHHS Ta
36 % 6e3 mignyroByBaHHs (AUB. pUC. 4, a).

IIpoBeneni focnifxeHHs MOKa3aay, L0 BIIUB
MiJITyTOBYBaHHA Ha CTYIIiHb IeCTPYKLii IPaKTUYHO He
3aJIEXUTD BiJ] 9acy 030HYBaHH:, OCKiZIbKY PiSHUILA MiX
CTyIeHeM JeCTpPyKIii 6e3 miyTyroByBaHHA Ta CTyTIeHEM
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Puc. 5. Buims TpuBanocTi 030HyBaHHA Ha CTYIiHb
BU/Ty4YE€HHSA PafiOHYK/Ii/liB i3 pO3YMHY

[eCTPYKIii 3 MiUIyTOBYBaHHAM IIPAKTUYHO OJHAKOBA
B YCiX TOYKaXx.

Y mporjeci 06po6KM OpraHiYHUX PEYOBUH O30HOM
YTBOPIOIOTBCS HAHOPO3MipHi aMOpdHi ocaay Ha OCHOBI
okcuripparis 3amisa Fe (II) i Fe (III) [11], nHa noBepxHi siknx
BiiOyBaeTbcs ikcallisa pagioHyKIIifIiB 3a paXyHOK IIpO-
1ieciB criBocafiKeHHs Ta afcop6buii. Tomy 6y/o BupilieHO
JOCTiNTY 3MiHY KOHIIEHTpallill K0OanbTy, MaHTaHy Ta
aktuBHOCTI *Sr, *’Cs (puc. 5) i gac 06poOKM MOfeTbHO-
ro po3unny He ynapennx PPB osonom. Busnadeno, mo 3a
030HYBaHHsI Bi/j0YBa€ThCS OKMICHEHHSI Ta 3MEHIIIEHH T KOH-
LIeHTpallil MaHTaHy B MofieTbHOMY posunHi PPB Ha 94,3 %.
3a paxyHOK CIIiBOCaJP)KeHHs Ta aficopOLIii B MOfIe/IBHOMY
posunHi PPB sHmxyerbcsa aktuHicTb '¥Cs Ha 26 %, a *Sr
Ha 15,7 %. KoHIjeHTpa1is K06a/IbTy 3MeHIIyeThCA JIMIIE Ha
6% TIPOTATOM eKCIIePUMEHTY, 1[0 MO>KHa ITIOACHUTY YTBO-
PEHHSIM HaJI3BUYAITHO CTINKMX 1 CTabiTbHIX KOMIUIEKCHIX
CIIONyK KobasnbTy B posunHax 3 E[ITA Ta masreBoro Kuc-
notoio (psip IpBinra — Binbsmca), a TAKOXK 13 TPOMiXKHU-
M IPOAYKTaMy IXHBOTO PO3IafY, SIKi TAKOXX YTBOPIOIOTH
KOMIIIEKCHI CIIONTYKM 3 pafiioHykigamu [12].

BucnoBku

1. YcraHOBIIEHO, 1O B mpoleci 06pobku opraHiv-
HUX PEYOBMH O30HOM BifJ0YBa€ThCs 3HAYHE 3HIDKEHHS
pH, mo npusBoguTh K0 3HMKEHHA eeKTUBHOCTI Je-
CTPYKIIi.

2. BusnaueHo, mo HaliBuia epeKTUBHICTb Je-
CTPYKILii opraHiyHMX KOMIOHeHTiB PPB mocsaraerbesa 3a
MOCTITHOTO MifITyTOBYBaHHA PO3YMHY Ta yTPUMaHHA
pH na piBHi 11-12.

3. OpepXaHO JaHi, 0 MaKCUMaJIbHUI CTYHiHb
mectpykuii EITA B yMOBax eKCIlepyMEHTY 3HA4HO BU-

it (86 %), HixK gng masneBoi kucmotu (51 %), a Makcu-
MaJIbHMII CTYIIHb NeCTPYKIIil OpraHiYHMX KOMIIOHEHTIB
(EOTA, maBneBa kucnora, CITAP) MomenbHUX po3unHiB
PPB cranoBus 67 %.

4. JlecTpyKuis opraHiYHMX KOMIOHEHTiB PPB Biz-
OyBaeTbcs y ABa eramy: WBUAKMit (1o 40—60 XB eKc-
IepPUMEHTY) Ta MOBIIbHUIA, IO IMOBIPHO IOB’A3aHO 3i
HMIBUIKUM BUKOpUCTaHHAM panukaniB (-OH Ta -O) Ha
HepIIOMY eTalli ZecTPyKIii Ta HeoOXifmHiCTIO HaKOMIN-
YeHHA iX Ha JPYTOMY eTalli.

5. BusHaveHo, 1o ITifj Yac 030HYBaHHA Bifj0yBa€eTh-
€ OKMCHEHHA Ta 3MeHIIeHHs KOHLIeHTpallil MapTaHIjio
B MoferTbHOMY po3unHi PPB Ha 94,3 %. 3a paxyHOK cIIiB-
OCaJKeHHA Ta aficopbuii B MofenbHOMY po3unHi PPB
3HIDKYETHCA aKTUBHICTD ’Cs Ha 26 %, a *°Sr Ha 15,7 %.
KonueHTpanis ko6anbTy 3MeHIIyeTbCs Ha 6 %.

6. IlpunuHeHH:A MIHOYTBOPEHHA Yepe3 TOANHY 030-
HYBaHHs CBilYMTDb IPO MPAKTUYHO IIOBHY JECTPYKIiI0
CIIAP BuxigHOTO MOfIe/IbHOTO po3unHy PPB.
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Investigation of the Processes of Organic Components
Ozonolysis of Liquid Radioactive Waste Model
Solutions of VVER Reactors

The article highlights the problem of reprocessing of
liquid radioactive waste (LRW) from the Ukrainian nuclear
power plants with VVER reactors. The main method of
these LRW treatment is distillation (evaporation) and ion
exchange sorption. The final products of LRW processing
by distillation are distillation residues, spent sorbents
and sludges, and salt melt with significant radioactivity
accumulated in large volumes, which do not meet the
long-term storage and disposal criteria. So, it is necessary
to develop a new, more efficient LRW treatment scheme
that can solve the problems of large volumes of LRW and
transfer waste to a state suitable for long-term storage and
disposal. One of the important and challenging problems
of LRW treatment is the presence of organic components
(ethylenediaminetetraacetic acid (EDTA), oxalic acid,
synthetic surfactants (SPAR) in the waste, since these
substances complicate removal of radionuclides from the
LRW. The results of investigation of ozonolysis conditions
of LRW organic components are presented on the example

of a model solution with imitated solutions of disodium
salt of ethylenediaminetetraacetic acid and ethane diacid.
It was established, that ozonation of organic components
of LRW results in decreasing of pH value, which causes
reduction of their destruction efficiency. Control of the
pH values at the initial level (11-12 units) by permanent
alkalifying can increase the ozonolysis efficiency of LRW
organic components in 30 %. EDTA is better destructed
by ozone than ethane diacid. Destruction of LRW organic
components progresses in two stages: the first is fast and
second is low. The maximum of EDTA destruction degree,
in the experimental conditions, was 86 %; destruction
degree of ethane diacid — 51 %; maximum of LRW model
solution organic components (EDTA, ethane diacid,
synthetic surface-active reagent) destruction degree was
67 %. Due to co-precipitation and adsorption during the
solution ozonizing, decrease in Mn concentration in LRW
model solution reaches 94.3 %, '¥Cs activity decreases by
26 %, and *°Sr — 15.7 %, concentration of Co decreases
only by 6 %.

Keywords: liquid radioactive waste, ozonolysis and destruction
of organic components, sodium ethylenediaminetetraacetate,
oxalic acid, synthetic surfactants, cesium, strontium,

cobalt, manganese.
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Two methodological approaches for radioactive waste (RAW) certification used in RAW
management systems in Italy and France, are addressed. Their applicability was assessed
in solving certification problem of historical waste accumulated at the Chornobyl NPP
in comparison with the standard methods recommended by the IAEA. Testing new
methodological approaches was carried out on the example of solid RAW (SRW) of
operational origin, which were previously studied for the content of 24 radionuclides within
their composition. The procedures for testing researchable methods have used the criteria for
SRW acceptance for burial valid in SRW Treatment Plant, which met their current provisions
and those ones planned for approval. It was established that the use of quantitative criteria
applied in the algorithms of studied methodological approaches for radwaste certification
can significantly reduce overestimation degree of summary activity of waste packages by
way of removing from the list of difficult-to-measure radionuclides, whose presence can be
neglected in view of negligible risk of exceeding the activity limits established for them. The
methodological approaches addressed in this work allow optimizing radionuclide contents
subject to mandatory measurement, or calculated determination of their activity in waste
packages, and can be recommended to solve the problems when characterizing ChNPP’s
historical waste transported for their final disposal.

Introduction

nuclide inventories and concentrations, which are generally
limited by the safety assessment of repository and available

The radiological characterization plays an import-
ant role when decommissioning nuclear facilities and is
crucial in planning, implementing and optimizing the
decommission projects [1]. Effective characterization al-
lows determining the extent and nature of contamination,
providing the most important evidence to support facili-
ty dismantling, management of producible materials and
wastes, protection of workers, public and environment,
and associated costs estimates.

The disposal of radioactive waste requires the knowl-
edge of its radioactivity content in terms of specific radio-
nuclide concentrations [2]. This information is used by the
repository operator and/or regulatory body to trace radio-

operation license. The regulations for transfer and final
disposal of radioactive waste require that the inventory of
radionuclides for each package enclosing such waste were
estimated and declared. The specific activities are then
compared to the acceptance limits of national agencies for
waste management. The waste producers must ensure that
these limits were respected and distribution of quantities
of interest were estimated. To date, the management of sol-
id radioactive waste (SRW) in the Exclusion Zone of State
Specialized Enterprise “Chornobyl Nuclear Power Plant”
(SSE “ChNPP”) sent for burial in a specially equipped
near-surface repository for solid radwaste (SESRSRW) is
regulated by waste acceptance Criteria [3].
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The characterization of SRW is a comprehensive task,
especially when historical waste is involved. According to
[2], the historical wastes are those, which have been stored
for a long period before their characterization. Current-
ly, this type of ChNPP wastes accumulated over normal
work period of its power Units, is being stored in the
Building No 85 of Repository for SRW (RSRW) [4]. The
rules for SRW management valid in Exclusion Zone [3]
require identifying radionuclide content of each package
(batch) of wastes coming for its disposal with determining
specific and total activity of controllable radionuclides. At
the next stage of monitoring, specific and total activities
of all controllable radionuclides in packages are compared
to their permissible limits, and then they are checked for
non-exceeding of their ratio sums in relation to the es-
tablished criteria. The French National Agency for Ra-
dioactive Waste Management (ANDRA) uses a similar
approach to assess the hazard of packages and a special
term for this sum, called as IRAS from the French abbre-
viation: Indice Radiologique d’Acceptation en Stockage
(Radiological Acceptance Index in Storage) [5, 6].

Today, the list of radionuclides subject to declaration
in the ChNPP SRW consists of 25 nuclides [3]. According
to information available, the next version of Criteria (re-
vision 6) [7], which is now at its consultation phase, will
contain a list of 38 radionuclides to be declared in the
certificate for each waste package sent for burial. Many of
these relevant radionuclides cannot be measured directly
by nondestructive methods in radioactive waste packages.
According to [8], each nuclide of radionuclide inventory
is classified as follows:

Easy-to-Measure (ETM) nuclides, such as y-emitters,
which can be measured via non-destructive nuclear assay
(e. g., in-situ y-spectrometry);

Difficult-to-Measure (DTM) nuclides, such as pure-f3
emitters, which cannot be measured via non-destructive
techniques (e. g., they require radiochemical analysis of
samples);

Impossible-to-Measure (ITM) nuclides, such as
a-emitters, pure-B and low-energy X-emitters, whose
measurement is very difficult, and therefore, which are
quantified via simulations or calculations.

From the ETMs list, the dominant y-emitter, which is
called Key Nuclide (KN) or tracer, should be selected. The
KN is a nuclide, which is systematically measured in each
single waste package, with a relative long half-life (years
or dozens of years) and whose activity can be correlated to
DTM and ITM nuclide activities. When the radionuclide
inventory is available, the activity of DTM nuclides with
using so-called Scaling Factors method (SF, [9]) should be

evaluated, and calculations performed to estimate ITM
nuclide activities with using Correlation Factor method
(CF, [10]). The SFs and CFs are specific for each nuclear
facility, operational regime, radioactive waste stream and
DTM/KN nuclide pairs [2].

The experience accumulated underway nuclear
installation decommissioning, for example [6, 11-14],
demonstrated that it is difficult to predict the nuclide
content in very low-level, low- and intermediate-level
SRW by purely theoretical methods due to physical and
chemical processes involved in waste generation. In ad-
dition, experimental measurements of nuclide contents
are the only tool for testing any theoretical predictions
[2]. In practice, the procedure of empirical determina-
tion of SF values includes the sampling and laboratory
determination of radionuclide contents in the waste, sta-
tistical analysis of experimental data and selection of KN
based on evidence of correlation between the DTM and
KN nuclide activities [2, 13]. If a correlation is not found,
so-called “Mean Activity Method” (MAM) can be applied
for SF estimation [2, 15].

Finally, after a waste package is monitored by
a y-spectrometric system, DTM or ITM activities in this
package are then calculated by multiplying the measured
KN activity by SF or CF values. The resulting specific ac-
tivities of controllable radionuclides are compared to the
limits given by national regulatory bodies for waste man-
agement to check for waste acceptability in the storage
facilities. In our case, the acceptance criteria for burial
[3] are relevant ones. In the Fig. 1 taken as a reference
from [6], the main stages of radiological characterization
process of SRW are reflected.

However, for historical waste, another problem oc-
curs when certifying DTM or ITM nuclide activities in
the wastes sent for burial. It is as follows. A number of
studies, for example [4, 6, 14-16, 17], have shown that
the activity levels of a large number of DTM nuclides in
historical waste often may be at or below the detection
limits (DL or MDA — minimum of detectable activity).
The presence of samples with such low levels of DTM ac-
tivity of nuclides in the waste complicates significantly
the statistical analysis of laboratory control data and the
quantitative determination of corresponding SF values.
Application of the MAM method, which is used in many
countries for evaluation of such results [2], allows estimat-
ing the upper limit only of expected specific activity levels
of DTM nuclides in a package. This method of certifica-
tion leads to a significant overestimation of total activity
of these nuclides in the batch sent for burial. In the event
when this DTM nuclide belongs to the radionuclides with
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low limits on their total activity, such a circumstance can
lead to reduction of storage capacity, and therefore, to
their ineffective use.

In the recent years, the attention of a number of
researchers in various countries has been paying to im-
provement of efficiency of RAW radiological character-
ization during nuclear installations decommission, de-
velopment of algorithms allowing a balanced approach
to the determination of optimal composition of declared
radionuclides and, in particular, to identify more accu-
rately the total activity of waste packages sent for burial
(for example [1, 6, 11, 12, 14, 15]).

The current Criteria [3] provided for an algorithm
for comparing the characteristics of ETM and DTM nu-
clide activity with the limits for maximum specific and
total activity in the package. Unfortunately, in addition
to the provision that the methods and techniques used to
determine radionuclide composition should ensure the
determination of alpha- and beta-emitting radionuclides
with activity above the indicated lower bound of defini-
tion, the Criteria [3] do not provide a clear indication of
the basis, on which the decision is made on “zero declara-
tion” of radionuclide activity, i. e. indication in certificate
of symbol “-” instead of numerical value, when according
to measurement results the radionuclide activity is less
than MDA. It should be noted that in France the prac-
tice of using IRAS is not limited to checking only that its
critical values are not exceeded. If a radionuclide contrib-
utes to more than 1% of IRAS, its specific activity is to be
measured (direct measurement of ETM and use of SFs for
DTM), otherwise it is estimated with using the Correla-

tion Method (CF for ITMs) [6]. In [14], quantitative criteria
were proposed, which, according to their developers, are
quite appropriate to use when deciding on the presence or
absence of DTM radionuclide content in waste and choos-
ing the appropriate form for declaring their activity in the
package certificate. Such an algorithm is of particular rel-
evance for low activity levels of desired radionuclide in
waste (below or slightly above the DL), when it becomes
difficult to determine the exact value of SF.

The purpose of this article is to summarize new
methodological approaches to certify low-level radionu-
clides in radioactive waste, as well as to present the results
of their pilot use for historical solid waste from the Chor-
nobyl NPP, taking into account the current and planned
criteria for SRW acceptance for burial.

Objects and methods

The object of our research is historical SRW, which
was generated before 1986 accident and which was stored
in the Chornobyl SESRSRW. It is planned to bury this
waste after determination of radiation hazard levels based
on the results of monitored content of radionuclides in ac-
cordance with current criteria [3]. The subject of this work
is consideration of two methods, which have not yet been
used to characterize the Chornobyl SRW, but which can
be useful to solve the problems associated with the cer-
tification of low-activity DTM nuclides in their compo-
sition. Hereinafter, for easy comparison of data obtained
as result of their application, they are called as Method 1
and Method 2.

[ Identify a Radioactive Waste ]—

@ Direct Measurement }

A 4

Sampling and Scaling Factors }
A

\ 4

[ Calculate the Inventory ]‘ Key Nuclide

Quantify DTMs-ITMs J

\ 4 A 4

[ Calculate Hazard Factors J‘-

@[ Calculate Correlation Factors

STOP

Fig. 1. The main stages of process for SRW radiological characterization
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Determination of SF value method for low level
Difficult-To-Measure nuclides in waste (Method 1).
The description of this method is given as based on the
materials presented in [14], which analyzes the practical
activities associated with the management of low-level
SRW produced during the operation of nuclear power
plants and nuclear installations in Italy. The main atten-
tion in this work is paid to the problem of correct deter-
mination of SF for DTM nuclides, which makes it possible
to estimate the levels of nuclide contamination of various
materials and split them into different waste streams. This
is important, especially when it is necessary to compare
the measured data to activity limit (for example, clearance
levels) to make appropriate decisions about the choice of
technology for their treatment or burial. The presence of
very low concentrations (specific activity) of radionuclides
in waste makes it difficult to identify corresponding SF
from the measurement data. At the same time, the use of
MAM recommended by the IAEA for the results below
DL leads to a deliberately overestimated activity of DTM
nuclides in waste packages. The SF assessment method
proposed in [14] is intended to assist in making a decision
to confirm or exclude the presence of radionuclides when
verifying the compliance with activity limits with using
the example of clearance levels (see the Fig. 2).

Sample cannot be used
for SF definition

P— g = DLon 12

AETM

Fig. 2. Scaling factors’ decision flow chart:
A, and A — specific activity of ETM and DTM
nuclides, respectively; DL and A, — detection limit and

activity limit for DTM nuclide, respectively

The algorithm shown schematically in the Fig. 2 pro-
vides, along with the use of well-known standard proce-
dures for calculating SF, assigning its zero or non-zero
values, depending on which proportion (in percent) of es-
tablished activity limit (reference level) is the DL value for
a specific DTM nuclide. When illustrating the algorithm
proposed in [14], instead of “Nuclide concentration” sym-

bol, which was given in the original text, the symbol “Spe-
cific activity of a nuclide” was used in the elements of block
diagram. In the case when DTM nuclide activities exceed
the DL, in identifying the SF it is proposed to use method-
ological guidelines, such as [2, 9], based on the calculation
of its average value (arithmetic mean and geometric (loga-
rithmic) mean). It is known that the arithmetic mean will
tend to give a conservative value, while the geometric mean
will tend to give a more representative mean when the data
is distributed over several orders of magnitude. Logarithm
regression can also be used to estimate the SE. The choice
of one or another method for assessing the SF is widely
presented in JAEA documents and scientific publications,
for example [2, 4-6, 9, 11-13, 15]. In our case, the most
interesting is the part of algorithm that allows obtaining
SFE values for DTM of nuclides, whose activity is below DL.

The application of developed algorithm shall be based
on the following requirements:

in all samples taken for SF assessment, one ETM ra-
dionuclide at least must be detectable, and it shall be used
asa KN;

the detection limit must be correctly determined as
based on current regulatory documentation or on the basis
of procedure described in 1ISO11929 standard [18];

if according to the measurement results the activity
of some DTM nuclide in samples is below DL, and at the
same time DL value does not exceed 10 % of corresponding
activity limit (clearance level), the presence of DTM nuclide
in the waste can be excluded;

if according to measurement results the activity of any
DTM nuclide in samples is below DL, ., but the latter is with-
in the range of 10-50% of corresponding activity limit, the
presence of such DTM nuclide in the waste is impossible to
exclude. It is necessary to use a non-zero SF value estimated for
the case when the DTM activity of a nuclide has a rectangular
distribution within the range of 0 — DL, , and its average
valueis DL, /2 (a more cautious assumption from radiation
protection point of view).

Within the framework of our study, above method-
ological approach was tested on real data obtained by us for
ChNPP SRW [16]. To confirm or reliably exclude any pres-
ence of DTM nuclide in the characterized waste with activity
limits proposed in (3, 7], the DL values (MDA) were com-
pared to DTM nuclides, whose content in all samples, ac-
cording to measurement results, was below the DL declared
in laboratory report (ITM nuclides).

The test results were compared to the data obtained by
standard procedure [2, 9, 16] with identifying contribution
to total activity of each radionuclide subject to certification.
The total activity was determined with using the example of
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a SRW package in container form with 15-ton maximum
weight. In our example, summary activity of radionuclides
to be indicated in package certificate, was estimated for SRW
with a mass equal to 6.444 tons. This value corresponds to
its maximum value, based on capacity of empty contain-
er weighting 6.6 tons and cement mortar mass (1,956 kg),
which is used according to procedure for RAW preparation
before its burial.

To identify nuclide group contribution to summa-
ry activity, the nuclides were split as follows: *’Cs and
%Co — to ETM nuclides; *°Sr, *Nb, *'Am, “C, *H, **U
and #*U — to DTM nuclides and all other nuclides, whose
activities according to measurement results were below
the DL, — to ITM nuclides. To estimate the contribution
of nuclides from ITM nuclide group, relevant DL (MDA)
value was taken into account.

Method for assessment of wastes acceptability and
their hazard factors by IRAS value (Method 2). The
hazard factor, called IRAS was introduced by the French
National Radioactive Waste Management Agency (AN-
DRA) to quantify the acceptability of waste packaging for
disposal [6]. The IRAS is defined as:

IRAS =3 0
1 Lim
where A is specific activity (in Bq/g) of radionuclide i within a
package,and A, isactivity limit of radionuclide i. The activity
of ETM, DTM and ITM nuclides are estimated with using dif-
ferent techniques. To make explicit the contribution to IRAS
of each this family, Eq. (1) can be rewritten as follows [5]:

A

AETMZ ADTM ITM

J— > >m N 2

IRAS = E + E " + E - 2
1 Lim,| m Lim, m n Lim, n

The first summation accounts for specific activity of
ETMs nuclides, which is based on direct measurement
results. The second term includes contribution to DTMs
nuclide sums, whose activity is determined with using SF
method or MAM for the results including also the data
below DL. And the third summation evaluates contribu-
tion to IRAS of calculated DTM nuclides from the num-
ber of nuclides ITM — all data below the DL.

The waste is accepted for final disposal if each package’s
IRAS is below 10 and weighted IRAS of the batch is below 1:

ZIRAijMj
J
M,
J

where IRAS, is package j IRAS, and M, is its weight (in kg).

IRAS, ., = <1, (3)

A similar procedure is provided for in the criteria [3]
for acceptance of ChNPP waste at Exclusion Zone territo-
ry. However, the latter does not provide for any analysis of
individual radionuclide contributions to the sum (1), and
comparison with some limit values, as it is done in the IRAS
assessment. The contribution C, of a radionuclide i to the
IRAS is defined as:

Lim,i . (4)

If nuclide contribution to the IRAS is more than 1%,
ANDRA considers that it is necessary to measure it (di-
rect ETM measurement and Scaling Factor application for
DTMs), otherwise it is estimated with using Correlation
Method (ITMs) [6]. Such a procedure allows revising the
list of declared radionuclides and removing low-level ra-
dionuclides that do not impact the total activity of package.

In this study, above methodological approach was applied
to assess the contribution to IRAS by following equation (4) of
each radionuclide, whose activity shall be certified according
to the acceptance criteria [3, 7]. Since at the time of study [16]
the list of controllable radionuclides in SRW was limited by
document [3] requirements, the comparison with the values
of new reference levels that are planned to be introduced in
the near future [7] for a wider list of DTM nuclides was not
carried out due to lack of measurement results for them.

To determine the contribution of each nuclide group
to equation (2), the nuclides were split in manner like in
previous chapter. The contribution of DTM (ITM) nuclides
to IRAS package was estimated with using calculated val-
ues of their activity in the waste. Specific activity of DTM
nuclide was identified by multiplying measured specific
activity of KN in the waste (A, and A___for 'Cs or “’Co)
by the value of corresponding SF established for ChNPP
SRW in [16]. Thus, a software identification of DTM activ-
ity was simulated, provided in automated control systems
based on the results of direct measurement of KN activi-
ties, e. g., with using gamma spectrometry method. Based
on comparison of estimated value of contribution of each
nuclide to the total IRAS with 1% threshold value, a new
list of nuclides was compiled, which are subject to certifica-
tion by direct measurement of activity (in a SRW package)
or activity identification with using relevant calculation
method. The total activity was estimated for a SRW mass
equal to 6.444 tons. The test results were compared to the
data obtained for all radionuclides subject to certification,
without exception.
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Results and Discussion

Following the above methods methodology, for radio-
nuclides subject to certification within the list and regulated
by the requirements [3], the results presented in Tables 1-4
were obtained. The radionuclides in Tables 1 and 2 are ar-
ranged in the same order as in document [3].

Taking into account the fact that after repeated safety
analysis of ChNPP SRW storage facility, the document [3]
revision and its approval in new edition [7] were envisaged,
the results obtained made it possible to evaluate the tested
methods for the current and planned limits of radionuclide
activities in packages. As can be seen from the Table 1, for
some radionuclides, specific activity limits in [7] grew as
compared to [3] (from 1.5 to 17.6 times, on average — 5.3
times). For other nuclides, on the contrary, limit values
have become more severe, and for some other, they sharply
dropped by 4-6 orders of magnitude. This is a crucial point
in the discussion of results obtained, since the methodol-
ogy of tested methods is mainly based on identification of
list of radionuclides which shall be measured on the results
of comparison of observable nuclide activity levels in the
wastes with their limits allowable in the package for burial.

Unfortunately, the amount of experimental data on ra-
dionuclide specific activities in historical waste of ChNPP
[16] was initially limited by the requirements of document
[3]. For the same reason, analysis of results for extended list
of nuclides, which is proposed to be certified according to [7],
was impossible. The maximum values of levels of radionu-
clide specific activities in the wastes (A, ) werealso used to
assess the compliance of IRAS values with the limits allow-
able for individual packages (up to 10) under their disposal
in the compartments of waste storage facility.

Let’s see the results of tested Method 1 presented in Table
1. According to its algorithm (see Fig. 2), we had to identify
SF calculation options as based on the results of analyzed
measured levels of specific activity of radionuclides in the
waste, and to compare the DL values for DTM (ITM) nuclides
to activity limits. Or, if DL is not beyond the established limits
(0.L A, ,seein Table 1), to assign 0 value for SF. It means that
the presence of DTM nuclides in the waste can be neglected,
and their activity should not be taken into account when
identifying summary activity of the package.

As a result, all ITM radionuclides (all measurement
results containing A < DL) without any exception, were
not included in the list of those ones, whose activity
shall be taken into account when identifying summary
activity of the package. The following fact should be noted.
The introduction of new, more severe activity limits brought
only *Tc closer to the established limits. However, the

DL, /A, ratiodid not exceed recommended 10 % barrier;
therefore, the activity of this nuclide was not also taken into
account in the Method 1. Nonzero SF values correspond to
the data [16], which were calculated with using standard
procedure for their establishment. As expected, as a result
of this methodological approach, summary activity of SRW
in package has dropped. Quantitative characteristics of this
effect are given below (see Table 3) along with the evaluation
results of applied other calculation methods.

The Table 2 shows the results of tested Method 2.
Method 2 algorithm is built analogously to Method 1
algorithm, but uses other criteria to select the nuclides, whose
activity in the waste shall be measured or calculated (with
using SF or average activity method). The values of nuclide
activity limits (A . ) are given in Table 1. As expected, the list
of nuclides subject to mandatory certification in historical
waste has significantly changed. In terms of its composition,
it also radically differs from the result of used Method 1 (see
Table 1), since many nuclides were excluded because of their
contribution to IRAS made less, than 1%. For new Criteria
edition [7] with stricter activity limits, this list turned out to
be even narrower. The exceptions are '¥’Cs and *°Co nuclides,
which, despite their scanty contribution to IRAS, cannot be
excluded, since, first, they are KN, and second, as shown
below (see Table 4), their contribution to summary package
activity can make from 50 to 93 %.

In addition to the above, it should be noted that the
results shown in Table 2 for new revision of Criteria [7]
are characterized by abnormally high contribution to
the IRAS of *Tc radionuclide. It seems to us that this is a
consequence of the fact that for *Tc the activity limit is set
too low for ChNPP waste accepted for burial. As a result,
even the absolute value of IRAS in waste package not only
exceeded the value of 1, but also approached its critical
value (equal to 10) allowable for a separate package.

Critical analysis of new activity limits proposed in [7]
was not addressed in this work. However, on the assumption
that the specific activity limit in the package (A ) for
the above nuclide remains the same, we performed an
alternative IRAS estimate. As a result, for each radionuclide,
its contribution to IRAS was overestimated. In Table 2, the
results of realized alternative assessment are given in brackets,
but for those radionuclides only, whose contribution to
IRAS has significantly changed, and became of order above
1%. Even visually, it is possible to assess how the results of
alternative assessment differ fundamentally from the previous
assessment version, both in the number of nuclides requiring
certification and in their relative contribution to the IRAS.
Moreover, as it can be seen from the Table. 2, total IRAS
decreased to an acceptable value and did not exceed 1 (0,36 for
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Table 1. Results of applied Method 1 algorithm

Nuclide Amax*Bor <DL, A, ,Bq/g A__ orDL,in% from AL Comparison SF value
/g From [3] From [7] For [3] For [7] result
03t 13- 102 2.88 - 10° 3.50 - 10° 4.5-102 37-10° | A,,,>DL_. | 29-10"
5 <8.6-10? 3.85-10° 6.76 - 10* 2.2-10° 13-10% | DL, <0.1A 0.0
*Nb 9.5-10" 2.08 - 10° 7.77 4.6-10? 12-10' Ay, >DL . | 11-10"
PTe <5.8-10" 417-10° 161 - 10" 1.4 - 102 3.6 DL, <0.1A, 0.0
1291 <6.0-10° 9.09 - 10' 6.37 - 10! 6.6-10° 94.10° | DL, <0.1A 0.0
135Cs <0.1 8.07 - 10° 140 - 10° 12-10° 71.10% | DL, <0.1A 0.0
¥Cs 4.8-10 7.78 - 10° 1.96 - 10° 6.2-102 24-102 | A, >DL_ | 1L0(KN)
w5y 6.7 10 3.51 6.66 19102 10-102 | A, >DL_ | 59-10*
w6y <2.2-10° 1.54 - 102 439 - 10° 14-10° 50-10* | DL, <0.A 0.0
By 14 - 102 1.37 3.40 1.0 41-10" | A, >DL . | 19-10*
Np | <24-107 9.54 1.99 - 10" 2.5 10" 12-10" | DL, <0l1A 0.0
2ipy <29-10? 5.35 - 102 7.03 - 10° 54107 41-10* | DL, <0.IA, 0.0
29py <2.1-10? 4.80-10' 1.38 - 102 49102 15-102 | DL, <0.1A, 0.0
20py <7.7-10? 49110 143 - 10? 1.6-10" 54.102 | DL, <0.1A 0.0
21py <1.8-10" 2.53 - 10° 1.08 - 10* 7.1-10° 17-10° | DL <O0.1A, 0.0
22py <13-10° 5.00 - 10" 1.48 - 102 2.6-10° 8.8-10% | DL, <0.A 0.0
uAM 5.1 8.76 - 10" 3.73-10° 5.8 1.4 A, >DL, | 18102
MAm <0.1 5.42 - 10" 8.12-10' 1.8-10" 12-10" | DL, <0.1A _ 0.0
e 1.8-10" 130 - 107 5.31 - 10' 1.4-10° 34-100 | A, >DL_ | 2.8-10"
*H 3.6 3.77-10° 511 - 10 9.5.10% 71-10% | A, >DL_ | 80-10°
Be <0.5 2.50 - 10° 1.59 - 10* 2.0-10° 31-10° | DL, <0.1A, 0.0
*Ni <1.0 5.90 - 107 3.82- 10 1.7 - 10 26-10° | DL, <0.1A 0.0
“Ni <1.0 1.90 - 10° 491-10° 53107 20-10% | DL, <0.1A, 0.0
“Co 5.9 —xx 1.00 - 107 — 59.10% | A, >DL,. | 1L0(KN)

Note* — A according to laboratory control results [16]. ** — specific and total activity of “°Co is not standardized by document [3],
but is subject to declaration in certificate for package being sent for burial. KN is the designation of a key nuclide for which SF value is
conventionally assumed to be equal to 1.0.
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Table 2. Assessment of IRAS for historical waste package from the ChNPP
and contribution of nuclides to its value for two versions of Criteria for waste accepted for burial

Contribution to IRAS of nuclides subject to certification in waste packaging
Nuclide A, according to [3] A, according to [7]*
or IRAS Calculation for A_ Calculation for A Calculation for A_ Calculation for A
rel. units % rel. units % rel. units % rel. units %
9Sr 2.3-10* 3,3-1072 4.8-10* 3.3.10 1.9-10° 52-10* 4.0-10° 52-10*
SZr 1.1-10* 1.6-10 8.6-10* 5.9-107 6.4-10°¢ 1.7-10* 49.10° 6.4-10*
%Nb 4.1-10° 58107 31-10* 2.1-1072 1.1-10% 0.3 (3.1) 8.4-.102 1.1 (10.1)
9Tc 1.3-10° 1.8 2.6- 102 1.8 33 90.6 (3.6) 6.9 89.5 (3.2)
129 6.1-1073 0.9 1.3-107 0.9 8.7-10° 0.2 (2.4) 1.8-10 0.2 (2.2)
135Cs 1.1-10° 0.2 2.3-10° 0.2 6.4-10° 0.2 (1.8) 1.3-107 0.2
B7Cs 29-10* 4.2-107 6.2-10* 4.2-107 1.2-10* 3.2-10° 24-.10* 3.2-10°
»5U 1.3-10* 1.8-107 9.9-10* 6.8-107 6.8-10° 1.9-10° 52-10* 6.8-10°
V) 5.7-10° 0.8 1.2-1072 0.8 2.0-10° 55-1072 4.2.10° 5.4-1072
B8y 3.2-102 4.5 6.6 - 10 4.5 1.3-107 0.4 (3.6) 2.7:102 0.3 (3.2)
Z"Np 2.3-10" 324 4.7 -101 32.4 1.1-10" 3.0 (30.6) 2.3-10" 2.9 (27.4)
Z8py 4.7-10° 0.7 9.9-10° 0.7 3.6-10* 9.9-10° 7.5.10* 9.8-107
39py 3.9-107 5.6 8.2-10? 5.6 1.4-10? 0.4 (3.9) 2.8-107 0.4 (3.5)
240py 1.4.10" 20.1 2.9-10" 20.1 4.8-10% 1.3 (13.6) 1.0- 10" 1.3 (12.2)
H1py 6.5-10° 0.9 1.4-1072 0.9 1.5.10° 4.2-107 3.2-10° 4.2-107
#py | 10-10° 14 2.1-10° 14 34.10° 9‘?0';;) Tl 71108 9?0'.91;) :
MWAM | 47102 6.8 9.8-102 6.7 1.1-10? 0.3 (3.1) 2.3-10° 0.3 (2.8)
Am 1.6 - 10! 23.7 3.4.10" 23.7 1.1-101 3.1 (31.1) 2.3-101 3.0 (27.9)
uC 1.7-10® 2.4-10°¢ 1.3-107 8.7-10° 4.1-10° 0.1 (1.2) 3.1-107 0.4 (3.8)
‘H 49-.10" 6.9-101 1.0-10" 6.9-101 3.6-10 9.9-10% 7.5-10" 9.8-101
1Be 7.4-107 1.1-10* 5.6-10° 39.10* 1.2:10* 3.2.10° 89.10* 1.2-10?
¥Ni 6.1-10° 8.8-10° 4.7 - 107 3.2-10° 9.5.10° 2.6-10° 7.3-10* 9.5.1073
Ni 1.9-10° 2.7-10°¢ 1.5-107 1.0-10° 7.4-10°¢ 2.0-10* 5.6-10° 7.4-10*
“Co - - - - 7.7-1018 2.1-101¢ 59.10" 7.7 - 1071
IRAS 0.7 1.5 3.6 (0.4) 7.7 (0.8)

Note.* — Results of alternative variant of assessed radionuclides contribution to IRAS are given in brackets.
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Table 3. Evaluation of tested methods in comparison with the standard procedure for assessing radionuclide total activity
in waste packages and laboratory control data

Calculation method and variant
Compared | gtandard method Method 1 Method 2 On laboratory data
parameter
aver Amax aver Amax aver Amax aver Amax
Total 1.99-10%* 4.17-10°%
.. 2.79-10° | 6.20-10° | 2.06-10° | 4.35-10° 1.94.10%%* 4.09-10%* 1.59-10° | 4.03-10°
aCtIVItY’ Bq 9% % 9%
2.05-10 4.32-10
1.40% 1.49%
K1 1.00 1.00 1.35 1.43 1.43** 1.52*%* 1.75 1.54
1.36** 1.44**
1.25% 1.04*
K2 1.75 1.54 1.29 1.08 1.22%* 1.01** 1.00 1.00
1.29%%* 1.070¢*

Note. K1 — relation to calculation result according to the standard procedure. K2 — relation to calculation result according to laboratory
control data of representative samples. * — Results for V5 versions of the Criteria [3]. ** — Results for V6 versions of the Criteria [7].
>t Alternative assessment results for V6 versions of the Criteria [7].

A_.and 0,83 for A ).Sucha circumstance, in our opinion,
indicates that under the above-mentioned assumptions about
#Tc, the list of most significant radionuclides for ChNPP
historical waste appears more preferable and adequate.

The results of Methods 1 and 2 tested on the assess-
ment of total radionuclide activity in the package were
compared to the results of applied standard calculation
procedure (“standard method”) based on used SF, and
to the results of summed radionuclide activity in repre-
sentative waste samples according to laboratory control
data. As the Table 3 demonstrates, each of calculation
algorithms was applied for two versions of initial data
(1 — for average specific activity A_ _ and 2 — for maxi-
mum specific activity A___of radionuclides in waste). The
Table 4 shows assessment results of structure of summary
activity of waste in a package as based on the contribution
of different nuclides groups to its value.

When comparing the data given in Table 3, an un-
ambiguous conclusion can be made as regards: the tested
Methods 1 and 2 not only significantly reduce conser-
vatism degree of calculated value of total radionuclide
activity in a package (see parameter K1), but also signifi-
cantly bring its value closer to laboratory control data (see
parameter K2). Moreover, this effect is most pronounced
when used in the assessment of maximum levels of KN
activities in the waste. The list of nuclides subject to cer-
tification has also radically changed. At the same time, as
Table 4 shows, if Method 1 practically completely excludes
ITM nuclides from the determination of total activity of
package, then Method 2, on the contrary, forms a more

Table 4. The contribution of nuclide group to total activity

of a SRW package, %
Calculation method and variant
Group On
of Ssiiizd Method 1 Method2 |laboratory
nuclide data
aver max aver max aver Amax aver Amax
74.9% | 75.0%
ETM |53.3|50.5|72.0(72.0| 76.5** | 76.6** | 93.3 | 77.2
72.5%% | 72,504
1.3* 1.4
DTM |20.7[19.6| 28 | 28 | 0.0 | 0.I** | 5.2 |22.2
1.4*** 1.7***
23.8* | 23.6*
ITM |26.0{299] 0.0 | 0.0 | 23.5%* | 23.3** | 1.5 | 0.6
26.0700¢ | 25.8%¥**

Note. * — Results for V5 versions of the Criteria [3]. ** — Results
for V6 versions of the Criteria [7]. *** — Alternative assessment
results for V6 versions of the Criteria [7].

balanced list of nuclides based on the contribution of
DTM (ITM) nuclides in summary package IRAS.

Conclusions
The use of quantitative criteria proposed in the tested

methods allows significantly reducing overestimation de-
gree of total activity of a package due to removal from the
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list of difficult-to-measure radionuclides, whose presence of
activity in the wastes can be neglected in terms of negligible
risk for exceeding their established activity limits.

The methods addressed in this work, which are based
on used quantitative criteria, optimize the content of radio-
nuclides subject to mandatory measurement or calculated
determination of their activity in waste packages, and which
can be recommended to solve existing problems with the
characterization of low-level historical waste from Chor-
nobyl Nuclear Power Plant being transported for burial.

When the data are available on activity levels of ra-
dionuclides, which were not included in the consideration
within this work framework, repeated analysis of tested
methods efficiency shall be conducted with using extend-
ed list of nuclides planned to be certified in accordance
with the requirements of new revision of Acceptance
Criteria [7]. In our opinion, it would be very useful to
supplement the text of new Criteria revision with a term
analogous in its content to IRAS notion, which is used
in RAW management system at the territory of France.
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O. B. Muxaiinos, B. M. besmuios

Incmumym npobnem 6esnexu AEC HAH Ypainu,
syn. Kiposa, 36a, Yoprobunv, 07270, Ykpaina,

Ilfopo HOBMX METOAMYHUX MiAXOAiB 3 BUpillleHH
npo61eMy NacHOPTU3aIii iCTOPMYHNMX TBEPANX
pagioakTuBHuX Bigxonis YopHoomnbcpkoi AEC,
AKi HapaBAAIOTbCA HA 3aXOPOHEHH A

Hiroui B 30Hi Bif9y>KeHHA IpaBMJIa Iepefiadi i 0cTa-
TOYHOTO 3aXOPOHEHHs pafiioakTMBHMX Binxopis (PAB)
BMMAraloTh OL[iHKI Ta MacOPTU3allil aKTUBHOCTI pajio-
HYKJIifIiB Y KO>KHI YIIaKOBLI 3 BiXOfflaMM BifITTOBi/THO JIO 3a-
TBeppKeHoro neperiky. I g indopmariisa BUKOpUCTOBYeTbCS
OmneparopoM cXOBUIIIA J/Is1 KOHTPOJTIO 3aI1aciB i aKTMBHOCTI
panioHYKIifiB, AKi 3a3BMYail 0OMEXYIOTbCSA OLIIHKOIO
Oe3IeKy CXOBMILA Ta HASBHOIO JTI[EH3I€I0 Ha JIOT0 eKCIUTY-
ararifo. [Iy1s1 ONTMMANIbHOTO BUPIIIEHHS MUTAaHb, OB -
3aHUX i3 acIIOpTM3aLi€0 pafgioHyKIigHOro cKknazy PAB
B YIIAKOBKaX, IJO CIPAMOBYIOTbCS Ha 3aXOpOHEHH A, Mi>kHa-
ponHe areHTCTBO 3 aToMHOi eHepril (MATATE) pekomennmye
BJKOPMCTOBYBATy METOMIONOTIIO PaZliOHYK/IiTHNX BEKTOPIiB
(Scaling Factors methodology). Onnax mix gac 1i peamisamii
BYHVK/IY IIeBHi TPYIHOII, 0COO/INBO B YaCTUHI BUSHAYECH-
HA HU3bKUX PiBHIB aKTMBHOCTI paflioHYKJ/IifIiB, IJO BaYKKO
BuMiprooThcs (PBB), y Tak 3BaHuX icropmunux PAB, Hako-
IYeHyx 1ie o aBapil Ha Yoprobunbcekit AECy 1986 p.
Mertonu, AKi BUKOPUCTOBYIOTbCS Ha CbOTOfIHI, JO3BOMAIOTh
IIPOBOJVTY JIMIIE KOHCEPBAaTUBHY OLIHKY BMicTy PBB y Bifl-
XOJax, IO B KiHLIEBOMY MifICYMKY IIPU3BOAUTD [0 iCTOTHOTO
3aBUIIEHHA IX CyMapHOi aKTMBHOCTI B YIIAKOBKaX.

OcraHHiMM poKaMy yBara IOCIiZHMKIB Pi3HUX KpaiH
Oy’a HalpaB/IeHa Ha MiABUIEHH: eeKTUBHOCTI METOAIiB
pafiionoridyHoi XapakTepusanii mapriit PAB mif gac sHAT-

TS 3 eKCIUIyaTallil AAepHUX YCTAHOBOK Ta PO3POOKY ajl-
TOPUTMiB BU3HAYEHH:A ONTHMMAIBHOTO CKIaZy pagioHy-
KIIifiB, o migaaraioTsh ceprudikanii (macmoprusariii).
Lle cripusno 6 3HVKEHHIO CTyTIeHs ePeOLiHKY CyMapHOi
aKTMBHOCTI B yIIaKOBKaX 3 BiIXOfaMI, IKi HAIIPaB/IAOTbCS
Ha 3aXOpOHeHHA B cxoBuia PAB.

Y po60Ti pO3IIIHY TO B2 METORVMYIHIIX ITiTXO/IYI IO Cep-
TrgiKanii pagioHyK/IITHOTO CK/Iafy, AKi BUKOPUCTOBYIOTbCA
B cucTeMax NoBof>XeHHA 3 PAB Itanii Ta @panmii. [leprumit
3 HUX — MeTOJI BI3HAa4YeHH: Koedil[ieHTiB MacuITabyBaH-
HA 14 PBB y Bifxogax Ha OCHOBI TOPiBHAHHA BUMIpAHUX
PiBHIB MNTOMOI aKTMBHOCTI PafiOHYK/IifiB, y TOMY 9MCIi
y Burnani <MJIA (MiHiMaTbHO IeTeKTOBaHOI aKTMBHOCTI),
3 IXHIMM I'paHUYHMMU 3HAYEHHAMM 3TiJHO 3 KpUTEPiAMHU
NpUIIMaHHS Ha 3aXOpOHEHHs. MeTof| J03BOIA€ BUK/TIOUN-
T 3 posrAny PBB y pasi, ko jioro MJIA sHaxoguTbcsA
HIDK4Ye TIEBHOTO 3HAUYEHHsI, KPaTHOTO BCTAHOBJICHIN MeXi
aKTMBHOCTI (IPUITyCTMMA IMTOMA aKTUBHICTh B YIIAKOB-
1i). lpyruit — MeTopyKa OLiHKY IPUITHATHOCTI BiTXOZiB
i PpaxTopiB iIXHBOI HeOe3MeKM 3a BETMIMHOI ITapaMeTpa
IRAS (Radiological Acceptance Index in Storage). Metop,
TO3BOJIAE ONTUMi3yBaT! CIIVMCOK HYK/TifiB, IO MiJIATal0Th
060B’13KOBOMY BUMIPIOBAHHIO 00 PO3PaxXyHKOBIIT OLiHIIi
ixHpoi akTMBHOCTI y PAB Ha OCHOBI Ki/IbKiCHOI OLIiHK/ BHE-
CKY KOXKHOTO 3 HYKJILIiB, 10 MaloTh OyTH 3a/jeK/TapOBaHi
B Iacnoprti, B cymapHuii IRAS ymakosii.

3a pesynbpTaTaMy IPOBEIEHOTO JOCTIIKEHH BCTa-
HOBJIEHO, IO 3aCTOCYBaHH:A Ki/IbKiCHUX KPUTEPIiB, AKi
BUKOPVICTOBYIOTbCS B a/ITOPUTMaX BUBYEHNX METOANYHIX
nipxoniB go ceprudikanii PAB, nosBonse icToTHO 3HU3M-
TY CTYIiHb EPEOLIIHKM CYyMapHOI aKTMBHOCTI YIIaKOBOK
3 BiIXOflaMM 3a paXYHOK BUJja/leHHA 3i criicky PBB, mpu-
CYTHICTIO aKTMBHOCTI AKMX MOKHa 3HEXTYBaT! 3 TOUKHA
30py Mi3€pPHOCTi pU3MKY II€PEBUILEHH A BCTAHOBJIEHNX JI/IA
HIX MeXX aKTUBHOCTI. POSITIsIHYTi B po60Ti MeTOAMYHI ITifj-
XOJM JO3BO/AIOTh ONTUMIi3yBaTH CK/Iaf, paflioHyK/IifiB, IO
HifiIAraloTh 060BI3KOBOMY BUMIpIOBaHHIO 260 po3pa-
XYHKOBOMY BM3HA4€HHIO iXHbOI aKTMBHOCTI B YITAKOBKaX
BifiX0fiB, i MOXXYTb OyTV peKOMEHOBaHi /11 BUPIIIeHH
po6seM 3 XapaKTepy3alLi€ro iCTOpUIHMX Bigxonis Hop-
HOOMbcbKOI AEC, sIKi HalIpaB/IAIOTHCA Ha 3aXOPOHEHHS.

Knwuosi cnosa: pagioakTuBHI Bigxonw,
Yopuobunbscbka AEC, muTomMa aKTUBHICTD, MiHIMaTbHO
JEeTeKTOBaHa aKTUBHICTh, PafliOHy KT, IO BaXKKO
BUMIPIOIOTBCSI, PeLepHi pagioHyKmifn, ceprudikamis,
koediljieHT MacIITa0yBaHHA.
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Measuring the Equivalent Dose Rate Over the Shelter Object

after Completion of the New Safe Confinement
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An experiment on measuring the equivalent dose rate over the Shelter object after
the completion of the construction of the New Safe Confinement is described. Mea-
surements of the gamma radiation were performed in the time of commissioning of the
New Safe Confinement with the help of the sensor installed on its Main Cranes System.
The carriage with a sensor was moved by a chaotic trajectory so the method of missing
data interpolation was proposed. As a result, a cartogram of the distribution of the gam-

ma field at the level of movement of the bogies of the Main Cranes System of the New
Safe Confinement is provided in this paper.

Introduction

After completion of construction and commissioning
of the New Safe Confinement (NSC), 2019 was the year of ac-
tual completion of the “Shelter Implementation Plan” (SIP)
(1] project, which was funded by the international communi-
ty for the implementation of phases 1 and 2 of the long-term
strategy for the transformation of the Unit 4 of the Chor-
nobyl Nuclear Power Plant (ChNPP) into an ecologically safe
facility which was destroyed due to the accident in 1986 [2].

In the future, Ukraine will be faced with the task
of implementing phase 3 — the direct transformation
of the Shelter object (SO) facility, including the disman-
tling of unstable structures, radioactive waste manage-
ment (RAW) and the development and implementation
of technology for the extraction of fuel-containing masses
(FCM) from the SO. These activities will be carried out
under very difficult radiation conditions, both in respect
of gamma radiation equivalent dose rate (EDR) and aero-
sol activity.

Thus, in order to prevent personnel over-exposure
and based on the need to minimize the collective dose
during the implementation of Phase 3 of SO conversion,
the task of effective planning of activities based on the
current radiation situation at the SO will remain relevant
throughout the life cycle of the NSC. In its turn, such
planning will be inefficient without development of a
system for updating information on radiation situation
at the SO.

The conceptual decision to dismantle the SO is based
on the “top-to-down” principle [3]. It means the use
of Main Crane System (MCS) under the roof of NSC
to deliver mechanisms and personnel to the work ar-
eas, to extract the RAW and fragments of the SO, and
to perform other necessary works. The planning of such
activities requires up-to-date knowledge of the dose en-
vironment both in the work areas and at the height of the
MCS movement.

To date, the most relevant published studies of EDR
distribution on the roofs of the SO are dated 2002. [4].

© M. V. Saveliev, V. A. Krasnov, A. P. Levchenko,
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The lack of more relevant data is due to high dose loads
on the personnel required to perform these works, as well
as the absence of a proven technology for remote mea-
surement. The proposals of a number of organizations
to perform such measurements with the help of commer-
cially available drones were rejected by the ChNPP be-
cause of the justified risk of the control electronics failure
and the subsequent uncontrolled drone fall on the OS.

The works on completion of the NSC project, togeth-
er with the fact of creation in Ukraine the functional com-
patible device of the Mirion GIM204 type EDR measure-
ment unit (which make it possible to connect it to NSC
Radiation Monitoring System (RMS)) [5] has opened pos-
sibilities on placing of such device directly on the MCS
and performance of remote measurements of a gamma
dose distribution over the SO. As a result, the ChNPP,
together with the Institute for Safety Problems of Nuclear
Power Plants (ISP NPP) of the National Academy of
Sciences of Ukraine (NASU) developed Decision No.
0500/14-04 of the ChNPP Radiation Protection Shop
[6] on conducting such measurements in parallel with
the tests on putting into operation of the MCS.

The works on this Decision were distributed as follows:

The ISP NPP of the NASU developed the methodology
of the experiment and is engaged in interpretation
of the result;

The Institute of Mathematical Machines and
Systems Problems (IMMSP) of the NASU developed
the program and technical architecture and conceptual
mathematical algorithms;

The company “Digital Data Pro” developed software;

The company “Inter Atom Instrument” manufactured
and delivered the experimental device;

ChNPP placed the device on the MCS and ensured
an experiment with the participation of representatives
of the NASU and the developers of the device.

The results of these measurements are presented
in this article.

Input data for the experiment

Traditional methods of radiation situation mapping
assume the division of the investigated area into a condi-
tional coordinate grid (usually with a fixed step in both
coordinates). Further, the measurements at the nodes
of this grid are performed with the subsequent construc-
tion of isolines of the spatial distribution of pollution. If
the grid spacing is large, then it is necessary to estimate
the pollution at any point of space resort to methods
of spatial interpolation. For a two-dimensional coordinate

grid, these are usually the bilinear and bicubic interpola-
tion methods. In this case, it is considered that the factors
influencing the radiation situation are in a static state, i. e.
the radiation situation in the investigated area is practi-
cally constant in a reasonable time interval.

According to the design criteria, the resolution of the
MCS mechanisms ensures the positioning of the trol-
ley with the installed EDR detector with an accuracy of
+35 mm. The trolley can be moved at speeds of up to
15 meters per minute. The spatial position of the trolley
(and the bridge) is updated approximately once per second.

Gamma radiation detection unit itself provides mea-
surement in the range from 0.05 pSv/h to 10 Sv/h with
arelative error of + 17 % [7]. The actual data update is car-
ried out every 2 seconds due to the operation of micro-
computer software implemented in the detection unit.

In both cases, data on trolley location coordinates
and EDR readings are recorded in the NSC ICS histori-
cal database. In this case, the registration is based on the
principle of “on change” recording.

The existing restrictions in the MCS commissioning
test programme did not envisage the possibility of orga-
nizing the movement of MCS components along a regular
grid. Moreover, the participants in the experiment could
not significantly influence the trajectory and speed of the
trolley movement.

Thus, the decision was made to limit the data ob-
tained as a result of the actual movement of the trolley
with the measuring instrument and to estimate the miss-
ing data by spatial interpolation.

Research progress

The detector of the instrument was placed on the
“safe trolley” of the MCS with a slight offset from the cen-
tre of its movement axis, from the “north” side of the trol-
ley under its floor at the level of the lower plane of the
MCS movement, so that from above the detector shields
the MCS structural elements are placed (Fig. 1). It was
made to avoid potential effects of scattered gamma radi-
ation from NSC structures.

Several series of measurements were made. In all cas-
es the trolley movement and EDR readings were recorded
by the NSC’s ICS and archived on the historical server.

In order to eliminate the risk of data loss due to un-
stable communication with the instrument, all EDR
measurements were duplicated to the internal memory
of the device and were available for retrieval after com-
munication recovery. Direct synchronization of the de-
vice operation with the NSC’s ICS archive data server was
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Fig. 1. Placement of the instrument on the Safe Trolley of MCS

provided by a single NTP server for the device and NSC’s
ICS (precise time server, with network protocol support
for synchronization of the computer’s internal clock using
variable latency networks).

First experimental measurements

The purpose of the first experiment was to check the op-
eration of the device under conditions of dynamic movement
of MCS across the “working field” over the SO. Namely:

the influence of possible interferences from
the operation of the MCS electric power equipment;

the presence of possible “dead” zones, where there
is no radio communication with the device;

stability of the device interface with the NSC RMS;

stability of the device operation in high gamma fields
(more than 1 R/h).

After installation of the device, the ChNPP personnel
moved the safe trolley of MCS according to the planned
test program. The movement trajectory and time diagram
of the experiment are shown in Figs. 2 and 3, respectively.
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Fig. 2. Sensor trajectory over the Shelter object

ﬁ\ J W F\ \\I’L
- P —m

Fig. 3. Time diagram of the experiment

In the course of the experiment, a minimum value
of 230 uS/hr (in the area of the northern garage of the
NSC) and a maximum value of 28490 uS/hr (2.84 R/h)
were recorded. Thus, the main purpose of the experi-
ment — to check the operation of the software and hard-
ware complex of the device and to obtain raw data for de-
bugging mathematical algorithms — was fully achieved.
As aresult, it was decided to leave the device at the MCS
in order to record all subsequent data on EDR values
above the SO in automatic mode in the device memory
and (if possible) on the NBC’s IMS archive server.

On the basis of the obtained data, a software module
in Python language was developed, which made it possi-
ble to build a “thermal map” of EDR density distribution
over the SO. The direct visualization was performed using
the Seaborn module. The data obtained in this way were
processed as follows.

1. The rectangular segment in the plane under
the MSC was divided into squares with the side of 1
meter. Each square was assigned coordinates (x, y) —
corresponding to an integer number of meters from
the beginning of the MCS coordinates. The obtained
points are considered as nodes of a simulated EDR
distribution grid over the SO.

2. Iftrolley was above a certain square in coordinates
(x, y) of one or more time intervals t, — then the EDR
for this square (D, ) was defined as the arithmetic mean
of the detector measurements at the union of all the above
time intervals. A square meter with the calculated EDR
in coordinates (x, y) is taken as interpolation node, and
pairs ((x, y), ny) are taken as basic data point.

3. By means of bilinear interpolation methods,
the values in the remaining nodes of the modeled grid
are calculated from the known data base points.

As a result of the algorithm work, the following data
have been obtained (Fig. 5).

52 ISSN 2311-8253 Nuclear Power and the Environment Ne 4 (19) 2020



Measuring the equivalent dose rate over the Shelter object after completion

ZI15I0 21 2827 3033 36 3 Ar 45 4651 53 57 62 63 GG €5 72 75 78 6l 84 €

25

20

5

0
-
-
-

AR EERL L ER R R R AT AL R R L E-T- ARE

Fig. 5. Results of processing the first experimental data

As it can be seen in the figure, the calculated distribution
of EDR has a pronounced form in the form of oscillating
flame, and the contours of oscillation are clearly associ-
ated with the trajectory of the trolley.

A detailed analysis of the primary results showed
that there is an 8-second delay in the reading of the
BDBG-09 type EDR detector. That, when the trol-
ley moves from a “hot” place to a “cold” place, shifts
the “heat” pattern to a “cold” place and vice versa. Such
delay is typical for all detectors having microprocessor
processing and it is caused by delays in signal process-
ing and applied numerical filters. It should be noted
here that the lag effect for the original NSC RMS detec-
tor — GIM-204 — is more significant (about 30 seconds
at low activity).

Further measurements

As it was noted above, the EDR measuring device
mounted on the MCS provided functional compati-
bility with the standard radiation monitoring instru-
ments of the NSC RMS. Besides, the EDR readings are
duplicated in the device memory. This made it possible
to make a sampling of experimental data post factum,
after the completion of the complex of works on testing
the MCS, carried out by the ChNPP. And based on the
results of long-term observations during the commission-
ing with the help of stationary sensors of the NSC RMS,
which indicate that EDR under the NSC roof is in stable
condition and its changes are related only to the shield-
ing that occurs when the MCS is moved, it was decided
to combine the results of all measurements, including
the first one. The combined result of the measurements,
combined with the trajectory of movement, is shown
in Fig. 6.

RRgggszsfEscegRngd

Fig. 6. Total EDR sensor trajectory for all observed time intervals

Thus, a new dataset was selected, on which the cor-
rected algorithm for constructing the “heat map” was ap-
plied. The essence of the algorithm changes from the one
described above was reduced to the correction of the delay
time of the EDR readings relative to the actual position
of the cart, as well as the use of various methods for in-
terpolating the missing data. And here it should be noted
that a discussion of the “best” interpolation method is be-
yond the scope of this article.

Interpolation is performed by the method of iterative
reconstruction of missing data with the help of the closest
neighbours located at a single distance from the point un-
der reconstruction. The essence of interpolation method
is reduced to the following algorithm.

1. All the points whose values need to be
reconstructed are searched for.

2. For each such point, the nearest neighbours
located at a given distance are found. These neighbours
form a sample, in the terminology of mathematical
statistics. In this case, the distance is equal to one, and
the neighbours are located along the perimeter of a square
matrix of 9 cells.

3. Asavalue for the point to be reconstructed, some
weight function is applied. In this case, if the number
of neighbours is greater than or equal to 7, the median
of the sample is taken as the value of the point to be
reconstructed. If the number of neighbours is greater
than or equal to 3, then the value of the point to be
reconstructed is determined as the arithmetic mean
in the sample.

4. The algorithm is repeated until all the missing
points are reconstructed.

5. When all missing points are discovered a Gaussian
blur filter with radius 1 is applied on the whole map.

ISSN 2311-8253 SpepHa eHepreTnka Ta ZOBKi/UIs Ne 4 (19) 2020

53



M. V. Saveliev, V. A. Krasnov, A. P. Levchenko, et al.

Results and Discussion

The final calculated heat map of EDR distribution
over the SO after the NSC slide is shown in the Fig. 7.

It should be noted that there are different types
of interpolation available. The calculated heat map of EDR
distribution over the SO after the NSC slide by the Kriging
interpolation is shown in the Fig. 8. It gives probably more
conservative but quite similar results by identification
gamma anomalies over the SO. However, the verification
of the both methods were not performed and the problem
of “best” interpolation of EDR data on measurements on a
chaotic monitoring network requires further study.

The obtained result was integrated with the existing
3D model of the SO-NSC system. The result of such visu-
alization is shown in Fig. 9. As it was expected, the zone

3y . ' . . an
¢ - - E LS e = ¥

Fig. 7. Calculated “heat map” of EDR distribution over the SO
after NSC slide by the algorithm above

w

Fig. 8. Calculated “heat map” of EDR distribution over
the SO after NSC slide by Kriging methods

Fig. 9. Calculated “heat map” of EDR distribution over the SO
superimposed on the 3D model of the SO-NSC system

with the highest gamma rate is located close to the west side
of the SO. It could be easily explained by the closest dis-
tance between the sensor and structures of the SO during
measurements and the fact that while cleaning the roof
of the ChNPP just after the accident, the biggest and high-
ly contaminated (more than 1000 R/h) reactor’s core parts
found on the roof were dumped into the breakdown of 4
Unit exactly on this side. Here we could say that obtained
results are completely corresponds to existing studies of the
EDR distribution on the roofs of the SO dated in 2002 [4].

The gamma anomaly on the south close to reactor
hall could also be identified. However the measurements
done in 2002 show 2 anomalies when measurements show
only one. It will require future study and more detailed
measurements in this zone.

A new measurements show also an anomaly over
the reactor shaft, which are missing on the results ob-
tained 2002 [4]. This area will need more detailed inspec-
tion in the future.

Conclusion

The work performed made it possible to create an
operating technical system that ensures the actualization
of data on the EDR distribution over the SO. The data
obtained make it possible to continue research in the field
of assessing the current state of the SO.

The problem of “best” interpolation of EDR data
on measurements on a chaotic monitoring network re-
quires further study. And a verification approach for such
algorithms needs to be elaborated.

At this stage, the obtained result can be taken as a
basis for calculating the collective dose when planning
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the maintenance of the MCS of the NSC, for example,
using the tools of the ChNPP Visualization Center [8].

The obtained results of this work are planned to be
used as the basis for the creation of a technical vision sys-
tem to determine the radiation and technical state of the
SO during the planning and carrying out work to dis-
mantle its unstable structures.
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BuMiproBaHHA NOTY>KHOCTi €KBiBa/JIEeHTHOI 103
HaJ 00’€KTOM «YKPUTTS» MiC/IA 3aBePIIeHH
OymiBHMIITBA HOBOTO 0e31eYHOro KOH(aiiMeHTa

OmcaHo eKCIIepUMEHT IIOfI0 BUMipIOBaHHS eKBiBa-
JIEHTHOI 1031 11t 06’ekta «Ykpurtsi» (OY) mics 3aBep-
IIeHHs OyAiBHUIITBA HOBOTO Oe3neyHoro KoHgaimeHTa
(HBK). Hagani nepen, YkpaiHOIo ITOCTa€ 3aBoaHHA 3 fle-
MOHTaXy HecTabinbHux KoHcTpyKiit OY. IImanyBaHHA
TaKuX poOiT BMMarae akTyajabHUX 3HAHD I[OZIO O30BOI
00CTaHOBKM 5K y palfOHaX BUKOHAHH: POOIT, Tak i Ha BU-
CoTax IepeMilleHHs cucTeMu ocHOBHUX KpaHiB (COK).
BuMmiproBaHHA raMMa-BUIIPOMiHIOBaHHA NPOBOAVIIN
i 9ac BBefleHHA B eKcIUTyaranio HBK 3a gonomorozo
pospobneHoi B YkpaiHi cucteMi, sika QyHKIIiOHaIb-
HO eKBiBazleHTHa npunany Mirion GIM204 i noBHicTIO
CyMicHa 3 cucreMolo pagianiitnoro kourpomnio HBK. byno
BIKOHAHO JeKinbKa cepiit BuMiproBasb. Bisox COK 3 mart-
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YMKOM IepeMilllyBa/ly XaOTUYHOI0 TPAEKTOPIEI0, TOMY
6y/10 3aIIpOIIOHOBAHO METOJ iHTEepPHOIALIl BiICyTHIX
NaHKUX. MeTop peani3oBaHO Yy BUITIALI IPOTPaMHOIO
KOfy, a Bi3yasisallisl KapTorpaM pPO3IOAiTy raMMa-TIoNA
BMKOHaHa Y BUITIAJI «TennoBoi KapTu». Ilif 9ac inTep-
HpeTalii pe3y/bTaTiB BUMipIOBaHb BiI3HAYaBCS eeKT
3anisHoBaHHA BuMipioBaHb I1E]I, mo mif 9ac pyxy Biska
BiJ} «TapsY0TO» MICIIA IO «XOIOJHOTO» 3MIIIYE «TEMTIOBY»
KapTHUHY B OiK «XOTIOZHOTrO» Miclis i HaBmaku. Taxe 3ami3-
HIOBaHHS XapaKTepHE [I/id BCiX IeTEKTOPIB, 0 MalOTh
MiKpOIIpoIecOpHy 00pOoOKY, 1 Ije 06YMOB/IEHO 3aTPUM-
KaMM B 006poO1li CUTHAITY i 3aCTOCOBYBaHMMM YJCTIOBUM
¢inbrpamu. Sk pesynbrat, y 1jiit po6OTi MOKaHO KapTo-

rpaMy posHofiny raMMa-TIo/s Ha piBHi pyXy BiskiB COK
HBK. Po6oTa mo3Bomia CTBOPUTH [if09y TEXHIYHY CU-
cTeMy, 1]0 3a0e3IIedye aKTyaTi3allilo JaHNX PO PO3IIOAIT
ITE]] wapg OY. OTpuMaHmit pe3y/nibTaT MoXe OyTy B3ATHUI
32 OCHOBY pO3paxyHKY KOJIEKTMBHOI [JO3M Iif] Yac IjIa-
HYBaHHA TexHigyHOro obcmyrosysanHsa COK. V crarrti
POOMTBCA BUCHOBOK, LIO ITPO0O/IeMa «HaKpaloi» iHTep-
nonanii ganux IE]] 3a BUMipoBaHHAMM Ha XaOTUYHIl
MepeXi MOHITOPMHTY BMara€ mofaablioro BUBYEHH .

Kniouosi cnosa: 06’ €KT « YKPUTTSI», HOBUIL Ge3MeIHUIT
KOH(allHMeHT, pafiialliiiHe KapTorpadyBaHHA, FaMMa-
BUIIPOMiHIOBaHHS, IOTY>KHICTb €KBiBaJIEHTHOI JO3M.

Hagimna 20.08.2020
Received 20.08.2020
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BapianTu BupimenH s mpo6meMu 4aCTUH 00’ €KTa «YKPUTTSI»,
[0 BUCTYMAIOTh 32 MEe>Ki HOBOTO 0e31mevHoro KoHdaiiHMeHTa

Kntouosi cnosa:

Yopuobunbceka AEC,

00’€KT «YKPUTTS»,

HOBUII 6e3meyHnit KoH(DaTHMEHT,
BJCTYIAK0Yi YaCTUHN,
GaraTokpuTepianpHIII aHAII3,
MTOPiBHAIbPHMIA aHAJIi3.

Po3I/ISTHYTO NUTAHHS IOA0 KOHCTPYKIil 06’ €KTa « YKPUTTSI», 110 3a/IMIIVIINCS 32 Me-
KaMy HOBOro GesmevHoro koHgaiiHMmenra (Bucrymaroui gactuuu). IIpoBeneHo aHa-
M3 craHy OyAiBeNbHMX KOHCTPYKIIill BUCTYIAIOYNX YaCTUH Ta MiATBEPHXKEHO HEOO-
XiIHICTh BUKOHAHHS POOIT i3 mifcuaeHHs Ta/abo [EMOHTAXy HECY4NX KOHCTPYKIIIL.
CcdopMmynbpoBaHO MOXKINBI BapiaHTM IPpOBeJeHHA PEKOHCTPYKIii IMX yacTuH. Buko-
HAHO MMOPIBHSIPHMIT aHAJII3 I[Of0 BUOOPY BapiaHTIiB BupilleHHs mpobreMn 3 mifcu-
NeHHsI Ta/abo TeMOHTAaXy KOHCTPYKIiif BUCTYIIAIOUNX JaCTUH 00'€KTa «YKPUTTS» 32
IOIOMOrOI0 MeTOAy OaraTokpurepianbHoro aHanisy. HaBemeni pesyinbpraru aHamisy
TO3BO/IAIOTH 0OpaTy HaOIIbII BUTifHNIT BapiaHT BUpIIIEHHs [IOCTABIEHNX Lii/eil Ta
3aBJIaHb JI/IS1 MAKCUMAJIbHO 0€3IIeYHOrO Ta €KOHOMIYHO BUTiHOTO JEMOHTaXY Ta/abo
HifiCMIeHHsT KOHCTPYKLilt Buctynawodnx dacTr. OTpuMana indopmanis, AK BXifHI
maHi, Moxxe 6yTV BMKOPMCTaHA Mifj YaC MPOEKTYBAHHs PEKOHCTPYKILII YacTUH feae-
PaTOPHOI eTaXXepKy Ta MALIITHHOTO 3a/Ty 00'€KTa «YKPUTTsI», [0 BUCTYIIAIOTD 38 MEXI

HOBOTO 6e31eYHOro KoHpaitHMeHTa.

Beryn

ITicna cnopym>KeHHA CTiH OTOPOM>KYBaTbHOTO KOH-
Typy HOBoro 6esneuHoro koHgartaMenTa (HBK) mo ocsix
39165 o6’exta «Ykpurtsa» (OY) i HACYBaHHSA KOHCTPYK-
ii apku HBK y mpoekTHe MO/I0)XeHHs YacTUHA Oy/iBi
IT yepru Yoprobunbcbkoi AEC 3anmuuimach 3a Me>XXaMu
HosocTBopeHoi cuctremn HBK — OY. bynisenbHi kon-
CTPyKii i3 3aximHoi Ta cxigHoi cTropin HBK, mo He 6y
Hakputi HBK i He moTpanuiu B itoro 06’eM, oTpuma-
TV Ha3By «BMCTYIIAIO4i YaCTMHM». I3 3aXiHOI cTOpOHM
HBK Bucrymarmodi 4acTMHM MalOTh IPOTKHICTD 18 M
PasoM i3 4aCTMHAMM MAUIMHHOTO 3aJ1y i leaepaTOpHOL
etaxxepku (JE) mix ocsimu 65-68, a 3i cxifHOI cTOpOHU
HBK Bucrymnarodi 4acTMHM MalOTh MPOTAXHICTD 30 M
PasoM i3 YaCTMHaMM MAalIMHHOTO 3aiy i JIE Mix ocamu
34-38 (puc. 1).

JI7151 OIiHKM TeXHIYHOTO CTaHy OyHiBelTbHUX KOH-
CTpyKUiit MamuHHOrO 3a1y i IE y 2012-2013 pp. daxis-
namyu HaykoBo-fgocmifgHoro iHcTuTyTy OyAiBenbHUX
koHcTpykuin (HIIBK) 6ymo mpoBeneHo cmenianbHi
TOOCIiI>KeHHs Ta OTPUMAHO JaHi [/Is1 OLIIHKU MOXXJIN-
BOCTi Oe3aBapiifHOrO QyHKIIOHYBaHHA Oy/iBelTbHIX
KOHCTPYKIIiif BACTYNIAl0UMX YACTVH YIPOJOBXK YChOTO
tepMiHy ekcruryaTtanii HBK (100 pokis).

Y xopi gocnifkenb 6y10 posrisHyTo crenndivni
0COO/IMBOCTI OCHOBHMX HeCYy4YMX KOHCTPYKIIiif, OTOpoa-
JKYBaJIbHUX KOHCTPYKIii i MaTepiaiB MOKpUTTIB Oyi-
Be/Ib BUCTYTAI04YMX YaCTUH BiITIOBiTHO /10 IPOEKTY Ta
BMKOHAHO PO3PaXyHKM iXHbOI HECYYOi CIIPOMOXKHOCTI
3 ypaxyBaHHAM (aKkTOpiB oc/mabeHHs 3a nepiof mics-
aBapiliHOI eKCIITyaTallii.

Ha migcraBi oTpuMaHUX ZaHUX 6Y/IO BU3HAYEHO,
1110 Ha BUOIp pillleHHs MO0 IMOJA/IbIIOL TePCIIEKTUBY

© O. B. banan, C. I. Bpuika, B. B. [lepeHroscpknit,
JI. I. ITaBnoscpkuis, B. M. Pynpko, [I. O. XomeHko, 2020
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Puc. 1. Bucrynaroui yactuHu 06’exta « YKpUTTsI» 13 3axigHoi Ta cxigHoi cropin HBK (Ha puc. gaTu MaIlimHHOTO 3a71y)

BUCTYIAIOYNX YaCTUH 00’€KTa «YKPUTTA» i3 3axifHOI
Ta cxigHoi cropin HBK (puc. 2 i 3) BunBaoTh, 3 OGHO-
ro 00Ky, pU3MKM, AKi MOTEHIilTHO MOXXYTh BUHMKHYTH
B pa3i HeKOHTPOIbOBAHOTO 00Ba/IeHH:A LIUX CIIOPY/, 30-

BI‘[CTYI'[ilIO‘-IiI HYacTHHa

Puc. 2. Bucrynatoua yactrHa 06’eKTa «YKPUTT»
i3 3axigHoi croponn HBK

Puc. 3. Bucrynatoua yactuHa 06’€KTa «YKPUTTS»
3i cxigHoi croponu HBK

KpeMa pafianiiiai Hacmigkm i piHaHCOBI 3aTpaTy Ha TiK-
Bifjanjifo camoi aBapii, a 3 iHIIOT0 — CTYIIiHb 3a/Ty9eHHA
LIUX CIIOPY A /1A HOTpe6 MIOTOYHOI eKCIITyaTalii cucreMn
HBK — OV.

Crip 3a3Ha4MTH, 10 HA CBOTOHI 6araTo mpUMilleHb
I E excinyaTyoTbca. Ha HMKHIX TO3HAaYKaX BUCTYIIAIO-
voi yacTurm [IE 06’exTa « YKpUTTSI» 13 3aXiZHOI CTOPOHM
HEK posramoBaHi npumilieHHs, B AKUX QYHKIIOHYE
CUCTeMA TIOBOJ>)KEHHA 3 PIIKUMU PafiOaKTUBHUMM BifI-
XOfjaMy; Ha HO3Ha41i 5,800 eKCITyaTy0ThCA IPUMIilleH-
H CaHITapHOTO II/TI03Y, Ha no3Ha4Li 10,000 posramosa-
HUII CXO[0BO-Ti)TOBMIT 60K, 3a/§isTHUIT [JIsT OpraHi3aiii
HIIAXiB JOCTYIy IepCOHaNy Yy NIPUMIIeHHS Ta Ha II0-
kpiBno JIE i MamuHHOrO 3a1y. Y BUCTYaK049ill 9aCTUHI
JE 3i cxignoi cropoun HBK y 6inbuiocTi npuMmimnieHb
IPOK/IaJieHO MaTiCcTpanbHi kabenbHi iHII eHeprosa-
Oe3nedeHHs, eKCIIYaTyIOThCSA TPaHCHOPMATOPHI Mif-
CTaHIIii, PO3TALIOBAHO MIUTH YIIPABIiHHA, Y TOMY YMCITi
I IIUTY iHTeTPOBaHOI aBTOMAaTU30BaHOI CUCTEMM KOHTP-
oo (IACK) ta cuctemu ¢isnaHOro 3aXUCTy i KOHTPOTIO
pocrymy. Yepes J[IE mpoxopgATh IUIAXM JOCTYIY y IPUMi-
1eHHs 6710Ka B, 6710Ka JOIOMI>XXHIX CUCTEM PeaKTOPHO-
ro Bigginenus (JJCPB) i Tperporo 67oka.

Y nopiBusanHi 3 [IE y cxifiHil i 3aXigHil BUCTyNIaro-
91X YaCTMHAX MAalIMHHOTO 3a/1y BiICYyTHi IPUMillleHHS,
AKi eKCITyaTyIoThcs. PasoMm 3 TuM HeoOXifHO 3a3Ha-
YUTY, IO BUCTYIAK4Ya YacTMHA MAIIMHHOTO 3aly Ha
3aX0fji MeXYye 3 eKCIUTyaToBaHUM KoMnoHeHToM HEK,
a caMe LITI030M JOCTYIy IOXKEXXHUX MifpO3TiiB y MiB-
nennnit cekrop HBK. Bynb-saknit iHI[M/IeHT, TOB’A3aHNIT
3 aBapi€lo KOHCTPYKILili 3aXiHOI BUCTYIIaI090i YaCTUHMA
MaIIMHHOTO 3a/Ty, MOXX€ IIPU3BECTH IO JOBrOTPUBAJIO-
ro 6noxyBaHHs npoisay nig HBK, mo camo co6oro Hece
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HeraTMBHi Hacmigku. KpiM Toro, y 1iit 4acTuHi mpoMuc-
nosoro MalgaHunka HBK npoxopsates HagseMHi KoMy-
Hikamii HBK Ha ecTrakamax 3 BUCOKMMM i HU3BKUMMU
OIOpaMM, AKi TAKO)X MOXKYTb Oy TH ITOMIKOIKeHi ITifT yac
Herepe10auyBaHOTO PYiIHYBaHHA KOHCTPYKIIiil BUCTY-
mao4oi yacTuHM 06'ekTa «YKpUTTs». | HapemTi, mopyd i3
3aXiHOI0 BUCTYIIAI0YOK0 YACTMHOIO MPOXOAATH MIIAXA
TocTyIly nepcoHany fo Bxopy B HBK, n1a Akoro B ycix
BUIIaJIKaX MOBMHHA rAPaHTYBATIUCh Oe3IeKa.

TakuM 4mHOM, Ha MifCcTaBi pe3ynbTaTiB JOCII-
IPKEHb TEXHIYHOTO CTaHy KOHCTPYKIill i BUKOHaHUX
pPO3paxyHKiB 0y/0 3p06/IeHO BUCHOBOK IIPO Te, 110
Bucrynatoudi 3a Mexxi HBK wactunm cnopynu 11 geprn
Yopuobunbscpkoi AEC He BifjmoBigaroTh BUMoOram, siki
BIICYBalOTbhCA 10 KOHCTpyKLilt HBK, a ToMy KOHCTpyK-
il BUCTYMIAlOYMX YaCTVH MOBMHHI OyTu mimcuneni
260 MEeMOHTOBAHI.

BapianTu eMOHTaKy/IiiCH/IEHHA KOHCTPYKIIiif
BUCTYNAKYNX YaCTUH

CniBpobitHukamu IHcTUTYTy npobmeM Gesrexn
aromHux enexrpocranniit (IINb AEC) HAH Ykpainn
cminpro 3 HAIBK [1] 6ynn 3ampononoBaHi BapiaHTH
PEKOHCTPYKIil BUCTYNAOUYNUX JaCTVH 3 MiJCUTIECHHAM
Ta/ab0 HeMOHTa)keM HeCY4MX KOHCTPYKIiil A/ 3a1006i-
raHHA BUHUKHEHHS MOXK/IVMBUX aBapiil.

B 0CHOBY peKOHCTpPYKIIii BUCTYIAIOYNX YACTUH OY/I0
3aKJIaJIeHo [Ba BapiaHTV BUKOHAHHS HEOOXifHUX POOiT,
a came:

MiICUIeHHS 3 YaCTKOBUM JIEMOHTAaKeM i 3aMiHOIO
OyniBeTbHUX KOHCTPYKIIill 6e3 3MiHM iCHYI0YMX IO3Ha-
4yoK MammHHOTO 3any i IE (BapianT 131 1c);

MiICUIeHHS 3 YaCTKOBUM JIEMOHTAaKeM i 3aMiHOIO
OyniBeTbHUX KOHCTPYKIIili i3 3MiHOIO iCHYI0YMX IO3Ha-
4OK OyZIiB/Ii MalIMHHOTO 3a7y (BapiaHT 23 i 2¢).

Y TexHomnorivHOMY BifHOILIEHH] BapianTu 13 i 1c pe-
KOHCTPYKIIii BYCTYIIAI0UNX YaCTVH 6e3 3MiHM iCHYI0UMX
MIO03HAYOK OY/1iB/Ii MALIITHHOTO 3aJTy /IS 3aXigHOI Ta cXifl-
HOI BUCTYIAIOYMX YaCTUH BUIIANAIOTH TAKVM Y/HOM:

NEMOHTYIOTbCA IUTU HBOLATKOBOI METasIeBOi IO-
kpiBni [JE. I[loTiM 3iJicHIOETBCA HeMOHTaX/IifCUIeH-
HA IVINT NOKpuTTA [JE, BlalITyBaHHA HOBOI NOKPiBIi,
repMeTusalig Ta 0OMAlITyBaHHA 3 €HAHHA i3 CTiHOIO
oropopxysanbHoro KouTypy HBK. [lami BukonyoTbhcs
po6OTH 3 IeMOHTaKY/Ii/ICM/IeHH A IVIUT CTiHOBOTO OTO-
pomxenns [JE Ta 03006/m0BabHi po60OTH;

BEMOHTYIOTbCA IUTU NOLATKOBOI METaIeBOi IO-
KpiB/i MammHHOrO 3any. asi 3[iiicHIOI0TbCA po6OTH
3 IeMOHTAXXy/TIiCU/IEHH I KOMIIIEKCHYX IVIUT ITOKPUTTSA

MaIIMHHOTO 3aJ1y, BIAIITyBaHH: HOBOI IIOKPiBIIi, FepMe-
TU3allisA Ta 00/IALITYBaHH 3 €{HAHH 31 CTIHOIO OTOPOJ-
>XyBanbHOro KouTypy HBK;

BUKOHYIOTBCA POOOTH 3 IEMOHTAXKY/HiJCUIeHH S
e/leMeHTiB KapKaca (B'd3i, pepMu, IpOTOHY, KOJIOHU
toio). IToTiM 3MifiCHIOETBCS MeMOHTAX/IIi[CUTEHHA
ITaHesIell CTIHOBOTO OrOPOJ>)KEHHA MAIIVHHOTO 3aJTy Ta
03700/110BaIbHI pOOOTH.

Crrip 3a3HaYNTH, IO TEXHIYHMIT CTAH KOHCTPYKIIii
CXi/{HOI BUCTYIIaI090i YaCTUHY, AK O1/IbLI BifiTaTeHNX Bif|
€MiLleHTPY aBapii, Kpaluii 3a aHa/JIOTriYHi KOHCTPYKIii
3axiJHOI BUCTYIa0401 YacTUHU. TOOTO [/151 peKOHCTPYK-
1i1 BifIOBifHO 10 BapiaHTY lc 61/ XapakTepHUMU 6Y-
LyTb pobOOTY, TIOB’sI3aHi 3 Mi/ICUTEeHHAM KOHCTPYKIIiil 6e3
OEMOHTAXY IX.

Ilix gac peamisanii BapiaHTiB 23 i 2¢ peKOHCTPYKIIis
BUCTyIaro4uux 9acTyH JIE 371i/iCHIOETbCA aHAIOTiYHO Bapi-
anTaM 131 Ic, a 3MiHa iCHY 091X IIO3HAYOK IIPOIIOHYEThCS
TiIBKY 71 OB/ MaIIMHHOTO 3a11y. TakyM 4nHOM, Bapi-
aHTY 23 i 2C pO3ITIAKAIOTHCA MUILIE /1 MAIIVHHOIO 3a1y.

Ilig 9ac pekoHCTPyKLii 3axigHOI Ta cXifgHOI 4a-
CTVH MAIIMHHOTO 3a1y, [0 BUCTyNaoTh 3a MexXi HBK,
NEMOHTYIOTBCSA IUTU JOJATKOBOI MeTaleBOi MOKPiBIi,
€JIEMEHTH CTIHOBOT'O OTOPO/I>)KEHH A, KOMIUIEKCHI IITTUTH
MOKPUTTA Ta KPOKBAHI (hepMM MaIIMHHOTO 3a11y. Buko-
HYIOTbCSI pOOOTH 3 IEMOHTAXXY €/IeMEHTIB Kapkaca (Bs13i,
¢dbepmu, IPOroHN, KOJOHM TOIO), IPY L{bOMY 3IilICHIO-
€TbCA pi3aHHA KOJIOH [0 MOo3Hauky 12,000 (moBepxHA
IINTY TypOiHY MAIIMHHOTO 3a7Ty) i eMOHTAX IIUX 4a-
cTuH. [lani KpokBsHI (pepMM MAIIMHHOTO 3a/Ty MOHTY-
IOTHCS Ha BKOPOYeHi YaCTUHU KOIOH (rmosHauka 12,000),
HifICU/TIOIOTHCS Ta KPIIIATHCSA BA3SMY, pepMaMu i Ipo-
roHamu. ITicsst nporo 3MiICHIOIOTHCS pOOOTH 3 MOHTA-
Ky KOMIUIEKCHUX IUTUT MOKPUTTS, BAAIITYBAaHHS HOBOI
HOKPiBJIi, TepMeTH3alis i 06/malITyBaHHS 3 €IHAHHA
3i cTinolo oropopxysanbHoro KouTypy HBK. Ilicia
3aBepIIEHHA BUKOHYETbCA MOHTaXX CTiHOBOTO OrOpO-
I>KE€HHSA YaCTMHY MAIlVHHOIO 3aJ1y, IO 3aIUIINIIACh,
Ta 03506moBanpHi pobortu. Ha puc. 41 5 3a gomoMoroxo
KOMITI0TepHOI rpadiku 306pakeHO MOXK/IMBUIL 3aTrajlb-
HMII BUTJIAJ, 3aXiHOI i CXifHOI BUCTYIIal0YMX YaCTUH
00’ekTa «YKpUTTSA» IiC/IsA BUKOHAHHA poOiT 3a OHUM
3 BapiaHTiB PeKOHCTPYKIII.

BpaxoByroun ckmafHi pafianiiiHi yMOBU y IpuUMi-
I[EHHSIX 00’ €KTa «YKPUTTSI», 6e3MocepenHio OIM3bKICTh
KOHCTPYKIIiil BUCTYIIal0YMX YaCTUH IO CHOPYHM i JO
nobynosaHoi inppactpykrypu HBK, 3niiicHeHHs pe-
KOHCTPYKIIii BMCTYIAIOUNX YaCTUH 00’ €KTa «YKPUTTA»
€ 3aBIaHHAM JOCUTD CKIa[IHUM, 110 CHPUIMHUATD 3HAYHI
¢isnyHi Ta piHaHCOBI BUTpaTH.
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Pyuc. 4. Bucrynaouya yactiHa o6’ekra « YKpUTTA» i3 3aXifHoI
croponu HBK micrs pekoHCTpyKIiii (BapiaHT 23)

Puc. 5. Bucrynaroua yactiHa 06’eKTa « YKpUTTSI» 31 cXigHOI
croponn HBK micns pekoHcTpykiii (BapiaHT 2c¢)

MeTopyuKa NOPiBHAIBHOTO aHATi3y
JO3/BUTPAT/3UCKY

IlopiBHAHHA BapiaHTiB PEKOHCTPYKIIii 3aXiHOI Ta
CXiZHOI YaCTMH MaIIMHHOTO 3a7y, IO BUCTYMAKOTh 3a
MexXi oropomxysanbHoro KoHTypy HBK, BukonyeTbhcsa
Ha OCHOBi 6araToKkpuTepianbHOro mifxony [2] 3 ypaxy-
BaHHAM pekomeHpaniin MKP3 i sumor HPBY-97.

CyTb MeTOfy MONIATA€ B IMOOY/IOBi y3arajbHEHOTO
MOKa3HUKa e(eKTUBHOCTI pillleHH: y BUIIAI CYMU OK-
peMUX KpUTepiiB 3 HEBHUMM BaroBUMM KoediljieHTa-
MM, 10 BM3HA4YalOTh Ba>K/IMBICTh KOXKHOTO 3 KPUTEPiiB
IUISL IPUIHATTA pilleHHA. 3 Ii€I0 METO0 [I/IA KOXKHOTO
OKpPeMOro KpuTepiio 3[iiiCHIOETbCS OOyRoBa PpyHKIii
KOPUCHOCTI 1 (x), AKa BifjoOpakae 06/1acTh 3MiHU KOX-
HOTO 3 KpUTepiiB X y fianma3oH 3HadeHb Bix 0 mo 1 [1, 3].

I1ix yac mpoBeleHH A aHaTi3Y A/ KOXKHOTO BapiaHTa
BM3HAYa€ThCA y3aTralbHEHNI IOKa3HMK KOPMCHOCTI AK
CyMa BiJIIOBiTHIX (l)ym(nuiﬁ[ KOPMCHOCTI

Ui :Z;kj'”j(xﬁ)) M
=

3 BaroBumu Koedirienramu k, ki BUGHParoThCA TaK, 106

Zn:kal. )
j=1

Bup ¢yHKIii KOpucHOCTI u, i 3HaYEHH BarOBUX KO-
edinienTis k;, BUOMPAIOTHCA BIIOBILHO 10 Teopii npu-
MIHATTSA pillleHb 3a 6araTbox KpuTepiis.

I TOpiBHAHHSA BapiaHTiB peKOHCTPYKIIii 3aXifHOI Ta
CXi/{HOI YaCTVH MAIIVHHOTO 3a71Y, L0 BUCTYTIAI0TD 32 MEXKI
oropomxyBaabHoro Koutypy HBK, o6paHo Taki kpurepii:

C — BapricTb pobiT;

T — TpyROBUTpATH Ha BUKOHAHHS POOIT;

D — xonextuBHa edextubHa fosa (KEI) ompomi-
HEHH: NIePCOHAIY;

R — o6emu pagioaktuBHux Bigxoxpis (PAB), mo
YTBOPIOIOTbCS;

L — BB Ha IiSA/IBHICTD 3 EKCIUTyaTalii KOMIIJIEKCY
HBK — OY;

Q — BenmMuMHA pU3NKY NOTEHIIMTHMX aBapill mif 9ac
BUKOHAHHS POOIT.

Ilepmi yoTnpm Kpurepii € arperaTuBHUMY, a JBa
ocraHHi AKicHMMM. 3HadeHHA KputepiiB C (tuc. rpu), T
(mrom.-rox), D (rox.-3B) Ta R (T) BU3HAYAIOThCSA i Yac
OIPAlLIIOBAHHSA KOHLENTYaIbHUX IIPOEKTHUX PillleHb.

DyHKIi1 KOPUCHOCTI OYAYIOTbCSA, BUXOAAYN 3 Ta-
KX YMOB: B 00/1aCTi Ma/IiX 3Ha4eHb BapTocTi (260 f03m)
$yHKLia 1 (x) TOBMHHA MATH BICOKI SHaueHHs i1 6y T
MajIoYyT/IMBaA O 3MiH apryMeHTY; B 00/1aCTi BeTMKUX
3HaueHb BapTOCTi (60 f03u) PyHKIIiA uj(x) IMOBMHHA
MaTy HU3bKi 3Ha4eHHA §1 6yTV MajodyT/IMBa IO 3MiH
apTyMeHTY; B iHTepBaJli cepefHiX 3Ha4YeHb apryMeEHTY,
o 671M3bKi Mk co6010, PyHKIIis uj(x) [MOBMHHA MaTu
BJICOKY PO3JiNIbHY 30aTHICTb.

Y mporeci aganranii pyHKIii [0 mepepaxoBaHUX
yMoB 6y710 3HatieHo QYHKIIif0 6a’kaHOCTi cIieliaTIbHOTO
BIJTY, IO BiZiTIOBifla€ IOCTaB/IEHNM BUMOTaM,

u (x) = EXP(-0,7-(x/ A)*), (3)

mei=1,...,7; x — 3Ha4eHHA KpUTePilo; A — KOHCTAHTAa,
110 BU3HAYAETHCA AK CepeHE 3HAYEeHH i-TO IIOKa3HMKa
€KOJIOTiUHOI 6e3I1eKy BCiX PO3IISAHYTUX BapiaHTIB.

SkicHa oriHKa MO)Ke Oy TI TpOBefieHa Pi3HUMI CIIO-
cobamu. OgHMM 3 HalOiNTBLI JOCTYIHUX i 3MiCTOBHO
OOI'PYHTOBAaHMX METOJIB € METOJ, eKCIIEPTHMUX OL[iHOK.

Excnepram HeoOXijHO BUOpaTu [/ist KOXKHOTO 3 Ba-
piaHTiB 4mMca0 3 Takoro Habopy: 1 — HempuilHATHe
3HAa4YEeHHA; 3 — JIONYCTUME 3HaYEeHHs; 5 — IPUITHATHE
3HAaYeHHs; 7 — HaOLIbII NpUIHATHE 3HAYEHHS; 9 — ife-
aj7IbHE 3HA4Y€HHS; 2, 4, 6, 8 — MPOMIXKHI 3Ha4eHHA MiX
CycifHiMM 3Ha4eHHAMM LIKaJIN.
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BapianTu BupileHHs po6meMy 4acTUH 00 €KTa «YKPUTTS», IO BUCTYIAIOTD 33 MEXI

Ak saranbHy OIiHKY (pe3ynbTaT 0O6pOOKM JyMOK
eKCIIepTiB) MOXKe OyTU BUKOPUCTAHO CePeTHE 3HAYCHH A
a60 MefiaHHe 3HA4eHHA M.

cepern
L
: :Bz
i=1

ceped = L >

@)

B

Jie B, — o1jiHkKa i-ro excmepTa.
Yci BifnoBifli eKCNepTiB y MOPAAKY 3pOCTaHHA

By B Bs By Bs Bs B7 Bs By B Bn B

|| Ll o1 Ji 2

| |
[ LI Il T I |
3oHa 3

— ~
3omna 1 3ona 2

Puc. 4. llkana OLIiHOK eKCIIEPTiB

iXHiX 3HaYeHb PO3TANIOBYIOTHCA HA 3aTajIbHill MIKaIi
(puc. 4) i BUSHAYAOTH 30HY ONTUMi3MYy (30Ha 3: B -
B ), sony necumismy (30Ha 1: B -B,) i 30Hy cepefiHix
oniHok (3ona 2: B,-B,). [lo 30H 1 i 3 3apaxoByI0Th 110
Y4 BUCTaBJIeHNX OIIiHOK. Memiana M BuU3HAYa€ThCS IS
30HM CepelHiX OIiHOK 3a ¢popmyrnomw (4). Y miit MmeTo-
ouli MefliaHHe 3HaueHHA M NpuiiMaeTbCsA AK 3arajabHa
OIliHKa.

3 ypaxysanHaM Toro, mo C,, C, — BapTocTi pobir
posrnAHyTHX BapiaHTi; 1), T, — TPy[OBUTpaTy Ha BU-
KoHaHHA po6iT; D, D, — KE]I mpu peanisarii BapianTis;
R, R, — o6’emu PAB, mo yrBoprororsbcs; L, L, — Brnus
Ha AiAnbHICTD 3 ekcinyaranii kommnekcy HBK — OY;
Q,, Q, — BenMMYMHM PUBKUKY MIOTEHIITHUX aBapili, IPU
BUKOHAHHI POOIT /151 IIVIX BapiaHTiB y3ara/jbHeHi MoKas3-
HUKM KOPUCHOCTI OY[yTh MaTy TaKMil BUITIAL:

U, :é'(exp(—0>7'(2'c1/(C1+C2))4)+
+exp(=0,7-(2- T /(T +T,))") +

+exp(—0,7-(2-D, / (D, + D,))*) +
+exp(-0,7-(2-R /(R +R))")+ L, +Q),

®)

U, :é'(eXp(—0,7-(2-C2/(C1 +C,)))+
+exp(=0,7-2-T, / (T +T,))*) +
+exp(—0,7(2-D, / (D, + D,))*) +
+exp(-0,7-(2-R, /(R +R )+ L, +Q,).

(6)

Buropy peamisanii BapianTta 1 go BapianTa 2 AU
MO>KHa MPENCTaBUTH K

AU=U~U,. @)

Ta6muus 1. ITigcymMKoBa ekcriepTHa OLliHKA AKiCHUX
NMOKAa3HMUKiB /I MOPiBHAHHA BapiaHTiB peKOHCTPYKIii
3axigHoI Ta CXifHOT YaCTMH MAIIMHHOTO 31Ty, [0
BIICTYNAIOTh 3a MeXi oropomxysanbHoro KoHTypy HBK

Pesynbratn BapianT | Bapiant | Bapiant | Bapiant
aHasni3y 13 23 1c 2c

[TincymkoBa
eKCIIepTHa OlliHKa
BIIINBY Ha JiA/b-
HICTb 3 eKCIITya-
Talil KOMIITIEKCY
HBK — OY (1)

0,625 0,375 0,5 0,5

IlincymkoBa
€KCIIepTHA OLIiHKa
PU3MKIiB IIOTEH-
LiJHUX aBapii
NIpY BUKOHAHHI

pobir (Q)

0,5 0,5 0,5 0,25

SIkuio s pisHMIIS BUABUTBCA Oinblie HY/IA, TOAI
ToLinbHa peasnisania BapianTta 1. Axmo AU <0, To mo-
LlifbHA peanisanis BapianTa 2. Ile o3Hauae, o nepesara
Bi[ITa€TbCA TOMY BapiaHTy, B AKOTO 3Ha4eHHH y3arab-
HEHOTO I0Ka3HyKa KopyucHocTi U 6inblie.

OniHKa AKiCHMX MOKAa3HUKIB

J17151 OLiHKM AKiCHUX IOKa3HMKIB 6y/10 06paHo rpy-
Iy eKCIIepTiB i3 TppoxX 0ci6. BubpaHi excrieptu MaroTh
BiATIOBifIHY BMIIY OCBITY, JOCBiZ po6OTH 3a CIeljianb-
HICTIO He MEHIIe IBOX POKiB, 3HAHHA TEXHOJOTiN BU-
KOHaHHs poOiT Ha 06€KTax i3 pajianitHO-AJepPHUMMU
TEXHOJIOTisIMI, 3HAIOTD €KCIUTYaTalliliHy JOKYMEHTAIIil0
kommekcy HBK — OV/[1].

Crif 3a3Ha4NTH, 110 POOOTY 3 ZEMOHTAXKY/IiICUTIEH-
HA KOHCTpyKLii JIE 3axifHoi Ta CXifHOI BUCTYTIAIOYMX Ya-
CTUH 00'€KTa «YKPUTTsI» Yy Me)Kax BapiaHTiB 13123 Ta Ici2c
OIHAKOBI, TOMY /i1 IIOPiBHSIPHOTO aHAJIi3y J03/BUTpat/
3UCKY Y Liiit poOOTi IPUITHATI Ki/IbKiCHI TOKa3HUKY TI/TBKI
10 BUCTYAI0YMX YaCTMHAX MAIIVMHHOTO 3a/Iy MiXK OCAMMA
65-68 i 34-39 BimnOBiTHO.

ITizcymKoBa ekcIiepTHa OL[iHKa ITpeficTaB/IeHa B TaoL. 1.

Heo6xigHOI0 yMOBOIO ZOCTOBIpPHOCTi OTpMMAaHOI
OLIiIHKM € JOCTaTHill piBeHb y3TOIKEHOCTI JYMOK €KC-
nepris. Moro nepesipsioTh Ha OCHOBI aHani3y iucrepcii
OIIiHOK eKCTIepTiB Ha MPOMiXKy B,-B,: abconoTHa Be-
MUYMHA AUCHepcii He NOBMHHA nepesumyBaTtu 0,25 Bif
3HavYeHHA M (MemiaHHE 3HaYeHHS).
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Ta6bmuua 2. Bxigni fani KomTopucHoi BapTocTi
Ta TPYAOBUTPAT 32 3asIBIEHNMU BapiaHTamn [1]

Komropucna | Komropuchi
HaiimenyBaHHs po60oTn BapTICTb, | TPYAOBUTPATH,
THUC. TPH JIIOfI,.-TOf,
Bapianr 13
JleMOHTa>X KOHCTPYKIIiit 961,4 7282
ITigcuneHHA KOHCTPYKIii 4103,3 29882
Ycporo 5064,7 37164
BapiaHT 23
IeMOHTa>k KOHCTPYKILiit 2746,1 22434
ITigcuneHHA KOHCTPYKIii 1721,7 13844
Ycporo 4467,8 36278
BapianT 1c
JleMOHTa>X KOHCTPYKIIilt 947 7862
ITigcuneHHA KOHCTPYKILii 72249 54674
Ycporo 8171,9 62536
BapiaHT 2¢
JleMOHTa>k KOHCTPYKILiit 4751 39478
ITigcuneHHA KOHCTPYKIii 1167,7 9416
Ycporo 5918,8 48894

KomropucHa BapTicTb i TpyoBUTpaTn
3a BapiaHTaMM BUKOHAHHA PoOiT

JIlaHi BUKOHaHMX KOLITOPUCIB, B SIKMX PO3PaXo-
BaHO TPYAOMICTKICTb Ta BapTicTh poOiT i3 ;eMOHTaXy/
MiJICUIEHHs KOHCTPYKLil MalIMHHOTO 3aJ1y, HaBeJeHO
B TaOII. 2.

Jl71s1 OLliHKM TPYZOBUTPAT i BapTOCTi pobiT paxis-
nsamu HIIBK 6yno nmpoBeneHo aHasi3 poOiT 3a BapiaH-
TaM¥ PEKOHCTPYKIii BUCTYyIAal4YMX YaCTUH 00’€KTa
«YKpUTT:» i3 3axifgHoi Ta cxigHoi cropin HBK i pospa-
XOBAaHO OCHOBHi 00CATU HeMOHTaXXy ab0 HmifcuIeHHA
OyZniBeTbHUX KOHCTPYKIIiTL.

O1iHKa J030BUTPAT EPCOHATY

PospaxyHOK [030BUTpaT IepCcOHANTY BUKOHAHO 32
IOKyMeHTOM [4], 3aTBeppkeHuM MiHicTepcTBOM 0XO-
poHu 3nopo’st Ykpainu y 2004 p. Sk BuxifgHi gani gis
PO3PaxyHKY JO30BMX HaBaHTa KeHb IIEPCOHAITY OYII0 BU-

KOPMCTAHO JJaHi TPYBOBUTPAT 1A KOXKHOTO 3 BapiaHTiB
BUKOHAHHS poOiT, pafialjiiiHi XapaKTepUCTUKY Ha IIIs-
XaX JOCTYIIY Ta B MiCI|sIX BUKOHaHHS POOIT.

Crnip 3ayBakuTH, 0 KOIITOPMCHA TPYHAOMICTKIiCTD
POOIT BK/TIOYA€E BCi TPYOBUTPATH Mi/Ps/IHOI OpraHizalii Ha
Jac BKOHAHHI 3asB/ICHUX POOIT 3a KOHTPaKTOM. Buxomsrian
3 JOCBify peasisalil HORIOHNX MPOEKTIB Ha 00 €KTi « YKpUT-
Ts1», TPYOBUTPATH IIEPCOHAITY 6€3I0CepeHbO Ha POO0UMX
MICIISIX B yMOBaX 00 €KTa «YKPUTTs» CTaHOBIATH 10+30%
Bij] KOIITOPUCHOI TPYAOMICTKOCTI pobit. BapianTu mipgcu-
JIeHHS1/IeMOHTA>KY BUCTYTIAIOUMX YaCTUH 00 €KTa «YKPUT-
TA» i3 3aXifiHOI Ta cxifiHoi cTopiH HBK 3 Touky sopy ogHo-
MaHITHOCTI, BUZY [isUIPHOCTI Ta CK/IQfHOCTi pOOiT MOXKHa
BBaXKaTy MORiOHMMI. ToMy [/ OLIIHKM JO30BUTpAT Iep-
COHaTy IPUITHATO, 10 TPYAOBUTPATHU HA BUKOHAHHS POOIT
B 00'€KTi «YKPUTTs» 6e3[0CcCepeHbO Ha pOOOUNX MICIIAX
CTaHOBTIATD 10 % Bifi KOIITOPUCHOI TPYAOMICTKOCTI pOOIT.

KE]Jl 30BHIIIHBOTO ONPOMiHEHHS II€PCOHANY
(mrom.-M3B) BU3HAYa€THCA 32 HGOPMYTIO0

S,= K,y KT - T, ®)

ne K, — xoediuient sanacy Ha npoextysanHs; K, — ko-
edilieHT TepeXoxy Biff eKCIIO3UIIiITHOI 10311 30BHIIIHBOTO
OIIPOMiHEeHHA 10 epeKTUBHOI 031 30BHILIIHBOTO OIIPOMi-
HeHH s, M3B/P; I1]] — sHa4eHHA NOTY>KHOCTI eKCIIO3NUIIili-
HOI /{0311 30BHIIIHBOTO OIIPOMiHEHHsI B 30Hi pobit, P/rop;
T — TpymoBuTpaTy Ha BUKOHAHHA POOIT, JIIOM.-TOf.

HasopuMmo 3BefieHi NIOKa3HMKM [ialla30HiB ITOTYX-
Hocri fo3u (I1]1) y 30Hi BUKOHaHHS poOIT i puitHATE Ce-
penue sHadenns I1]], mP/ron. Ll BennunHa € ycepenHe-
HIM 3Ha4YEeHHM I10 BCiX PUMIIIEeHHAX, 10 3HAXO[AThCA
Ha I1iJf MO3HaYIIi.

3axiona sucmynaoua 4acmuna MauuHHo20 347y
(npumiwserns 6 ocax A-b/64-66)

ITpumimennsa Ha nosxayui 0,000 Ta mpocrip Bif

no3Hauku 0,000 mo mo3nauku 23,000 20
[TpumimeHnHs Ha nosHauui 7,400 90
ITpocrip Buie nosnayku 28,000 95
IloxpuTTS MalIMHHOIO 3a/1y Ha ro3Hauui 37,800 344
CxiOna sucmynaoda 4acmuHa MAUUHHOZ0 3aLy
(npumingerns 6 ocax A-b/38-40)
IIpumimennsa Ha nosHaui 0,000 11
IIpumimenHa Ha mosHauni 5,000 53
IIpumimenHa Ha nosHauni 12,000 62
ITpocrip Buie nosnayku 12,000 39
IToKpUTTA MaIIMHHOrO 3a7y Ha osHa4wi 37,800 77
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Ta6muus 3. Pesynpratu pospaxynky KE]] 30BHIIIHBOT0 ONIpOMiHEHH I TePCOHATY, IPUTHATI 111 BUKOHAHH A

PO3PaxyHKiB 03 HOTOYHOTO ONIPOMiHEeHH A

Haspa Ta Mmicluie BUKOHAHHS POOIT Tp};f}f;ffnam K3IT | KE |I11, P/rox | KELI, mrom.-m3B | Ycboro mrom.-M3B
Bapianr 13
JeMoHTaX KOHCTPYKILiit M3 B ocsx 65—-68 728 2 11 0,095 625 23238
ITigcunennsa KoHcTpyKUilt M3 B ocax 65-68 2988 2 11 0,344 22613
Bapianr 1c
HeMoHTaX KOHCTPYKILIiit M3 B ocsax 34-39 2243 2 11 0,095 1924 12399
[Tigcunenns koHcTpyKLit M3 B ocax 34-39 1384 2 |11 0,095 10474
BapianT 23
JeMoHTaX KOHCTPYKILiNt M3 B ocsx 65—-68 786 2 |11 0,039 674 5365
ITigcunenHA KOHCTPYKLiit M3 B ocsax 65-68 5467 2 11 0,039 4691
BapiaHT 2¢
JleMOHTa>X KOHCTpYyK1iit M3 B ocax 34-39 3948 2 |11 0,039 3387 1983
ITincunenHa KOHCTPyKLiit M3 B ocsax 34-39 942 2 11 0,077 1596

3HaueHHs pesynbraTiB pospaxyHky KE]l soBHim-
HBOT'O OIIPOMiHEHHA NePCOHAJTY 3 MiCU/IeHHA/IeMOH-
Ta)XkKy OyHiBe/IbHUMX KOHCTPYKIIlL, [0 BUCTYHAIOTh 3a
mexi HBK (Bucrymatoui yactTiam 06’ekra «YKPUTTA»),
mst BapiaHTiB 13123 Ta 1c i 2¢ HaBemeHO B Ta6I. 3.

Oninka o6csaris PAB

Y nponeci fisAMPHOCTI 3 pEKOHCTPYKLii MaIIMTHHOTO
3aJIy BijlloBigHO 0 BapiaHTiB 13123 Ta 1c i 2¢ 6yayTh
yTBOproBatucs PAB.

Il onjinky 06¢sariB PAB npuitHATI Taki IpuIyIieHHs:

yCs1 IIAIbHICTD i3 MifICM/TeHHA/IeMOHTa Ky BUCTYTIAIO-
9MX YACTUH 06 €KTa «YKPUTTsD» i3 3aXiJHOI Ta CXif{HOI CTOPiH
HBK npoBognTbca B TMX CaMUX 30HAX, fie 3HAXOATHCA
PafiioakTMBHO 3a0py/iHeHi KOHCTPYKIIii Ta MaTepiasi;

i/l 9ac IPOBEZIEHH 1 TOPiBHA/IBHOTO aHa/li3y BapiaHTiB
po6OTK 3 BuUAaTeHHS pafiioaKTUBHO 3a0pyZHEHMX Ma-
TepiaiB i3 MpUMillleHb MAIlIHHOTO 3a1Ty He 6epyThCA 10
yBaru, TOMy 1110 o6csry noteHniiuux PAB, y pasi Heo6xif-
HOCTI IXHBOTO BUTY4€HHSH, TPAKTIIHO OTHAKOBI.

Ilo PAB 6ynyTh 3apaxoByBaTHCh yci MeTaseBi Ta
3a1i300€TOHHI KOHCTPYKIIil, AKi OyAyTh leMOHTOBaHI
iz 9ac pobir i He OYAyTh 3HOBY BUKOPNMCTaHI Iif yac
PEKOHCTPYKIii MAIIMHHOTO 3a/ly Pa3OM 3i CK/IaJjOBU-
MU e/leMeHTaMI Ta PaMOI0O MOCTOBOTO KpaHa. Y 3B™A3-
KY 3 IIMM IIiJ] 9ac IpOBeJeHH A NOPiBHANBHOTO aHai3y
BapiaHTiB pO3IIAfaOThCA Tinbky PAB, AKi MOXYTD yT-

BOPIOBATHCS IiJ] YaC BUKOHAHHA JisI/IbHOCTI 3 MiJICUTIEH-
HA/IeMOHTa)Xy BUCTYIIAI0UMX YaCTUH 00'€KTa «YKPUTTS»
i3 3axigHoi Ta cxigHoi ctopin HBK (Ta6. 4).

PesynbTaTu NOpiBHANBHOIO AaHAI3y

[l aHasisy O3/BUTPAT/3UCKY CKOpucTaeMocs ¢op-
mynamu (5) i (6). Yei BxinHi faHi, HeoOXifHi /11 BUKOHAH-
Hs aHa/li3y, HaBeIeHO B Ta0I. 5.

Buropy peanisanii BapiaHTa 1 BiZTHOCHO [;0 BapiaH-
ta 2 AU pospaxyemo 3a popmyrnomw (7). PeaynpraTu Ha-
IIMX PO3PaxXyHKiB MpeACTaB/IeHO B Ta0L. 6.

I1ig yac MopiBHAHHA BapiaHTiB PEKOHCTPYKIIil 3aXifl-
HyX JacTuH JIE i MallMHHOTO 3aiy, 110 BUCTYNAIOTh 32
Mexi oropopkysanbHoro KouTypy HBK, pisauisa nokas-
HIKIB JBOX BapiaHTiB y3araabHEHOI KOPMCHOCTi CTaHO-
Butb 0,01 < 0. Ile o3sHavae, mo BapiaHTH 13 i 23 MalOTh
MalbKe OTHaKOBi y3araabHeHi TOKa3HUKM KOPUCHOCTI
i1 piBHOLiHHI MK c06010.

Tabnuusa 4. O6caru PAB

ISSN 2311-8253 SpepHa eHepreTnka Ta ZOBKi/UIs Ne 4 (19) 2020

Marepianmy, Bifi- | Bapiant | BapianT | BapianT | BapianT
HeceHi o PAB 13 23 1c 2c
Meranesi 0,48 1785 | 200 | 6742
KOHCTPYKILi, T
Sanisoberonni | 30,5 | 307 - 166,4
KOHCTPYKIi, T
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Tab6muus 5. MaTpuisa BXiZHUX JaHUX

Kpu- I3 saxigHoi yacTMHM 3i cxigHOI YacTMHM
Tepit Bapianrt 13 | BapianT 23 | BapianT 1c | Bapiant 2¢
C, 5065 8172
C, 4468 5919
T, 3716 6254
T, 3628 4889
D, 23238 5365
D, 12399 4983
R 308 20
R, 486 841
L, 0,625 0,5
L, 0,375 0,5
Q, 0,5 0,5
Q, 0,5 0,25

Tabnuus 6. 3HaueHHs y3araTbHEHNX OKAa3HUKIB
KOPMCHOCTI Ta iXHs PisHMILA 171 BAPiaHTiB PEKOHCTPYKIil
3axipgHoi Ta cxignoi yactuH JE i MammHHOrO 3a1y,

10 BICTYIAKOTh 32 MeKi oropomxysanbHoro Koutypy HBK

CxigHa yacTuHa
Uz_Uz
0,07

3axigHa yacTuHaA

U U u-u, | U, U

1 2 1 2

0,49 0,50 -0,01 0,51 0,44

Ilig 4ac mOpiBHAHHA BapiaHTiB PEKOHCTPYKIii
cxigaux yacTuH JJE i MaIIMHHOTO 3a11y, 110 BUCTYIAlOTh
3a Mexi oropopxysanpbHoro KoHTypy HDBK, pisHuns
ITOKAa3HMKIB IBOX BapiaHTiB y3arajqbHEHOI KOPMCHOCTI
AU = 0,07 > 0. Lle o3navae, 110 BapiaHT 1c Ma€ HE3HAYHY
nepeBary Haji BapiaHToM 2c.

BucnoBku

Ouinka JaHNX [OCTI[)KeHb Ta BUKOHAaHUX pO3pa-
XYHKiB HECy40i CIPOMOKHOCTi KOHCTPYKIIill BUCTyTal0-
9IX YACTVH 00 €KTa «YKPUTTSI», 3 ypaxyBaHHAM (PaKTopiB
ocabieHHs 3a Mepiof Mic/Is aBapiliHOI eKCIUTyaTanii,
BKasye Ha HEMOXK/IMBICTD rapaHTii 6e3aBapiltHOro QyHK-
11ioHyBaHHs OyZ[iBeIbHNUX KOHCTPYKIIiil BUCTYIIAI0UMX Ya-
CTMH YIPOJOBX ycboro TepMiny excruryatanii HBK (100
pokiB). Tomy BucTymatoui 3a mexxi HBK wactiam ciopyu
II veprn Yopuobunbcpkoi AEC He BifoBigaoTh BUMO-
raM, o BUCYBalOTbcA o KOHCTpykuiit HBK, i Boru mo-

BUHHI 6yTy mifcuieni abo gemonroani. lls mpo6nema
HOTpebye BUPILIEHHS B KOPOTKOCTPOKOBIII IIepCIIeKTUBI.

Ha mincTaBi pe3ynbTaTiB BUKOHaHOTO aHaJi3y 3a-
NPONOHOBAHUX BapiaHTiB AN 3axifHoOI Ta CXifHOI
BUCTYIIAIOUMX YACTUH 0O'€KTa «YKpUTTSI» 6e3 3MiHU
IIPOEKTHNUX ITO3HAYOK 200 31 3MiHOI IPOEKTHMX MO3Ha-
YOK MAIIVHHOTO 3aJ1y 3a y3araJIbHEHMMM ITOKa3HUKaAMMU
KOPUCHOCTi 06paHi BapiaHTU Bipi3HAIOTHCA HECYTTEBO,
TOMY IX MOXXHA BBaXKaT¥ PiBHOLIHHMMM MiX c06010.
OcraTouHe pillleHHs BIOOPY ONTUMANIbHOTO BapiaHTa
PEKOHCTPYKLIi BUCTYIIAI0UMX YaCTUH 00'€KTa «YKPUT-
TS1» MOXKe Oy TU IPUITHATE IiC/IA IPOBeeHHA IeTaisail
TEXHOJIOTIYHMX pillleHb Ha eTalli IPOEKTyBaHHA PEKOH-
CTPYKILii BUCTYNIAI0OYMX YaCTHH Ta NEPESIPOEKTHUX [O-
CITifKeHb pafialiifHOro CTaHy B 30Hi BUKOHAHHS POOIT.

CdopmynpoBaHi MOXK/IVBI BapiaHTH IIPOBEJeHHS pe-
KOHCTPYKIii 3aXifHOI Ta CXiZHOI BUCTYAl0YNX YaCTUH
00’ekTa «YKPUTTsI» Ta aHAII3 MOXX/TMBOCTEN BUKOHAHHS
pobiT B ymoBax ¢ynkuionysanasa cucremu HBK — OY
IOBOMOATH, IIO TaKa MisAbHICTh € 3aBHAHHAM TOCUTH
CKJ/IQTHUM i MO>Ke CIpUYMHNTY 3Ha4Hi pisnyHi Ta PpiHaH-
coBi Butpatu. OfHaK, OCKI/IbKM rapaHTii 6e3aBapiiiHOro
¢dyHKUiOHYBaHHA OyZiBeTbHUX KOHCTPYKIIiil BUCTYIIA-
IOYMX YaCTUH YIIPOJLOBXX YChOTO TEPMiHY eKCIITyaTalii
HBK Hemae, He06XiTHO HOK/IACTY BCiX 3yCUIIIb A1 BUPi-
IIeHHs Li€l Tpo6/IeMM B KOPOTKOCTPOKOBI I IIEPCIIeKTUBI.

Orpumana indopmariis, B IKOCTi BXiJHUX JaHUX,
MoOxKe OyTV BUKOPMCTaHA IiJi Yac IMPOEKTyBaHHsA pe-
KOHCTpyKUii yacTuH [IE Ta MaummHHOro 3amy o6’ekra
«YKpUTTS», IO BUCTYNaIOTh 3a MexXi HBK.

Crn1cok BUKOPUCTaHOI TiTepaTypu

1. Y4acTh y HepeArnpoeKTHUX poOOTax 3 06CTeXKeHHs
cTaHy Oy/iBe/lIbHUX KOHCTPYKIIiil 1A po3pobIeHHs
IIPOEKTy «PEeKOHCTPYKIis 9aCTHH JleaepaTOpHOi eTa-
YKEPKM Ta MAIIVHHOTO 3a7y 00€KTY «YKPUTTs», 1[0
BUCTYMAIOTDh 32 MeXIi OTOPOIKYBaIbHOIO KOHTYPY
HBK». Eran 5. AHaji3 Ta BUSHaYeHHsI HajtOi/IbII OII-
TMMAJIbHOTO BapiaHTY MifiCV/IEHHSA Ta/ab0 TeMOHTaXXy
vactuH, OY, mo BucrynaoTs 3a Mexxi HBK (B4 OY)
3 ypaxXyBaHHSAM Jj03 OIIPOMiHeHH: Ta (PpiHAHCOBUX BU-
tpat. / B. B. Pynpko, O. B. banas, JI. I. [TaBnoBcbkmit Ta
in. — YopHoOM1B, 2019.

2. lepenroBcekuii B. B. YoockonaneHnuit metoy 6araro-
KpUTepia/IbHOTO aHa/Ii3y eKONIOTiaHOI Oe3IeKkyt 00 €KTiB
i3 pajariitHO-AIePHUMM TEXHOMOTisIMIL: aBTOped. IHC.
... KaHp,. TexH. HaykK: 21.06.01 / B. B. [lepeHroBCchKMit;
HAH VYxpainy, IH-T mpo6em 6e3mexyt aToM. eleKTpo-
craHiin. — Kuis, 2019. — 24 c.
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3. Iepenrosckuii B. B. MeTtonuka npoBefieHUsI CpaBHU-
TE/IPHOTO aHaJIN3a «I03-3aTPaT-BbITOf» IJIA SBYX Ba-
PMAHTOB «PaHHETO» IeMOHTa)Ka HeCTaOM/IbHBIX KOH-
CTPyKLuit 06 bekTa «YkpbiTue» / B. B. [lepeHroBckuii,
B. M. Pynbko, B. A. Toopos // IIpobnemnu 6e3nexn
aTOMHMX e/leKTpocTaHIil i YopHobunsa. — 2015. —
Bum. 24. — C. 110-117.

ITopAmoK po3paxyHKY 103 HOTOYHOTO i MOTEHIITHOTO
ONpOMiHEeHHA NepPCOHaNy Ipy IJIAHYBaHHI i MPOeK-
TyBaHHI pobit Ha OY / MiHiCTepCTBO OXOPOHM 370-
pos’s. — Kuis, 2004.

O. V. Balan, S. Gh. Brylka, V. V. Derengovskyi,
V. V. Yehorov, L. 1. Pavlovskyi, V. M. Rudko,
D. O. Khomenko

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

Options for Solving the Problem of Parts of the Shelter
Object Located Outside the New Safe Confinement

The parts of the Shelter object structures remained
outside the New Safe Confinement (protruding parts)
are considered in the article. The analysis of the building
structures condition of the turbine hall and the deaerator
stack protruding parts on the east and west sides is carried
out and the necessity of works on strengthening and/or
dismantling of bearing structures is confirmed. Possible
variants of reconstruction of the Shelter object protruding
parts are stated and the technological sequence of works
is provided. The analysis of the possibilities of performing
works in the conditions of functioning of the New Safe
Confinement — Shelter object system proved that such
activity is rather difficult task, which can cause significant
physical and financial costs. As there is no guarantee of
trouble-free operation of the building structures of the
protruding parts during the entire service life of the New
Safe Confinement, it is necessary to make every effort to
solve this problem in the short term.

The results of the analysis allow to choose the most
advantageous solution to the goals and objectives for
the safest and most cost/effective dismantling and/or
strengthening of structures of protruding parts, taking into
account a number of different criteria. These criteria may
be different in nature, which allowed to build a generalized
efficiency indicator for individual criteria with certain
weights that determine the importance of each of the

criteria for decision making.

Based on the results of the analysis, these options can
be considered equivalent. The final decision on the choice
of the optimal variant for the Shelter object protruding
parts reconstruction can be made after detailing the
technological decisions at the design stage of protruding
parts reconstruction and before the design studies of the
radiation condition in the work area.

The obtained information can be used as input data
during the design of the reconstruction of the deaerator
stack and the turbine hall parts of the Shelter object, which
protrude beyond the New Safe Confinement.

Keywords: ChNPP, Shelter object, New Safe Confinement
(NSC), protruding parts, multicriteria analysis,
comparative analysis.

References

1. Rudko V. V., Balan O. V., Pavlovskyi L. I,
Derenhovskyi V. V., Kaftanatina O. A., Brylka S. H.,
Pidbereznyi S. S. (2019). Participation in pre-project
works on inspection of the condition of building structures
for the development of the project “Reconstruction of
parts of the deaerator shelf and engine room of the Shelter
object, protruding beyond the enclosing circuit of the NSC”.
Stage 5. Analysis and determination of the most optimal
variant of reinforcement and/or dismantling of parts, SO,
protruding outside the NSC (HF SO), taking into account
radiation doses and financial costs. Chornobyl. (in Ukr.)

2. Derengovskyi V. V. (2019). Udoskonalenyi metod
bagatokryterialnogo analizu ekologichnoi bezpeky
obiektiv iz radiatsiino-yadernymy tehnologiiamy
[The improved method of multicriteria analysis of
environmental safety of objects with radiation and
nuclear technologies] (PhD Thesis). Chornobyl: ISP
NPP, NAS of Ukraine, 24 p. (in Ukr.)

3. Derengovskyi V. V., Rudko V. M., Govorov V. A. (2015).

[Method of conducting a comparative analysis of “dose-

cost-benefit” for two options for “early” dismantling

of unstable structures of the Shelter object]. Problemy
bezpeky atomnykh elektrostantsii i Chornobylia [Problems

of nuclear power plants safety and of Chornobyl], vol. 24,

pp. 110-117. (in Ukr.)

The procedure for calculating current doses and potential

exposure of personnel in the planning and design of work

on the SO. Kyiv: Ministry of Health, 2004. (in Ukr.)

Hapginmoma 30.07.2020
Received 30.07.2020

ISSN 2311-8253 SpepHa eHepreTnka Ta ZOBKi/UIs Ne 4 (19) 2020

65



V1K 614.841.42:551.511.61

M. M. Tanepko

doi.org/10.31717/2311-8253.20.4.8

Incmumym npobnem 6esnexu AEC HAH Ykpainu, eyn. JTucozipcvka, 12, Kuis, 03028, Ykpaina

3acrocyBannsa Benuunnu FRP (Fire Radiative Power)
LS OI[IHKY eMicii pamioHyKkifiB B arMmocdepy
BHACIIIOK TiCOBUX IOXKEXK y 30Hi Bijuy>KeHHA y KBiTHI 2020 p.

Knruosi cnosa:

JIICOBI ITOXKEXKI,

pecycrensis,

papionyKIiu,

aTMocQepHe IepeHeCeHHS,
MOJIe/TIOBaHHS,

00’€MHa aKTUBHICTB MTOBITPA,
30Ha Bij9y>KeHHA,

CYITy THUKOBMI1 MOHITODVHT IOXKEX.

3aIpONOHOBAHO METO, OL[iHIOBAaHH AKTMBHOCTI PaJiOHYK/Ii/liB, 10 HATXOHATD B aT-
Mocdepy mif gac JIiCOBUX Ta JIYTOBUX MOXEX HA PafioakTVMBHO 3a6py[HEHUX Tepu-
TOpisAX, 0OCHOBaHMII Ha BUKOPUCTAHHI CyIIyTHMKOB)X JAHMUX BUMiPIOBaHb IIOTY>KHOCTI
papianiiiHoro BumpoMiHioBaHHs (BenmmuuHa FRP), a TakoXX faHMX mpo WiinbHICTB
pafioaKTMBHUX BMUIIAIaHb Ha TepUTOPII IMOXKeXXi Ta 3Ha4eHHA koedilieHTa eMmicii ak-
TUBHOCTi aepO30/IbHNX 9acTOK C, M0 yTBOPIOWTHCA Miff ac ropinHsa. Ha npuxmapi
nicoBuX NMoXeX y 30Hi BiguayxeHHsa Yoprobunbcpkoi AEC y xBitHi 2020 p. 3pobieHo
nonepenHi oninky sHavenns C — 9,5 - 107 M M]x mna '’Cs. 3anpornonoanuit
METOJ, la€ MOXK/IMBOCTI Ji/iA IIPOBEJEHHA ONEPAaTUBHUX OLiHIOBaHb Ta MPOrHO3yBaH-
HA HAC/iJKiB JIICOBUX MOXXEX, BKII0YAI0UM MOJE/IbHI OLliHIOBAHHA PO3NOBCIO/IKEHH
panioakTMBHUX aepo3oniB B arMocdepi Ta OLiHIOBAHHSA [03 ONPOMiHEHHsI II€PCOHa-
JIy 30HU BifYy>XeHHsI Ta HaceJIeHH: 3a il MeXXaMI 3 BUKOPUCTAHHSIM KOMITIOTEPHUX
OHJ/IAJiH-CUCTeM IIiATPUMKM NPUITHATTA pillleHb LIOJ0 3aXUCTY JIOfEN BiJ BIUIMBY
PafioaKTMBHOrO 3a6pPyHEHHS HABKO/IMIIHBOTO CEPeLOBMIIA.

Beryn

Y pob6ori [1] BUKIageHO pe3ynbTaTy MOJETIOBAHHS
PO3MOBCIOMKEHHA PaliOHYKIi/liB, MITHATUX B aTMOCchepy
BHAC/TiTOK iHTEHCUBHYX JTICOBUX ITOXEX Y 30HI BilTy>KeH-
Hs Ta 6e3yMOBHOT0 (060BSI3KOBOT0) BificeleHHs (Hami —
3B) y xBitHi 2020 p. MogenbpHi po3paxyHKM 3a0pyIHEHH
IIPU3eMHOTO MOBITPsI Ha perioHaIbHOMY MacuITabi (s
Teputopii Ykpainu) Ta mokanbHoMy (y Mexax 3B) 6yno
BIKOHAHO 32 JJONIOMOTOI0 MOfie/Ti iIfioMYy, aTMOC(epHOro
MepeHeCEeHH A Ta OCa/)KEeHH A pafioHYKIIi/liB Ha MiJCTVU/Ib-
Hy nosepxHio LEDLI. ITix vac ¢popmyBaHHA MOfIe/TbHOTO
CLIEHapil0 aKTUBHICTH JOOOBUX BUKMAIB 3 4 110 20 KBIiTHS
2020 p. BU3Ha4aIach 3a pe3y/nbTaTaMM JeTaIbHOTO aHai-
3y PO3HOBCIOfIKEHHs MOXKEX], IIPOBEIEHOTO CIIiBPOOIT-
HMKaMU Biifliny pafialiifiHOTO MOHITOPMHTY IPUPOLHO-
ro cepefoBuila YKpaiHCBKOTO Tif[pOMeTe0POIOTiYHOTO

incturyry (YkpI'MI) [2]. ¥V niit po6oTi posranryBaHHA
OKpeMIX OCepefiKiB IMoXexXi MPOTAroM KOXXHOI ;06U Ta
iXHA IJTOIa BUSHAYAJINCh 32 JAHUMU CYIyTHUKOBOTO
MoHiTOpUHTY [3]. I/ IpoBefeHHs OLiHIOBaHb AKTWB-
HOCTI eMicii pafiOHyK/IifiiB y OBITPsl BUKOPUCTOBYBa-
NIUCH laHi PO pajjioaKTUBHe 3a0pyIHEHHS TepUTOPIil
HOXXEeX [4], a TAKOXK pe3y/IbTaTy BUMipIOBaHb 3aIaciB ro-
prounx 6iomarepiaiB y HMX, HAKOIMYEHH PaliOHYK/IiAiB
y pisHMX YacTMHaX 6i0IIeHO3iB Ta KoedillieHTV BUHECEHHS
ix B aTMocdepy, oTpuMaHi CrliBpo6iTHMKaMu YKpaiHCBKO-
T'O HayKOBO-JOC/TiJHOTO iHCTUTYTY CiIbCBKOTOCIIOfAPCh-
Koi papionorii HanionanpHOTO YHiBepcuTety 6iopecypcis
i mpupopokopucTyBaHHA YKpainu [5].

PesynpTraty npoBeieHNX MOMI€/TPHMX OLIiHIOBaHb aK-
tuBHOCTI ’Cs y mpuseMHOMY HOBITpi [1], oTpuMaHi 3 Bu-
KOPMCTAaHHAM yKa3aHOTO CLeHapilo BUKUJY, Y LiTOMY
Y3TOIXYIOTbCA 3 JaHMMM BUMipIOBaHb paJioaKTUBHOTO
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3a0py/iHeHH OBIiTPsA B YKpaiHi, 110 CBifYNTD, 30KpeMa,
IIPO IOCTaTHBO BMCOKY JOCTOBIPHICTh OTPUMAHUX Y [2]
OLIiHOK eMicii pagioHyKIigiB mif yac moxxexi. OpHak
HasIBHi pe3ynbTaTy CYIIyTHUMKOBUX BUMipIOBaHb JAIOTh
MOXX/IMBICTD [I/I1 ONIEPATUBHOTO MPOBEICHHA NMPAMUX
OIIiHOK iHTEHCMBHOCTI eMicii IpOAYKTiB FOpiHHA Hif,
9ac MOXKeX, BUKOPVUCTOBYIOUM 3HAYEHHA IOTY>XHOCTI
papianiitHoro BunpomiHioBanHs — BenuunHy FRP (Fire
Radiative Power) [6]. MeToI0 cTaTTi € OIliHKa MOX/IMBOCTI
BUKOPUCTaHHA BKa3aHOI BeIMYMHU [/Is1 OOUMCIICHHSA
AKTMBHOCTI pajJlioaKTUBHUX a€pO30JIiB, 110 HAAXOAATD
B aTMoc(epy Iif Jac IicOBUX HOXEeX Ha PaJioaKTUBHO
3a0pyAHEHUX TePUTOPIisAX, Ha MPUKIaji MoxKexi B 3B
y KkBiTHi 2020 p.

Omninka emicii pagionyknigis B atmocdepy min
Yac TiCOBUX MOXKEX

Sk 3as3Havanocs B [1], 4s OLiHIOBAHHA aKTUBHOCTI
PafioaKTMBHNX aepO30IiB, 10 HAXOAATH B aTMOChepy
IiJ] 9ac MoXKexX Ha pajioaKTUBHO 3a0py/HEHNUX JIiCOBUX
i IyTrOBUX TepUTOPiAX, MOXYTb Oy TV BUKOPUCTAHI METO-
IV pO3paxyHKy Macl aepo30/IbHUX (HepaflioaKTMBHUX)
JaCTOK YHACTi/OK IpUpOFHUX NoXeX [7]. Bukopucro-
BYIOYM CYIyTHMKOBI JaHi IpO 3HaY€HHA MOTY>XHOCTI
pagianiitnoro BunpominioBanHs FRP (MBT) mst xox-
HOTO IiKCe/A Ha KapTi IMOXKeX, aKTVBHICTb aep03071b-
HUX 9acToK A (BK), HifHATUX y HOBITpA IMif 9ac moxexi,
Mo>ke OyTHu po3paxoBaHa 3a GOpPMYIO0

TF
A=C,-D-FRE=C,-D- [FRP(t) dt, ()
0

me T, — TpMBamicTh MOXKeXi, ¢; D — MminbHICTD BuIa-
manb, bkx/m* FRE — enepris papianiitHoro Bumpomi-
HIOBaHHA ITiJ] 9Yac moXKexXi B Mexxax mikcenst, M. Ko-
edinienT emicii akTMBHOCTI aeposonbHMX yacTok C_ (m?/
M]I>x), HOpMOBaHMIt Ha LiIbHICTh BUNafaub D, € aHa-
noroM KoedinjieHTa eMicii 11 OLIHKY Macu TUMOBUX
gacrok C_ [7].

3arasbHa BeIMYMHA eMicii paZlioaKTMBHUX aep030-
TiB BU3HAYA€THCA MiZICyMOBYBaHHAM 3a BCiMa MiKCes-
MU CYIIyTHUKOBOTO 3HIMKa, B AKMX 3aiKCOBAHO JiCOBI
TTOXKEXKi.

3asHaunMMo, 1o KoediumieHT emicii Hepapioak-
TUBHUX 4acTOK C, Bapiloe Hst pi3HMX peTrioHIB Ta
exocucreM. 30KpeMa, Y [7] Ha OCHOBI aHami3y maHUX
CYNYTHUKOBUX BMMIipIOBaHb OILIiHEHO JIOTO 3Ha4Y€H-
Ha B Mexax 0,02-0,06 xr/M]I>K mas TalirOBUX JIiCiB,
0,04-0,08 xr/MJI>x s TPOIIYHMX JIiciB i caBaHM Ta

0,08-0,1 xr/M]Ix gna €spomnericbkoi Tepurtopii Pocii.
Y pob6orti [8] 1i pesynbraTn 6y/10 yTOUHEHO JJIs1 TEPU-
TOpii EBpoONM Ta IHTEPIIPETOBAHO y BUITIALI 3a/IeXKHOCTI
Bij Tuny semnexopuctysannsa: 0,1 xr/MJIx pna micy,
0,05 xr/MJIX pgns TpaBM Ta CinbCHKOTOCIOAAPCHKNX
noniB i 0,075 xr/M]I>x ind 3MilllaHUX TePUTOPIIL.

AmnajoriuHi 3a71eXXHOCTI Bifi reorpagiuyHoro periony,
TUITY POCTMHHOCTI Ta 3¢M/IEKOPUCTYBaHH:A Ha TEPUTOPIi
HOXexXi MaloThb OYTU BCTAaHOBJIEH] 11 /1 KoedirienTa
eMicii paiioakTuBHMX 9acTUHOK C . Kpim TOTO, i10T0 3Ha-
YeHHA 3MIHIOETbCA [/ PiSHUX PaflioHYKIIifiB y cKmazni
pafioaKTMBHUX BUIIA[JaHb 3a/Ie)KHO Biff ixHiX ¢isuko-
XiMiYHMX XapaKTePUCTHK.

BukopucraHi faHi CyIlyTHUKOBIX CIIOCTEePEKeHb

Y niit po6oTi 111 BUSHaYEeHHA OCepefKiB TOPiHHA Ta
IHTEHCUBHOCTI BUJIiJIeHHs TeIljla B HUX IIif] YacC JTiCOBUX
MO>KeXX y KBiTHi 2020 p. BUKOPUCTOBYBAIUCh [IaHi CIIO-
CTepeXkeHb [3] i3 YOTMPbOX CYyIy THMKIB:

1. Terra (3amymjennit y pamkax nmporpamu NASA
Earth Observing System 18.12.1999 p.).

2. Aqua (3amymenmnit 04.05.2002 p.).

3. Suomi NPP (S-NPP, Suomi National Polar-
orbiting Partnership) — excriepuMeHTanbHMIL CYITy THUK
i3 cepii cynyTHuKiB KocMivHOI mporpamnu Joint Polar
Satellite System (O6’ejHaHa osIpHA KOCMiYHA CHCTeMa),
samymennmii 28.10.2011 p.

4. NOAA-20 (JPSS-1) — mepuinii oniepaTMBHUIA Cy-
IIyTHUK i€l cepii, sanmymennit 18.11.2017 p.

Ilepmi gBa CynyTHMKM [/ CIIOCTEPEXEHD 3a IIO-
JKe)KaMI Ha 3€MHill IOBePXHi BUKOPUCTOBYIOTD CIIEK-
tpopagiomerpu MODIS (Moderate Resolution Imaging
Spectroradiometer). Kocmiuni anmaparu cepii JPSS 06-
TafiHaHO [/ 3JIOMKM 3€MHOI IIOBEpPXHi pafiioMeTpaMu
VIIRS (Visible Infrared Imaging Radiometer Suite), ana-
norivaumu go MODIS, ane i1 cyTTEBO MOKpaLleHUMU
xapakTepuctukamu (Ta6im. 1).

ApXiBHi [JaHi IpO aKTMBHI MOXEX1 Ha TepUTOpii
Yxpaiuu 3 3 mo 22 kBiTHaA 2020 p. 6y/10 OTpUMaHO Ha
caitti Fire Information for Resource Management System
(FIRMS) HanioHa/IbHOTO YIpaB/IiHHSA 3 a€POHABTUKM
i gocnimxenHa kocmivHoro npocropy (NASA) CIIA
(3]. Ilicns BupineHHs OcepefKiB MPUPOTHMUX MOXKEX
y 3B Ta mpuernux o Hei TepuTopisax (Bkarouarouy OB-
pyubkuit paiton JKuromupcpkoi obmacri) 6yno chopmo-
BaHO 6a3y JaHUX, sIKa BK/II0OYasa AJIs KOXXHOTO IiKCesa
i3 3apikcoBaHOIO MOXKEKEI0 Ha Lili TepUTOPpii KaHi mpo
KOOpAMHATY JIOTO LIeHTPY, AATy Ta Yac BUMipIOBaHb,
sHayeHHA FRP, HasBy cynyTHMKa Ta iHITY iHdOpManio
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Ta6muua 1. OcHOBHI TeXHiYHi XapaKTepUCTUKHU pagioMeTpiB,

110 BUKOPUCTOBYIOTHCA /1A CIIOCTEPEIKEHD 3 IMOKEKAMU

KinpkicTb . Hianason IIpocToposa MiniManbHe 3Ha4Y€HHA
Tun CnexTpanbHuMit S .
. CHEKTPa/JbHUX | . [J1A IeTEKTyBaHHA PO3JIIbHICTD BuMipoBanoro FRP,
pagmiomerpa . IiamasoH, MKM . .
KaHaJIiB OXEeXK, MKM y Hagupi, M MBT Ha mikcenb
MODIS 36 0,41-14,4 Kanan Ne 21 (3,929-3,989) 1000 <10
Kanain Ne 14 (3,55-3,93) 375 — I-Bands
II 22 ,41-12, 1

VIIRS 0 > M13 (3,973-4,128) (750 — M-Bands) <

(ycporo 10751 3amuc). 3aranbHi XapaKTepUCTHUKY JAHUX
npo sHadeHHd FRP 3rigHO 3 CynyTHUKOBMMM BUMIipIO-
BaHHSIMH HaBefleHO B Tabs1. 2. BOHM 3HaYHO Pi3HATHCS
IJ1d BUMipIOBaHb 3a JOIOMOTOI0 pafioMeTpiB pi3HOTO
tuny (MODIS a6o VIIRS), xo4a ¢pakTU4HO MICTATD iH-
¢dopmanio Ipo MpocTOpOBO-4aCOBY AMHAMIKY THX Ca-
MMX IOfi. BifMiHHOCTI B laHMX pi3SHUX CYIIyTHUKIB
MOSICHIOIOTHCS BULOK0 PO3/Ii/IbHOIO0 3[aTHICTIO Ta BUIIOK0
gyTauBicTio pagiomeTpis VIIRS, a Takox pisHUM yacom
NPOXOJKEHHA CYNYTHUKIB HaJi TEPUTOpi€r0 YKpai-
HI: 07100081 BUMipIoBaHHA CymyTHuKa Terra mpoBo-
IATbCA MPUOIN3HO Ha 2 TOR paHillle iHIINX yAeHb Ta Ha
4-5 rop paHille BHOYi. YHACHIifOK BUIOI PO3[iMbHOL
3paTHOCTI pagiomerpiB VIIRS KinbkicTh ocepefkis mo-
xeX y 3B (kinbkicTb mikceniB Ha kapTi moxxexx), 3agik-
coBaHux cynytTHukamu S-NPP Ta NOA A-20, BusBunacs
MajiKe Ha MOPs/IOK 6ibioo, Hix 3a ganumyu MODIS na
cynyTtHukax Terra Ta Aqua. 3HayHa YacTMHA 3 HUX — IIe
npi6bHi ocepenky ropinHs (puc. 1), ki y BUNMagKy iXHbO-
ro 6113bKOro posrauryBanusa pagiomerp MODIS moxe
CIpUIIMATH SIK €FVHUI OCEPEMNOK i3 BeTMKMM 3HAYEHHAM
FRP. Came ToMy, He3Ba)kal4y Ha TaKi Be/IMKI BiMiH-
HOCTI B KiJTBKOCTi 3ape€CTPOBAaHUX OCEPEKiB, pO30ixkK-

60

| Terra
W Aqua

O Suomi NPP
B NOAA-20

40—

20—

0-5 5-10 10-20 20-50
FRP

50-100

100-200

200-500 500-2000

Puc. 1. BigHocHuit posnogin (y BifcoTkax) KinbkocTi
ocepenKiB ropiHs B 3B mpotarom 3-22 ksitHsa 2020 p.
3aexHo Bif 3HaueHHst FRP (MBT) /151 90THPbOX CymyTHUKIB

HOCTi B cymi 3HaueHb FRP 3a mepiof moxxesx 1o BCiit Te-
PUTODIi, IO PO3ITANAETHCA, /1A Pi3SHUX CYNIYTHUKIB He
nepeBuiyoTb 20 % (auB. Ta6MI. 2).

Xoua oninku cymapHux sHadeHb FRP 3a Becp nepiop
MOXKEX 3a/I0BI/IBHO Y3TOMKYIOTHCA 3 JAHUMM Pi3HUX
CYIIYyTHUKIiB, IPOCTOPOBO-9aCOBa IMHAMiKa PO3IOBCIO-
I>KeHH S PalioHiB IOXeX 110 TepuTopii 3B BigTBOpIOETH-
st HabaraTo Kpalile 3a pe3y/IbTaTaMi BUMIpIOBaHb Oi/bIl

Tabnuusa 2. 3aranbHi XapaKkTepuCTUKM MacuBy 3HaueHb FRP

B moxkexx y 3B Ta OBpynbkomy paiioHi y kBitHi 2020 p.

3a CYIyTHUKOBUMY BUMipIOBaHHAMU [3]

XapaKTepucTuka Terra Aqua S-NPP NOAA-20
KinbkicTp geTekToBaHUX OCepeKiB MOXKeX(ITIKCeiB 3 MoXKeXKaMu) 525 514 4983 4729
Yac BumiproBaub (paHoK — menn), UTC 07°°-10%° 09>-12% 08+-12* 08%-12'
Yac BumiproBaHb (Beuip — Hig), UTC 18»-20% 2320-01* 2218020 2206-01°*
Cyma FRP (MBT) 32 Becb nepiog noxex y 3B 60281,5 65906,3 659874 73659,1
Minimanbae FRP, MBt 3,2 4,2 0,4 0,4
Mepiana FRP, MBt 50,4 49,3 4,2 4,9
Maxkcnmansae FRP, MBT 1872,2 1568,2 616,8 403,9
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cyuyacHux papiomerpis VIIRS. Ha puc. 2 HaBeeHO faHi
IIpO pO3TallyBaHHA OKPEMUX I Kepell TOPiHHA 3TifHO
3 BUMIipIOBaHHAMM 3a gornomororo MODIS (xa cymyT-
Huky Terra) ta VIIRS (#a cynytHuky S-NPP). Bugso,
IO 3arajibHa KapTUHA PO3MNOBCIOM>KEHHSA (PPOHTY IIO-
JK€X Yy 4aci BiITBOPIOETHCA 3TiIHO 3 JaHUMM pafioMe-
tpa VIIRS 3 6inbuioro geranisarieo. B ymoBax Benmukux
IPaji€eHTiB IiTPHOCTI BUNIalaHb Y IeHTPaIbHill YaCTUHI
3B KOpeKTHa OIjiHKa IION] T4 PO3TAIIYBAHHS OKPEeMUX
OCepeKiB MOXKeX MOKe 3HAUHO 3MEHIINTY iHTepBasl He-
BU3HAYEHOCTI OLIiHOK eMicii pafioHyKIifiB B aTMocdepy.

Puc. 2. Kapra postamryBaHHA OKpeMUX JjyKepes TOpiHHA
B 3B ta OBpyubkomy paitoni JKutommupcpkoi obmacti
nporAroM 3-22 kBiTHA 2020 p. 3a JaHUMU CIIOCTEPEXKEHD
cynytuukis Terra (@) ta S-NPP (O).
OBanamu oka3saHO OCHOBHI palioHM TTiCOBUX IOXEX

Y ninomy npo6semi y3rofskeHHs pe3y/IbTaTiB BUMi-
PIOBaHDb XapaKTePUCTUK IOXKEX 32 JAHVMU Pi3HUX Cy-
IYTHYKIB IpUCBsYeHO 6araTo pobir [7, 9]. ObroBopeHHs
MOXX/IMBOCTI 00’€fHAHHS Y3rOJ)KEHNX JAaHNUX CIIOCTepe-
’K€Hb Pi3HUX CYyNyTHUKIB B €AVIHUII MacUB IJIS OLIiIHOK
eMicii paZlioaKTMBHMX a€PO30iB ITiJ] 9ac TiCOBUX ITOXKEX
BUXOAMTD 3a paMKIU Li€i crarTi. ToMy Hagani 3asHavueHi
BuIIle HAOOPY JaHMX BUMIPIOBaHb YOTUPHOX CYIIyTHU-
KiB pO3ITIAAIOTDCS AK a/IbTePHATVBHI 3 TOJAJIbIINM BU-
60poM Hail6i/IbIII MPUITHATHOTO 3 HUX J/IsI OTPUMAHHS
OCTaTOYHUX PE3y/IbTaTiB.

Oninka sHa4YeHb eHeprii pagianiiiaoro
BUNPOMiHIOBaHHA 1if yac moxexx FRE
3a JaHMMMU CYIyTHIKOBMX CIIOCTEePEKeHb

CrocrepexeHHA KOXKHOTO 3 YOTUPbOX CyIyTHUKIB
HaJ 3aJlaHUM PailOHOM BUKOHYIOTbCS ABi4i Ha KOOy (uB.
Tab71. 2) 3 mepiognuHicTIo 671M3bKO 12 rox. Exepris papi-
anintHoro BunpoMinoBaHHA FRE (M]]x) (bopmymna (1))
IPOTSATOM KOXHOI 00U i3 3afaHOI TepUTOPii moXKexi K
inTerpan y 4aci Bif sHaueHb FRP Moxe 6yTu uncenbHO
OIjiHEHA TBOMa CIIOCO6aMIL.

1. Yepes HamiBCyMy IBOX BUMIpIOBaHb IIPOTATOM OO

FRE

(Sum) meas meas / 2

T
:5-(FRP(N’ + FRP.”) 6)

e FRP;ZZ;S i FRPSZ:S — 3Ha4YeHH: BUMIpIOBaHb IOTYX-
HOCTi papianiitHoro Bunpominiosanus (MBT) y mivami
Ta leHHMIT epiogu no6u BigmosigHo, T = 86400 c.

2.V pobori [10] Ha ocHOBi aHa/Mi3y JaHMUX CYIyT-
HUKOBUX CIIOCTEPEXKEHb IOKa3aHO, II0 B ITepiof MOXKeXi
BenmunHa FRP mae wiTko Bupaskennit fo60BuII Xif, i 3a-

IPOIOHOBAHO (GOPMYITY A i MapaMeTpusanii

(t=h)

FRP(¢t) =FRP > , 3
20

peak b+exp| -

me t — gac (rox), a FRPPeak, b, 0, h — mapametpu, 110 BU-
3HAYAIOTHCSA 3aJIKHO B1J] perioHy crocTepesxeHs (puc. 3).
[Tapamertp h (rox) BifmoBifae MiclieBOMy 4acy, B KMt
BenuunHa FRP mocsarae makcumymy. s oninku Be-
nn4uH b, 0, h'y po6oti [10] 3anpononoBano emnipuyHi
3aJIEXKHOCTI Bifl BiTHOIIEHH 3HaYeHb BUMiploBaHb FRP
(Terra)/FRP(Aqua) p1s1 boro periony.

12 =

8=\

1.0 +— e T

= 2N
/ s

=3
@
|

Aqua Terra

FRP(t) / FRPpeak
o
b4

| \

02 e - -

o
|
A

|/

0.0

Yac, rog

Puc. 3. ITapameTpusanis 060BOro xony HopMaaisoBaHol
HMOTY>KHOCTI pajiial[iffHOTO BUIIPOMiHIOBaHHA FRP(t)/FRPpmk
n1s BuMipioBaHb y 3B. CToBIIYMKaMy IMOKa3aHO Mepiofn
IIpOBeeHH A BUMipIOBaHb cynmyTHuMKaMu Terrai Aqua 3a

micuesum yacoMm (Kuiscpkmii vac = UTC + 2,

6e3 ypaxyBaHH 3MillleHH: Ha JTITHIN Yac)

bynmemo BBaXkaTy, 110 3a HaABHOCTI JBOX BUMIipIO-
BaHb IIPOTATOM JJOOU 3aJIeXKHICTh MOTY>XHOCTI pajia-
niriHoro BunpoMinoBanHA FRP Bif gacy Mo>xHa onn-
catu s "Hivnoro (0 < t < T/4; 3T/4 < t < T) Ta meHHOrO
(T/4 < t < 3T/4) nepionis ogHaKOBMMM PYHKLIOHATbHIIMMI
3aJIEKHOCTAMI (3), ajie 3 pisHMMU 3HaYEHHIMU PRPI()Z}<
i FRP 1(,513( BigmoBinHo. Toxi onjinka eHeprii pagialitHo-
ro BunpominioBanusa FRE | mum CrIoco6oM Moxe 6y Tu

BIIKOHaHa 3a TOIIOMOTI' OO Bpa3y
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Ti4 3T/4
J.FRP“‘ f)dt+ [ FRP? (£)dt+ j FRP™ (¢) dt =

T/4 3T/4

el )
- f(mf/a ﬂ} FRP;Z;{I’2T+ \/;{ f[h\/_?j @)
37%/4-)}

oo

[TapameTpnu PRPpeakl FRPI(JeDak 064NCITIOI0Th-
csi 3a mamumu Bumiposanb FRPNY (t=t, . ) i
FRP ") (t = ties.p) Y BiITIOBiHY WacTuHy mo6u 3a
¢dbopmyoro (3):

FRE

(Int)

+erf(

2
b+exp _M )

FRP™ =FRPW) (¢ -
20

peak meas \"meas,N )

2
tmeus - h
FRP") =FRP'") (t,.. )| b+exp —# , ©
20
pet it = — 9ac HIYHUX Ta [EHHUX BUMIPIOBaHb.

BigsHaunmo, 1110 3a HAABHOCTI OILIIHKM 3arajbHO-
rO BUKV/JIy BpPaXyBaHHs JOOOBOIO XOAy iHTEHCHBHOCTI
eMicii pajjioakTMBHUX aepo30JIiB 3rifHO 3 popmyIom0
(3) MOXXe CYTTEBO YTOUHUTHU Pe3y/IbTaTV MOJIETbHUX
PO3paxyHKiB Aucnepcii pafioHyKiIifiiB, IKi HAAXOAATb
B aTMOCQepy IIpH TiCOBUX IMOXKEXaX.

PesynbraTtn

BignoBigHO 10 3arajJIbHOTO ONMMCY PO3BUTKY JIiCO-
BIX HOXeX y 3B Ta npuernmux mo Hei paitoHax [1, 2]
Oy/10 BUMIi/IEHO 5 OCHOBHYX TEPUTOPili TOPiHHA 3 3 11O
21 xBitH#a 2020 p. (gus. puc. 2): 1) y [lonicbkomy paitoni
(Big cmT Hapopuyi fo xopmony 3 binopyccio); 2) y 10-ki-
JIOMeTpOBiit 30Hi Mo61mM3y c. Yucroraniska; 3) mo6mm-
3y miBReHHOTO Gepera BogoiiMu-oxonomxysada (BO)
Yoprobunncokoi AEC; 4) 8 OBpynpkomy parioni JKu-
TOMUPCBKOI 0671acTi; 5) Ha miBoMy 6epesi p. IIpum'sars.

3a maHuMu BuMipioBaHb 3HadeHb FRP y 3B mnsa
BCHOT'O BUKOPUCTAHOTO HAOOPy CYNyTHUKOBMX JJAHUX
Oy10 064NCIeHO cepefiHE 32 HAOOPOM BifHOIIEHH S 3Ha-
4yeHb BuMipoBanb FRP (Terra)/FRP(Aqua) = 0,765. 3rip-
HO 3 [10] ma nporo 3HaYeHH:A nmapaMeTpu QyHKIHT (3)
nopiBao0OTE b = 0,185; 0 = 4,01; h = 13,6 rox (MOMeHT
MaKCUMa/IbHOTO 3HaYeHHs JOOOBOrO XOAY MOTY>XHOCTI
pagnialifiHOTO BUIIPOMiHIOBaHHS IiJ] 4ac TiCOBOI MOXexXi

3a MicueBuM 4yacom, y npomy Bumagky UTC + 2 ropm).
JIBoMa BH1Ile 3a3HAYEHUMI CIIOCO6aMu OYI0 064MCIIEHO
1000Bi 3HaUYeHH I eHeprii pafialiiiHOro BUIPOMiHIOBaH-
ua FRE  ~iFRE = 3amepion s 3 mo 21 ksiTHa 2020 p.
OKpEeMO /14 YOTMPHOX OCHOBHMX PETiOHIB /IiCOBUX IO-
xexX (ycporo 34 sHauenHs FRE B koxxnOMYy papy). Ilo-
xexa nobnusy BO Yopuobunbcokoi AEC (06macts 3 Ha
PHC. 2) OKpeMO He pO3I/IAAIach YHACTIOK if He3HaYHO-
ro BHECKY B 3araJibHMII 6aaHC OLIIHOK eHeprii Ta emicii
PafioaKTMBHOTO aepo30io B aTMocdepy. Y Tabi. 3 HaBe-
IieHO pesynbTaTy obuncineHus sHadeHb FRE 3a ganumn
BUMipIOBaHb cynyTHUKa S-NPP meTonom, 110 BpaxoBye
no6osuit xig FRP.

Y Tabn. 4 HaBefeHO KoedilieHTN KopemAlii Mix
pAnamu sHadeHb FRE, po3paxoBaHMX fBOMa pisHUMMU
MeTOfIaMI 9MCEIbHOTO IHTETPYBaHHA 33 JAaHUMU KOX-
HOTO 3 YOTMPbHOX CYNYTHUKIB, a TAKOXX CyMapHi 3Ha-
uyenHs FRE 1o Bciit repuropii moxex y 3B 3a nepiop
3-21 xBitHa 2020 p. BapiabenbHicTb OL[iHOK CyMapHOI
eneprii FRE s pisHux cynmytHukis gocsrae 40 %,
a 3a7IeXHO Bifj MeTony obuncnents FRE ps Toro camoro
CymyTHUKa — 710 34 %. SIK BUHO 3 TaO/MNII, Y3TOXKEHICTh
MiX psAAZaMH OLIiHOK, 3pOO/IEHNX TUM CaMUM METOJOM,
memo Buie. IIpy 1boMy BUKOPUCTaHHSA METORY 3 ypa-
XyBaHHSAM JOOOBOTO X0y Ha 3araj MifiBUIyE 3HAYCHHS
KoedilrieHTa KOpeALil y MOpiBHAHHI 3 METOTOM IIPOCTO-
ro cymyBaHHs. OLiHKY, 3p00/IeH] M METOIOM, Jal0Th
Haii6inpine sHadenns FRE 3a maHumu BUMipioBaHb
cynytHuka S-NPP, mo mMoxxe 6y T HOKa3HMKOM HaliKpa-
IIOTO IeTeKTyBaHH:A ocepefKis moxxexx 2020 p. B 3B cepern
ycix cynytHukis. Tomy ocrarouni ominku emicii pajio-
aKTMBHUX aepO30JIiB, 3p00JIeHi B 11iit po6oTi, 6a3y10Tbcs
Ha pe3y/bTaTax BUMiploBaHb 3HaueHb FRP pagiomerpom
VIIRS cynytauka S-NPP Ta o6uncnens eneprii FRE meto-
oM, 1110 BpaxoBye fo6osuii xif FRP (guB. ta6m. 3).

3rigHo 3 Ppopmyroro (1) 3HaUeHHA aKTUBHOCTI pa-
Hi0aKTMBHUX aepO30JIiB, 10 HAAXOAATh B aTMOChepy
il 9ac TicoBOI MOXKeXi, mponopiiitHe KOOYTKy eHeprii
pagpianiitaoro BunpominioBaHHA FRE i minbHOCTI pa-
DiOaKTMBHMX BUIIa[JaHb Ha TepuTopii noxexi D. Tomy
6yno o6uncneno no6ytku FRE- D 3a faHMMM KOXXHOTO
3 4OTUPbOX cynyTHUKIB i g1 FRE, pospaxoBaHoi fBOMa
Pi3sHMMM METOlaMy YMCETPHOTO iHTETPyBaHHA IJ1A OC-
HOBHIX PeTioHiB moxexX (y Tab/1. 3 HaBeJeHO MPUKIIAZ
pe3y/IbTaTiB 004MC/IeHD 3a JaHUMY BUMIipPIOBaHb CyIyT-
HuKka S-NPP MeTonowm, 1o BpaxoBye fo6osuit xif FRP).
3HaveHHs IIiIBHOCTI BUMaganb D 11 ob6macreit mosxkesx
BMOMpanuch 3rifHo 3 [2]. SIKIo BBa>kaTu 3HaYEeHH S KOe-
dinienta C 3 popmynu (1) mocriiinuM i He3ameXKHUM Bif
XapaKTepUCTUK TePUTOPil TOPiHHS, TO Bapiauii foOyTKy
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Ta6muus 3. lo6oBi sHaueHHs eHeprii papianiitnoro BunpominioBanusa FRE (M]Ix) Ta no6yTxy FRE
Ha winbHicTh Bunamaub *’Cs D (kBk/M?) 111 KOKHOTO 3 Y0THPHOX OCHOBHUX PETiOHIB MOKEK

ITonicpkmii paiton Komaui OBpyLbKuil paiion JliBuit 6eper

FRE FRExD FRE FRExD FRE FRExD FRE FRExD
03.04 6,48 - 10° 4,54-10°
04.04 2,01 - 108 1,41 - 10"
05.04 2,57 - 107 2,57 - 10"
06.04 1,30 - 107 1,30 - 10"
07.04 5,11 - 107 1,28 - 10"
08.04 1,82 - 108 4,54 - 10" 5,83 - 10° 2,10-10°
09.04 6,98 - 107 1,74 - 10 2,67 - 107 9,62 - 10*
10.04 1,69 - 108 4,22- 10" 9,30 - 10° 3,35- 10"
11.04 3,24 - 107 9,71 - 10° 4,97 - 10° 1,79 - 10°
12.04 1,40 - 10° 8,42 - 10" 3,36 - 10° 1,21 - 10"
13.04 1,32 - 108 5,26 - 10" 8,97 - 108 3,23 - 10"

Iarta

14.04 0 0

15.04 0

16.04 4,83 -10° 9,66 - 108 1,26 - 10° 4,55-10° 4,25-10* 1,53 - 10®
17.04 3,38 - 107 1,18 - 10" 1,11 - 107 3,99 - 10" 7,89 - 10° 2,84-10°
18.04 3,38 - 107 2,03 - 10" 3,58 - 10° 1,29 - 10" 4,86 - 10° 1,75-10°
19.04 5,02 -10° 1,25 - 10® 8,51 -10* 3,06 - 108 0 0
20.04 6,05 - 10° 6,05 - 10° 5,00 - 10° 1,80 - 10° 4,00 - 10° 1,44-10°
21.04 7,02 - 10° 7,02 - 108 0 0 1,31 -10° 4,71 - 108

Ta6muus 4. KoedinienTn xopensauii mi>k pagamu fo6osux sHauenb FRE, po3paxoBaHux gBoMa MeTogaMu
IJ1A KOXKHOTO 3 YOTUPbOX OCHOBHUX PerioHiB Mo)Ke>X OKpeMo 3a nepiof 3—21 xBiTHaA 2020 p. 3a JTaHUMM YOTHPbOX
CYIYTHUKiB, a TAKO>K 3HAYeHHA CyMapHOI eHeprii pagianiitHoro sunpominiosannsa FRETotal

CynyTHUK i MeTO Terra Aqua S-NPP NOAA-20 Terra Aqua S-NPP NOAA-20
obuncnenusa FRE FRE FRE FRE FRE FRE FRE FREq FRE
Terra FRE | 1 0,697 0,920 0,759 0,962 0,617 0,885 0,610
Aqua FRE 0,697 1 0,754 0,873 0,771 0,993 0,828 0,905
S-NPPFRE 0,920 0,754 1 0,848 0,852 0,677 0,977 0,716
NOAA-20 FRE | 0,759 0,873 0,848 1 0,759 0,833 0,850 0,958
Terra FRE g 0,962 0,771 0,852 0,759 1 0,716 0,851 0,664
Aqua FRE 0,617 0,993 0,677 0,833 0,716 1 0,772 0,898
S-NPPFRE 0,885 0,828 0,977 0,850 0,851 0,772 1 0,771
NOAA-20 FRE( - 0,610 0,905 0,716 0,958 0,664 0,898 0,771 1
FRE ., M]x 60036 47504 67601 54827 44845 57409 73204 65366
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FRE- D 3anesxHo Bif maTu i1 Miciist 06/1acTi moxkexi mo-
BIUHHI BiITBOpIOBATH YacOBY i IPOCTOPOBY Bapiabenb-
HiCTb iHTEHCMBHOCTI e€Micii paZlioaKTMBHUX a€poO30JiB
B arMocdepy. ToMy roI0OBHUM KpUTepieM KOPEKTHOCTI
OILIiHOK iHTEHCMBHOCTI eMicii paJlioaKkTMBHUX aepO30JIiB,
BIUKOHAHMX Yy Lill po6oTi, i, BifIIOBiTHO, yChOTO MeTOLY
PEKOHCTPYKIIii IIi€l BeTMYMHM 3a JaHUMU CYITyTHUKO-
BMX BuMipioBaHb BenmnuuHy FRP moxxe posrnamarucs
Y3TOM>KEHICTh OTPMMAaHMUX Pe3y/IbTaTiB 3 JaHNMU He-
3aJIeXHUX OLIHOK — pe3y/IbTaTiB poboTu [2] y ubomy
BUIIAJIKY.

Y Tabn. 5 HaBe#eHO KoedilieHTN Kopenmsauii Mix
JacoBMMM psAfilaMu 3HadeHb Jo6yTky FRE- D 3a panu-
MU KOXXHOTO 3 YOTUPbhOX cynyTHuKiB gnsa FRE. I3 npen-
CTaB/IEHUX Pe3y/IbTaTiB BUIHO, IO a) OLiHKM, B AKUX
eHepris pafialiifHOro BUIIPOMiHIOBaHHSA OOUNCTIOETHCA
3 ypaxyBaHHAM JJOOOBOTO XOAY, Ha 3araj Al0Th Kpalle
Y3TOMIKEHHA 3 pe3ynbTaTaMu [2]; 6) BifcyTHA Kopens-
1isl pe3y/nbTaTiB /I OLLiHOK eMicii 3 IyKepena Ha 1iBOMY
6epesi p. [IpuIr’saTh, OZHAK 10r0 BHECOK Y 3ara/IbHOMY
BUKI/Ii aKTMBHOCTI BifIHOCHO HeBeMKMNIL; B) 3 JBOX CY-
INYTHUKIB, obmagHaHux pagiomerpamu VIIRS, kpame
Y3TOZI)KEHH: 3 pe3y/nbTaTaMM [2] JaloTh laHi CyITyTHMUKA
S-NPP (BupineHo >xupHuM mpudToM y Tabmn. 5).

Ina ouinok 3a gaHuMmu cynytHuka S-NPP cy-
MapHe 3HaueHHA foOyTKiB FRE-D mo Bcix mxepe-
J1axX 3a Becb nepiof 3 3 o 21 xBitHA 2020 p. CTAHOBUTIO
7,27 - 10" M1 - kbx/m?. 3rigHo 3 [2] cymapHa aKTMBHICTD
eMicii '*’Cs mpoTarom nepiofy moxkex I1o Bciit Teputopii
o1iHeHo piBHOIW 6,9 - 10°® kBk. Toxi 3a popmyoro (1) MOXK-
Ha OIiHMTY 3Ha4YeHH: KoedinienTa emicii C mna 7'Cs ax
9,5 - 10~ M*/M]Ix. [Toxu6Ka 110ro OL[iHKM, TIOB 93aHa 3 BU-

B Pesybrami [2)

120 ——
O Ouinn 3 BuKopucTantam FRP

Enmicist Cs-137 3a 106y, IBx

T I ||

““““““““““““““““““““

34567 891011121314151617 181920 8 910111213 16 17 18 19 20 16 17 18 19 20
Komnaui

Jlara

Torichkuit p-r Ospyupkuiip-n Jliswit 6eper

Puc. 4. ITopiBHsiHHS oLiHOK F060BOI eMicii *’Cs B arMocdepy
3 OCHOBHMX PETiOHiB IOXXeX y nepiop 3 mo 21 xBitHA 2020 p.
3rigHo 3 [2] Ta 3a pesynpraTamu faHoi poboTn

KOPMCTaHHAM JaHVX iHIINX TPhOX CYIYyTHUKIB, OPiBHIOE
AC ==+ 1,510 Mv*/M]x.

Bukopucrosyloun sHajijieHe TAKMM YMHOM 3Ha4YeH-
Hs koedinienTa emicii C, 3a jonomororo Gpopmynu (1)
OIL[iHEHO 3Ha4YeHHH J0OOBUX BUKUIIB 3 OCHOBHMX OCe-
penkis noxex y 3B. Ixus yacoBa gunamika ta abconoTHi
3HAYEHHA B I[i/IOMY 3aJJOBi/TbHO Y3IOJ[)KYIOTbCS 3 PE3YIb-
tamu [2] (puc. 4).

BucHoBknu

1. 3ampomnoHOBaHO METO OI[iHIOBAaHHSA aKTMBHOCTI
PafiOHYKIiAIiB, [0 HAXOAATH B aTMOC(epy BHACTI/IOK JTi-
COBMX Ta JIYTOBMX IIOXKeX Ha pafiioaKTUBHO 3a0pyJHEHUX
TepUTOPISIX, OCHOBAaHNII HA BUKOPUCTAHHI CYIyTHUKOBUX
TAaHUX 3Ha4eHb MTOTY>KHOCTI pajjiallifiHOTO BUIIPOMiHIO-
BaHHsA (BennunHa FRP). EdexTnBHiCTH MeTORy ITOKa3aHa
Ha NpUKIafii micoBux moxex y 3B y xBiTni 2020 p.

Ta6muusa 5. KoedinienTn kopenanii mi>k yacoBumu pagamu 3sHadeHb 5o6yTKy FRE - D 3a gaHUMM KO>KHOTO

3 YoTUpbox cynyTHuKis aisa FRE, pospaxoBaHoi ABoMa piSHUMM MeTOZAMM, Ta Pe3y/IbTaTaMU OLliHOK aKTMBHOCTI
137Cs, nigHATOI B NOBITPsI BHACTIZOK TiCOBUX MOXKEX y Hepion 3—21 kBiTHs 2020 p. 3 [2]

CynyTHuk i Mmeton o6uncnenusa FRE HOI;I;;[}:;MIZ Komaui OBSZ;;’EWZ JliBnit 6eper Y ninomy

Terra FRE 0,650 0,970 0,850 0,087 0,725

Aqua FRE 0,646 0,965 0,881 -0,676 0,750

S-NPP FRE 0,680 0,922 0,891 -0,007 0,746

NOAA-20 FRE | 0,481 0,859 0,951 -0,156 0,649

Terra FRE 0,500 0,944 0,853 0,093 0,619

Aqua FRE 0,613 0,974 0,747 -0,675 0,722
S-NPPFRE 0,676 0,942 0,913 0,229 0,740

NOAA-20 FRE 0,415 0,869 0,673 -0,061 0,592
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2. Y nopiBHSHHI 3 MeTOlaMI OLIiIHKM eMicii pafiio-
aKTMBHOCTI, OCHOBAaHMMU Ha BUKOPUCTaHHi iHdopma-
1Iii PO €KOJOriYHi XapaKTepUCTUKM TEPUTOPii TOpiHHA
(mmomia ropiHHs, 3amacu 6GiomanuBa, OTO BOMOTICTH,
IIOBHOTA 3TOPAHHA), 3alIPOIIOHOBAHNII METOJ, BUKOPU-
CTOBY€ JIMIIIe MOTOYHI IaHi CYTyTHUKOBUX CIIOCTEPEKEHD
PO KiZIbKICTh 1 pO3TAalllyBaHHA MiKCENiB 3 MOXKEXXaMI
Ha KapTi Ta 3Ha4€HHAMM MOTY>KHOCTI pajjiallilfiHOTO BU-
npomiHoBaHHA FRP, a TakoX jaHi Mo 1iIbHICTD pafio-
aKTMBHMX BUIIaJJaHb Ha TEPUTOPIiI MOXKeXK1 Ta 3HAYEHHA
xoedilienTa eMicii akTMBHOCTi aepo30nbHUX YacTOK C,
10 YTBOPIOIOTHCA Tif 4ac TopiHHA. [010BHOIO NepeBa-
TOI0 TAKOTO MiIXOAY € MOXK/IMBICTD I0T0 BUKOPUCTaHHA
IJ1 IPOBEJEHHA OlepaTVBHIUX OL[iHIOBaHb Ta IIPOrHO3Y-
BaHHS HACITiAKiB TiCOBUX IIOKeXX, BKTIOYAI0UM MOMIE/TbHI
OLIiHIOBaHHA PO3MOBCIOJKE€HH paJlioaKTUBHUX a€p030-
7miB B aTMoc(epi Ta OLiHIOBaHHSA 103 ONPOMiHEHHS Iep-
coHany 3B Ta HaceleHHA 3a ii MeXXaMI1 3 BUKOPMCTaHHAM
KOMITIOTePHUX OH/IAVH-CUCTEM MiATPUMKY HPUITHATTS
pillleHb IOfI0 3aXVCTY JIOfieN Bifl BIVIMBY paliocaKTUBHO-
ro 3a0pyJHEeHHs HaBKO/MUIIHBOTO CepPefOBUIIA.

3. Il BUKOPUCTAHHS 3alIPOIOHOBAHOrO MifXO-
Iy HeOOXilHO KOPEKTHO BU3HAUMUTU KoedillieHT eMicii
AKTUBHOCTI aepo30nbHUX 4acTok C. ¥ uii poboTi Ha
OCHOBI CIiBCTaBJIEHHA OTPYMAaHMX Pe3y/IbTaTiB 3 OLjiH-
KaMU eMicii pafioHyK/IifiB mif 9ac moxesx y 3B y KBiTHi
2020 p., siki 6ynu BukoHaHi criBpobitHukamu YkpI'MI
[2], 6yno orpumaHo itoro 3HaveHHs 9,5 + 10~ m*/M ]Ik
nas ’Cs. IToTpibHO 3a3HAYUTH, 11O L1 Pe3y/IbTaTU MO-
KYTb POSITIANATHCA 3apa3 NyIIe AK IOIepefHi OLiHKY,
IO TOTPeOYIOTh MOA/IBLIOTO YTOYHEHHA. Y 3araJIbHOMY
BUMAJIKy KoedillieHT eMicii pafioakTuBHMX aeposonis C,
K 1 I0TO aHAJIOT [/1A OL[iHKM Macy HepaflioaKTVBHUX Y-
MOBUX YaCTOK, IIOBVHEH 3aJIeXXaTu Bif reorpadidvHoro
perioHy, TUIy POCIMHHOCTI Ta 3eM/IEKOPUCTYBaHHA Ha
TepuTOpii moskexxi. Vloro sHauenHs Mae 6yTu yTodHeHe
SIK 3a pe3y/JbTaTaMU PETPOCIEKTUBHUX JOCTi/I>)KEHbD JIi-
COBMX ITOXKE)X MUHY/IMX POKiB Ha pafii0aKTUBHO 3a0pya-
HEHUX TEPUTOPIAX, TaK i 3a JAaHMMM CIIel}iaJIbHO TIOCTaB-
JIEHUX eKCIIepUMEHTIB (30KpeMa, BUMipIoBaHb MUTOMOI
aKTMBHOCTi a€PO30/IPHUX 9aCTOK, 110 YTBOPIOIOTHCA Mif
Jac IOXKeXK).
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A method is proposed for assessing the activity of ra-
dionuclides released into the atmosphere during forest and
meadow fires in radioactively contaminated areas, based
on using satellite measurement data of the fire radiative
power (FRP), as well as data on the radionuclide deposi-
tion density in the fire area and the value of the emission
factor C of the activity of aerosol particles formed during
fires. The method was applied for forest fires in the Ex-
clusion Zone in April 2020. The used FRP values were
obtained from MOD14 (Terra) / MYD14 (Aqua) for MO-
DIS Collection 6, VIIRS (S-NPP) I Band 375 m and VIIRS
(NOAA-20/JPSS-1) I Band 375 m AF products of the Fire
Information for Resource Management System (NASA). A
comparative analysis of the data of these satellites showed
that the spatio-temporal dynamics of the spread of fire
areas in the Exclusion Zone is better reproduced by the
results of VIIRS radiometer measurements. Using the sat-
ellite data, calculations of fire radiative energy (FRE) were
made taking into account the daily course of aerosol emis-
sion intensity. Preliminary estimates of the C value were
obtained as 9.5 - 10* m?/M]J for '¥’Cs. These results should
be considered as preliminary estimates now. In the general
case, the emission factor for radioactive aerosols C should
depend on the geographical region, type of vegetation and
land use in the fire area. Its value may be clarified both by
the results of retrospective studies of forest fires in recent
years in radioactively contaminated areas, and by special-
ly conducted experiments (in particular, measurements
of the specific activity of aerosol particles formed during
fires). The proposed method enables operational assess-
ments and prediction of the consequences of forest fires,
including model assessments of the atmospheric transport
of radioactive aerosols and assessments of exposure doses
to the personnel of the Exclusion Zone and the population
outside it using online computer-based decision support
systems for protecting people from the effects of radioac-
tive contamination of the environment.

Keywords: forest fires, resuspension, radionuclides,
atmospheric transport, modeling, volumetric air activity,
Exclusion Zone, satellite monitoring of fires.
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Incmumym npobnem 6esnexu AEC HAH Yxpainu, eyn. /lucozipcoxa, 12, Kuis, 03028, Yxpaina

3MiHN B 00’€KTaX MiJCTUIBHOI MOBEPXHi Ta POCTMHHOMY MOKPUBI
B 30Hi Biguy:keHHs YopHOoOMmbcbkoi AEC 3a mepiog 19862017 pp.

Knrouosi cnosa:

JIaHi IMCTAHIINTHOTO

30HAYBaHHA 3eMIli,
KapTorpadyBaHH,

reoCUCTEMHMI aHali3 JaHUX,
kmacugikariist 06’€KTiB migCTMIBHOI
MTOBEPXHI Ta POCTMHHOCTI.

Haseneno pesynbraTty aHajisy 3MiH K/IaciB HiJCTMJIBHOI ITOBEPXHI Ta POCIMHHOIO
HOKpUBY B 30HI BiguyxeHHs Yoprobuabcokoi AEC 3a mepiox 1986—2017 pp. micis
YoproOunbcbkoi aBapii. [IokasaHO MeTOIVM BUKOPUCTAHHS JAaHUX SUCTAHI[IIHOTO
30HJYBaHHs Ta {HIIMX KapTorpadivHuX HXKepes [/isi CTBOPeHHs UM(POBUX KapTO-
rpadivHux MaTepiais, 1m0 BifoOpakaloTh Cy4acCHUI CTaH 00 €KTiB HABKOIMIIHBOTO
cepemosuia. KaprorpagyBaHHA IpoBefjeHO 3 BUKOPUCTAHHAM KOCMIYHMX 3HIMKiB 3a
pisHi mpomiku gacy. IIokasaHO IpOCTOPOBY HEOJHOPIJHICTD TEPUTOPIi 30HM BiffUy-

xerHs1 Yoprobuabcokoi AEC, sika MoefHye AiIAHKM HifIPUEMCTB OCHOBHOTO i1 [10-

HOMI>XKHOTO LMKJIiB Ta HPUPOAHI 06 €KTH, IO IPSIMO 260 OIIOCepeAKOBAHO 3MIHUINCS

ITiJT 30BHIIIIHIM BIVIMIBOM.

Bceryn

3a vac, o MuHyB micinsa YopHobunbcbKkol aBapii,
IiJl BIVIBOM IIPUPOJHMX Ta aHTPOIIOTEHHNX (HPAKTOPiB
BifOy/ucs 3Ha4Hi 3MiHM B 06’€KTaX HaBKOIUIIHbOTO
cepenoBuIna 30HM Biguy>xeHHsa YopHobunbcbkoi AEC
(mami — 4Y3B). LIi ¢akTopu cTanu YMHHUKAMU 3MiH
y IpUPONOKOPUCTYBaHHI TepUTOPil Ta BIVIMHYIN Ha
XapaKTep IpOLECiB Nepepo3NOfiNy pe4OBUH y NPU-
pogHMX KoMIIeKcax. Taki ABMINA Ba>K/INBO BUABIATH
i BpaxoByBaTH! B OLliHKaX pafio€KO/NIOTiYHOI KPUTUY-
HOCTi TepuTopii Ta BININBY Ha GOPMYBaHHA PiBHIB
pafiioaKTUBHOTO 3a0py/HEHHA B eKocucTeMax 30-KM
3oHU YopHobunbcokoi AEC i mpunernux go Hei Tepu-
Topiit. DopMyBaHHs BUCOKMX PiBHIB 3a0pyJHEHHS POC-
JIMHHOCTI B TOYaTKOBMII Mic/sgaBapifiHuil epion dyepes
HaJIXOJ)KeHHs 0i070riYHO aKTMBHUX PafjiOHYKTifiB
¥7Cs 1 °°Sr BHAaC/MiZOK BUMIAIaHHA Pai0aKTUBHOTO aepo-
307110 3 TIOBITPS, a Yepes PiK MiABUIIEHH 3a0py HEHH
KOPEHEeBMM LIIIXOM, OCOO/INBO Y KPUTUYHUX II€Pe3BO-
JIOKeHNX OpPraHOTeHHUX TaHANIadTax, SMiHNIOCA Yepes
ITATD POKIB Iic/s aBapii cTabinisaiiero nepexony pagio-

HYK/ifiB 3 rpyHTy B pocnunn [1]. Cporogui mporec
3a0pyAHEHHs IPYHTOBO-POCIMHHOTO KoMIiekcy U3B
IIPOMIOBXKYEThCA 3a paXyHOK IIPOLIECiB IepepO3NOLiny,
Mirpamii Ta akyMmynAnii pafioHyKIifiB: Ha TePUTOPii
IYHKTiB 3aXOPOHEHHS, Y MICIISIX TUMYacOBOTO 36epe-
JK€HHA paflioaKTUBHMUX BifJXOfliB, 3aMKHYTHUX BOJOIIMaX,
MaHAmadTax, po3MillleHNX y HUSMHHUX (popMax perbe-
¢y mo6nmmsy uux o6’exris. HaykoBi aHamiTuky Bif3Ha-
9aoTh, [0 MOOINBHICTb **Sr y IPYHTOBO-POCIMHHOMY
KOMIIJIEKCI Y 6/IVMDKHII 30HI 3 4aCOM 3pOCTaE, a KOHIIEH-
TpalisA y TPyHTOBUX BOfaX HaBKOJIO OKPEMMUX MicIlb
30epekeHHA paflioaKTUBHUX BiXO/iB 30iMbIIyeTHCA.
BinbyBaeTbcsa HakommueHHA **' Am, 110 Ma€ BUCOKY PyX-
NUBICTD Ta pafiOTOKCUYHICTD [2, 3].

OcCHOBHUII BMHOC pafiioHYKIifiB BigOyBaeTbcs
3 MOBEPXHEBMMU BOfIaMu, 0COO/TMBO I1i/] 9ac MaBOAKIB Ta
iHTeHCHBHUX 3/1MB. TaKi mporecu cnocrepiranucs B Me-
’KaX 3allJIaBHUX JUISTHOK PiYOK Ta iHIIMX BOAOVM [4].
IIponecu nepenocy Ta nepepos3nofiny paflioakTUBHUX
pedoBuH y nosirpi Y3B MaroTh B OCHOBHOMY JIOKaJIbHE
3HAYEHHS, 32 BUHATKOM BUIIAJKiB IIOXKeX, 10 OXOII/IIO-
I0TDb BEJIMKY IUIOILY.
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Mertoro pob60TH € HOCTif>)KeHHs 3MiH B 00’€KTax
HaBKO/IMIITHBOTO CepefjOBUIIA, 110 BifOymucsa B U3B 3a
nicnAaBapirtanit nepiop (1986-2017 pp.) Ta BUSHaYEHHS
MPOCTOPOBOI HEOJHOPIJHOCTI TEPUTOPIi 3 BUKOPUCTaH-
HSM JaHUX AMCTAHLITHOTO 30H/IyBaHH: 3eMIi 3a pisHi
MPOMIXKKM 4acy.

®axTopu, 0 BIVINBAKOTDH HA 3MiHN
B eKOCHCTeMaX Ta 00’ €KTaX MigCTUIbHOI MOBEepPXHi

TpaHcdopmariist B 06€KTax HaBKOMUIIHBOTO Cepefio-
BIII]a TOB13aHa 3 BUPOOHIYOIO [T STbHICTIO €KCIUTYaTyIOUMX
Ta HAYKOBO-BIUPOOHMYNX OpraHisaliiii, sIka BefleThCsI 3a ITa-
HOM poOir i3 MiHiMi3a1il Hac/ifKiB YOpHOOMIBCHKOT aBapii
Ta yTpuMaHH: U3B. 3a nyMy HanpsAMaMiu B 30Hi ITPAIIO0TD
6inmbue 10 TriC. Y0MOBIK. PU3KKM HeOe3MeYHOro BIIMBY Ha
HaBKOJIVMIIHE CepefoBUIIe MiTBUINYIOTh He/leralbHa TY-
PpYUCTUYHA LiA/BHICTD Ta CAMOBi/IbHE IPOKMBAaHHs JTIOfIEN
Yy BifIceTIeHMX Hace/leHNX ITyHKTax [5]. Ha yrBopenHs Bpas-
JIVBYX JO Aedsnii JiMsTHOK TOBEPXHi BIUTMBAIOTh TAKOX
IPYPOJHI YMHHMKY, LIO IIOBI3aHi 31 SHUIIIEHHAM a60 3Ha4-
HIM PO3PiKeHHSIM POCIMHHOTO IOKPUBY.

YHacnifiok eBaKkyanii HacesieHHA 3 TepuTopii U3B Ta
IpUIVHEHHS BUPOOHMUIITBA arpONPOAYKIIiI 3eMIi Cib-
CBHKOTOCIIOZIAPCHKOTO IIPU3HAYEHH A 3HAYHO TPAaHCPOPMY-
Basnuics. Jlo aBapii n101a CiIbCbKOTOCIIOZAPCHKUX YTifb
y Mexxax U3B cranoBuIa 61113bK0 39 % Bif yciel TepuTopii
[6]. Ha cporopi 1ii yrifgst mepeOyBaoTh IIij; BIVIMBOM Bif-
HOBJICHH S IPYPORHOI POCTIMTHHOCTI, 32 BUHATKOM Hi/IHOK
HiJIPUEMCTB OCHOBHOTO T JOIIOMIXXHOTO IJUK/IiB. 3a 4ac
micrns aBapii Ha YopHobunbcpkiit AEC BuBeseHi 3 arpap-
HOTO BUKOPMCTaHHA CiZTbChKOTOCIONAPCHKI YTififAg, a Ta-
KOX IUIOIII 3eMeJIb y BifjCeJIEeHMX HAaCeNTeHMX ITYHKTax
3apOCTa/Iy IEPEBHMMY IOPOAAMY Ta YarapHUKAMMU IIift
BIUIMBOM IIPOIIeCiB BTOPMHHOI cyKuecii. Oxpemi ginsaHKK
TepuTOpil Oy/IM BifiBefieHi Mifl I/TaHOBe JIiCOBiJHOB/IEHHS,
Ha IHIINX JiIAHKaX 6y/M po3MillieHi IPOMMCIIOBI 06 °€K-
TI. Buxopsa4dm 3 BUIleHaBeJEHOTO, aKTYa/IbHUM IIOCTAE
3aBJJaHHS OL[iHIOBAaHHS CTaHY Ta 3MiH B 00’ €KTaX HaBKO-
JIIIHBOTO cepenoBuiia B UY3B [7].

CraH npo6neMu Ta aHAITi3 TiTepaTypPHUX JAHNUX

B ocHOBI reocucTeMHOrO MifAX0ny MO OLiHIOBAaHHA
CTaHy TepUTOpii IOK/TaZleHO TeOpeTUYHe BI3HAYEHHS: Te-
PUTOPis JOCTIIYKEHHA € CYKYIIHICTIO eKOCUCTEM, B AKUX
KOMITOHEHTH 03B 5I3aHi M>K CO00I0 MOTOKaMI PEYOBMHNI
Ta eHePrii if MalOTh 3aKOHOMIPHY CTPYKTyPy Ta OpraHisa-
ito y mpoctopi [8]. Ile o3Havae, 110 0cO6MMBOCTI perbe-
¢y TepuTopii, TpOCTOPOBUI PO3NO/i/ IIOBEPXHEBNX BO,

I'PYHTIB Ta pOCIMHHOTO IOKPUBY (GOPMYIOTb KOMOiHaLi1
YMOB, CHIPUATINBUAX AA PO3BUTKY TUIIOBOI pOCTMHHOCTI
Ha KOHKPETHIili TepUTOPii.

BuBueHHAM cTaHy 6ionenosiB U3B, mirpauii pagio-
HYKJIi/IiB y POCIVMHHUX €KOCHCTEMAaX Ta BIUIMBY Ha
HAaBKO/IMIITHE CePeNOBUILe 00’ €KTa « YKPUTTSI» Ta iHIINX
papianiitHo HebGe3nmeyHUX O0O'€KTIB y Mmic/IsaBapiitHNI
nepiox salimManacs rpyna JOCIiIHUKIB IHCTUTYTY npo-
onem 6esnekn AEC HAH Ykpainu nif KepiBHUIITBOM
K. 6. 1. C. [TackeBuya, sxuit € aBTopoM Web-npoexry [9].
Hett pecypc MiCTUTDh KapTOCXEMU POCTMHHOTO IIOKPUBY,
a TAaKOXK MICIIETIOIOKEeHH YIIKOIYKEHNX TiCOBUX €KOCH-
creM ctanom 1o 2000 p.

Y Y3B Booromo6Hi BUAK TPaBAHUCTOI POCTNHHOC-
Ti (TpaBU BOJIOTVX JIYKiB) I03BI3aHi MiCIIeNIO/IO>KEHHAM
3i 3HIDKeHNMU popMaMul penbedy: TOUTHAMY, HUSBKY-
MU PIYKOBMMM Tepacamu, 6aikamuy, e chopMyBancs
B OCHOBHOMY BOJIOTO€EMKI /IEPHOBI OI/Ie€Hi Ta TOPPOBO-
60moTHI IpyHTH. Bi/blIl MiABAIEHNM CYXOLiTBHIM [ii/IAH-
KaM Ha Miclli 3Be[leHUX JIiCiB i3 lepHOBO-MiI30/IUCTUMU
I'PyHTaMy XapaKTepHa TPaBsIHUCTa POCIVHHICTD Iiepe-
noriB. CTaH pOC/IMHHOTO IOKPUBY IIOBEPXHi BIUIMBA€E Ha
npolecy gedyIALil, o COpUATD MAOMY PalioHYKTiTiB
i3 MMIOBMMY YaCTMHKAMMU. 32 JecATUPIUYA MiCA aBapii
HaYKOBLISIMM 3pO0/IEHO BUCHOBOK, 1110 MiC/Is TPUIIMHEHHS
posopioBaHHA TepuTopii mute 3,5 % Y3B MaroTh BuCOKMIt
CTyHiHb NuIonifyioMy. 3a3Hauanocs, mo 40—60 % BmicTy
1/10BOI (paKIil y cepefHbOCYI/IMHKOBUX Ta Ba)KKOCYT-
JIVMHKOBMX I'PYHTaX BU3HA4YalOTh BUCOKMII Ta Jy>Ke BUCO-
KM CTYIIiHb ypas/InBOCTi 0 BirpoBoro miayiomy [10]. Bix-
COTOK TaKMX TEPUTOPiNl 3SMEHIIYEThCA MiJ] YaC PO3BUTKY
IIPOLIECiB IIOHOBJIEHHA IPUPOJHOTO POCIMHHOTO MOKPU-
By. [IpoTune>xxunMu 3a HanpsAMoM € (paKTopy 3BefieHHA
JICiB Ta ypa>KeHHS ILi/IBHOTO POCIMHHOTO IOKPUBY, 1O
BUHUKAIOTD 33 PI3HNUX IpU4MH. Taki mponecy cupusiorh
PO3SBUTKY NPOLIECiB BITPOBOTO MifITIOMY, TOMY BKpaii BaK-
JIVBO ITPOBOJVTH TiCOMENTIOpaTBHI Ta 3aXVCHI 3aX0IM I/IA
30epexxeHHsI pOCIMHHOrO MOKpuBy U3B [7].

Ha Tepuropii UY3B B icropmyHOMY MMHY/IOMY IIif
BIUIMBOM XapaKTePHUX YMOB BOJIOT03a0e3IedeHOCTI
Ta POAIOYOCTI I'PYHTIB copMyBamics pisHi TmIN micy.
Oxpemi fepeBHi mopopy fyxe fob6pe afanTyBamucs A0
pisHMX exonoriunux ¢akropis. Hanpuxaz, coca moxxe
mo6pe poCTM Ha CYXUX I'PYHTaX 3 MilIaHNM MeXaHIYHUM
ckmagoM [11, 12] i Ha 3a60/1049eHNX AiNAHKAX — BOHA € Hall-
6i/1b1I PO3MOBCIOKEHOI0 lepeBHOI0 mopopoio B U3B. Io-
PpOIU fepeB, 10 BMMAralTh BOJIOTUX I'PYHTIB i3 BUCOKMM
piBHEM OpraHiYHMX pedoBUH, — Iie 6epesa, Binbxa, Ay0,
rpa6. I3 mepe3BomOKEHNMU 3aIIaBaMI PiYOK OB SI3aHi
micu 3 Bep6u, Binbxu, Tomoi 6i10i Ta 4opHoi [10].
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Meroau, TexHONOrii Ta MaTepiann
(mxepena inpopmarrii)

BuBueHH: TepUTOPii NPOBENEHO Ha OCHOBI F€OCH-
CTEeMHOTO MiAXOAy Ta KapTOrpadiuHNX METOJIB 3 METOIO
po3pobku KapT Tepuropii B Macmrabi M 1:100000 —
M 1:50000, xknacudikarii Teputopii, siKa Bifmosiga-
7a 6 perioHa/JIbHOMY Ta JIOKaJIbHOMY piBHAM. SIK iHCTpY-
MeHTapiit 6y/1y BUKOPUCTAaHi MporpaMHi makeru jis
reoiHdpopMmariirinoro ananizy — ArcGIS ta Maplnfo.

3acobu Ta iHcTpyMeHTapiit ArcGIS paooTh 3Mory
aHaJIi3yBaT JaHi, TOEAHYI0UN pi3Hi Iapy KapTorpadiunoi
indopmarii 3 TOYHICTIO BIAOBIAHO 0 MacuITaby — KapTu
piuKOBMX OaceliHiB Ta IXHIX CTPYKTYPHUX €lleMEHTIB, IIapy
IPYHTIB i POCIMHHOCTI 3a JaHMMM KOCMIiYHOI 3/IOMKM —
1 TaKMM 4MHOM BMABJIATH MiCLIETIONIOXKEHHS, 1[0 XapaK-
TEpHI /I Pi3HNX TUMIB POCIMHHNX YIPYIOBaHb (puc. 1).

3a paHuMM TomorpagivyHol 31IOMKM, OTPUMAHOI 3a
nporpamoto Shuttle Radar Topographic Mission (SRTM) 3a
I0LIOMOTOI0 KocMiyHoro amapara Space Shuttle (CIIIA) [14],
1o60yoBaHa MOJieNb penbedy, AKa OEFHYE KapTy IIPOCTO-
POBOTO PO3IOALTY BUCOTY MiCLIEBOCTI 3 KpOKOM 250 M, Bep-
THKa/JbHMM IIepepi3oM JJaHUX depes 5 M, Iapy PO3NOJiTy
KYTiB CXWMJIiB i3 3MiHOIO Bifi IJIaCKMX JIO Jy>Ke KPyTHX 32
knacudikarieto IIpogoBoIbIOL Ta CITBCHKOTOCIIONAPCHKOL

opranisarii O6’ egaannx Hariit (PAO), kmacudikartio exc-
MO3MLII CXVJIIB Ta KapTy PO3MOZTY 30H aKyMY/IALi Ta Ha-
HPSIMKY IUIOLMHHOTO 3MMBY B ME)XaX PiYKOBMX OaceiiHiB.
KapTu 0X0mmoTh pAMOKYTHY 06/1aCTh 3 KOOPAVHATAMI
W29.05385; E31.1058; N51.94638; $50.81808, 110 € jocTat-
HIM J/I XapaKTepUCTUKM penbedy 30HU BigUy>KeHHsA Ta
6e3ymoBHoro BificeneHHA YopHobmmbebkoi AEC.

Jna xnacuikarii Teputopii oTpuMaHo Habip pisHO-
YaCOBMX JAHMX JVICTAaHIIITHOTO 30HAYBAaHHSA CEPETHBO-
ro (30 M) i Bucokoro pospisHenHs (Buie 10 m) [15-17],
a TaKOXX Oy/iu jo/y4eHi HasiBHI KapTorpadivHi Matepiamm:
€/IEKTPOHHI KapTH IPYHTIB, TAKOK BUKOPUCTOBYBA/Iach yKe
HakoIm4yeHa indopmartist oo obmacti gocmimpkenns [18].

Il BUBYEHHA TUITY Ta CTaHY POCIMHHOCTI Ta 0CO-
6/1MBOCTeI MiACTUIBHOI IOBEPXHI iCHY€E ieKiTbKa BUAIB
TaHVX OMICTAaHLiTHOTO 30H[yBaHHA — MY/IbTUCIIEKTPalb-
Hi 3HIMKU 3eMHOI ITOBEPXHi B KOMOiHALiAX KaHAIB pi3-
HUX JOBXXMH CIIEKTPa €/IeKTPOMarHiTHOIO BUIIPOMIiHIO-
BaHHA. KoM6iHa1is cieKTpa/IbHMX 30H 3HIMKIB yTBOPIOE
KOHTPACTHe KOJIbOPOBe 300paXKeHHsT 00 €KTIB MiICTU/Ib-
HOI oBepxHi (#/1s1 cymyTHuka Landsat mpoctopose po-
3pisHeHH: 30 M). 3HIMOK Ma€ AermnpyBanbHi O3HAKN:
TEKCTYPY Ta CHEKTPaTIbHY SICKPaBIiCTb 06’€KTIiB Ha 3eMHiil
MIOBEPXHi, BUSHAYEHY B CIIEKTPi IIKaau 3 255 KOMbOPIB.
Ilns BupineHHs o6macTi mocimkeHHs Oyna CTBOpeHa

wissnii oxiz (22-67)

safse pisa o
M (KA (67-112)

T2 aye nosori

Ky

Mogens peneedy 3oHA
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Puc. 1. Mopens penbedy,
nobyfoBaHa 3a JaHUMU
TornorpadidHoi 3110MKI
Shuttle radar topographic
mission (SRTM):

a — 3 KpokoM 250 M,

6 — xmacudikarisa KyTis
cxuny (%),

B — €KCIIO3MIIisl CXUJIiB,
I — 30HM aKyMy/IALii Ta
HaIpsAMKM CTOKY: 1 —
6acerts rupna p. Ilpu’srs;
2 — baceitH p. YK
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BeKTOPHa KapTa Mexx U3B, sika ysrojpkeHa 3 30HyBaHHAM
BipmosingHo fo ITocranoBu Kabinery MinicTpiB Ykpai-
Hu Ne 106 [18]. 3a kaprorpadivHnMy faHUMU IUIOIIA 1l
2182 xM?, 110 B MOPIBHAHHI 3 JaHUMU HiI0YUX HOpMa-
TUBHMX aKTiB Mae moxm6ky npubmmsHo 82 km’. Taka
He3HayHa I0X1OKa /Ja€ MOXIMBICTb BUKOPUCTOBYBATI
BEKTOPHY Bepciio KapTorpagidHoro mapy ajas aHajisy
CTaHy TEpUTOPIl.

HaHi gucTaHIiIHOTO 30HAYBAaHHSA 3eMJI, Bij3HATI
B pi3Hi Ilepiofiut 9acy, Jal0Th 3MOTY PO3MEXOBYBATY TUIIN
POCTIMHHOCTI, IXHill CTaH, BUAUIATU 06 €KTH i3 MITYYHMX
MarepiasiB Ta 06/macti 6e3 pOCIMHHOCTI, BOHI 00’ €KTH,
3a060J104eHi TepUTOPl, aHa/TI3yBaTV AMHAMIKY CTPYKTYpPH
POC/IMHHOTO TOKPUBY, 4 CaMe BU3HAYaTy TPUOIN3HNII BiK
6araropiunHux pocnus [19, 20].

Pisni koMbiHamii crieKTpa BUAMMOrO Ta iHppadepBo-
HOTO BUIIPOMIHIOBAaHHSI Jal0Th MOXK/IMBICTDb BUBYATH IIPO-
CTOPOBi 0COOMMBOCTI CTPYKTYpH, iXHi 3MiHM Ha HiNAH-
KaX [OBEPXHi Ta BU3HAYATH IPOLECH, 1110 BiTOYBaIOTbCS
3 POC/IMHHUM HOKPVMBOM, HAIIPUK/IAZ 3MiHNU IPOEKTUB-
HOTO IIOKPUTTS TPaB THUCTOI 260 JiepeBHOI POCTIMHHOCT,
if cTaH, HACMigKM MOXeX Ta iH. Ha KocMidHOMY 3HIMKY
B naitpi konbopis RGB 3poposiit micosilt pocnmHHOCTI
BiZIIOBiflae TeMHO-3€/IEHUI Ta SICKPABO-3€JeHUI KO-
JIbOPY, 3OPOBIil TPaB AHUCTINl POCTMHHOCTI — CBIT/IO-
3e7IeHMIt, 31B’ A/l — >KOBTO-COJIOM SIHMI, BIIKPUTOMY
IpyHTY 6€3 POCTIMHHOCTI — pOXeBO-JIi/I0Bi a00 Kopud-
HeBi KOIbOPH.

Basyrounch Ha jaHNX 3a pisHi mepiopu yacy (Tabmiis),
Oyt po3po6IeHi BEKTOPHI KapTy MiACTUIBHOI TOBEPXH i1

HaHi gucTaHIiIHOTO 30HAYBaHH I, [0 BUKOPUCTAaHI /I KnacudikaniitHux kapT

CynyTHUKOBI faHi Jarta Ta po3finbHa 3aTHICTD, M O6’extn as igenTudikanii

DigitalGlobe: Landsat, Spot, Airbus 05.06.2013 30;2,5-0,6 O6’exTy moOLIeI0 MeHIe 1 KM?
08.13.2017

Landsat 8 (MynpTHCIIEKTpanTbHNUI 3HIMOK) 02.10.2017 30

Landsat 7 (MynbTUCTIEKTpanbHMiL: 5, 4, 3 Heopuopianocti pocnHOro

KaHam) 2010 30 HOKPVBY: TUII POC/IMHHOCTI Ta
05.30 1986 10ro CTaH

Landsat 5 TM 1989 30

Landsat 7 (zaHi criekTpanpHuX KaHaaiB Red

1a Near InfraRed) 1999 30 Pospaxynok sHauenp NDVI

5

—ﬁ

51

¢/r yrigas: pinns 1a nyku

= TpaB’AHHCTA Ta ICPEBHO-4ArapHHKOBA
POCIIHHHICTE

6e3 poCIMHHOCTI

5

29 29

Puc. 2. BekTopHa KapTa 00’€KTiB MiACTUIBHOI TOBEPXHI I TUIIIB POCTMHHOTO TOKPHUBY, CTBOPEHA
3a JAaHMMM KOCMIYHOI 3110MKM (CTaH Mic1ieBOCTi Ha TpaBeHb 1986 p.)
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TymiB pocimaHOCTI Y3B (puc. 2) 3a 1986, 1999, 2017 pokn.
Kaptu 6yno BepudikoBaHo 3a reonpus’s3aHOIO pacTpo-
BOI0 TonorpacgivHoo Kaptoo M 1:100000 (ctaH Micie-
BocTi 3a 1986—1991 pp.). [laHi 3a HaceleHNMY ITyHKTaMu
nepesipeHi 3rigHo 3 kmacudikaropom KOAATY.

Hasopumo sHayeHHs 1101 Kaacis ( %), BUSHAYeHUX
11 00’ €KTIB MiACTM/IPHOI HOBEPXHi Ta TUIIIB POCIMHHOTO
IIOKPUBY CTaHOM Ha 1986 p.

Jlic 53,02
CinbcbKOTOCMOAAPChKI YTiAA: pi/ia Ta TyKU 38,50
Haceneni nynktu 3,87
ITnaBui KniBchbKOro BOgoCxoBuina 2,11
CraB-0X0/0/>KyBay Ta iHIIi BogoiiMu 1,01
ITpomucnoBi 30HU 0,54
Inmi 0,07

3 paHMX BUAHO, o Ha 1986 p. 91 % TepuTopii 3ariManm
TICH Ta CiMbCPKOTOCTIONAPChKi YTifA.

Kateropii 06’ ekTiB
ctaHoM Ha 1986 p.

D

HaceneHi nyHKTH |——* —=
R

Bosni 06’ ekt
Ta MeNiopaTHBHI
CHCTEMH

06’ exTH, NIANOPSLIKOBAHL
[iANpUEMCTBAM

Amnaji3 MicllermonoXeHHA TUIIB HiICTMIBHOL 1O-
BEPXHI Ta KJIaciB pOC/IMHHOIO IOKPUBY B Pi3Hi nepiogn
MIOKa3Ye, 0 IPMPOLHIi Ta aHTPOIOr€HHi YMHHVKMN BIUIN-
BAaIOTb Ha IXHIll CTaH Ta cTPYKTYpY (puc. 3).

3a JaHMMM KapTH IJIOIIA /TiCy cTaHoBMIA 1 157 kM2
INopiBHIo0un 3 faHNMM aT/1acy (18], me mwroma micy B UY3B
craHoBua 1100 km?, MaeMo TTOXUOKY 5 %.

MeTopy BUBYEHH I JMHAMIKN PO3SBUTKY
POCIVHHOTO MOKPUBY Ta JI0r0 CTAHy

IIns1 BUBYEHHS KiTbKiCHUX MOKa3HMKIB BEreTaTMBHOI
Macy pOC/IVH i 3MiHM B POCTTMIHHOMY IIOKPMBi BUKOPYICTOBY-
0Th Beretauirai iHgexcy. OFHMM 3 HaltOTbII O PEHNX €
HOpMaJtisoBaHui1 BifHOCHUII iHfekc pocmuaHOCTi (NDVI).
Inpexc NDVI € BigHOIIEHHAM pisHUIi Ta CYMI JaHUX Ka-
HatiB iHppavepBonoro (NIR) i ueponoro (RED) cniexTpis

BUIIPOMiHIOBaHHS, II0 PO3PAaXOBYETHCA 3a GopMyIIoro [19]

NDVI = (NIR - RED) / (NIR + RED).

Kareropii 06’ ekTiB
craHoMm Ha 2017 p.

| — mepenory 3 TpaB’AHHUCTOK POCITHHHICTHO,
2 — y4Ha POCIMHHICTE Y 3HWKEHHX (opMax
penbedy, iHoai 3a00n0ueHa;

3 — Jic NPHPORHOTO MOHOBJEHHS;

4 — NiNAHKH OATPHEMCTB OCHOBHOTO

Ta A0noMizkHoro uukiis Y3B

| — miepenory 3 Tpas’ AHUCTOIO POCTHHHICTIO
Ha MiCLli ropoiB;

2 — nopyuieHa 3a0y1oBa;

3 — J1ic IPUPOAHOTO TIOHOBIICHHS,
NepeBaKHO JTUCTAHU

4 — NiNAHKKA NiITPUEMCTB OCHOBHOTO

__Ta J0NoMiskHOro uK/iB Y3B

1 — Jic 3pinuii rycruii;

2 — Jlic, VIIKOIMKEHHH B NOMKENK
Ta iHIIHX AECTPYKTHBHHX SBHIL
3 — ninstHKK pianH abo 6e3 AepeBHOTO MOKPHBY;
4 — niic, BIJHOBJICHHI1 YHACII0K

€KONIOTTUHUX 3aX01iB 400 NPHPOIHUM YHHOM

3MiHeH1 BOIHI 00 €KTH
1 — 3MiHa pyciia piuoK BHAC/II0K BOAHOT €po3ii;
2 — nepecHXaHHA BOAOIM;
3 — 3a000uYBAHHS MEJIIOPATHBHUX CHCTEM,
4 — 3minK BHAcHiaoK peabinitauiiinux podir

3MiHEHI AiAHKH iAPHEMCTR
1 — 3MiHH BHACHiIOK peadiniTaliiHUX pobiT;
2 — 3MiHM BHACIIIOK TEXHOJIOTIYHHX MPOLIECIB

Puc. 3. 3minn y ctpykTypi npuponoxkopuctysanHsa U3B 3a nepiox micnsa aBapii

Ha Yopuobunbcokiit AEC (1986-2017 pp.)
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Cmandapmmna wixana 3navennss NDVI
07151 Pi3HUX MUnNie 00 exmie

I'ycra pocnuHHICTH 0,7
Pospim>xeHa pocIMHHICTD 1o 0,5
BigkpuTuit rpyHT 0-0,025
Bopga -0,25
lITyuni maTepianu (6eToH, acdannT) -0,5

3uavenHs: ingexcy NDVI Bapirorors Bif -1 fo 1ima-
I0Thb IMHAMIiKy POTATOM BeTeTaliliHoro nnepiogy. Pocnn-
HIU 3 BEJIMKOIO 610MacoOI0 Ja0Th BUCOKI 3Ha4YeHH I BHACII-
IOK TOTO, 1[0 XJI0PO(i/l XIOPOIIACTIB Y MUCTAX POCTNH
IIOT/INHAE BUIIPOMiHIOBaHHSA YE€pPBOHOI 30HM CIIEKTPa
(Red) i Bin6uBae xBui indpavepBonoro crexrpa (NIR)
[19]. Ha puc. 4 mokasaHo knacudikaiiio, IpoBefieHy 3a
BereTanifHNMM iHAeKcaMu jia U3B 3 BukopuctaHHAM
naHux 1999 p. Ha pucyHKy BUAHO, 1[0 BUTOPiNi BUAIIN

3
Knacw 3a anawernam NDVI

|:| Biakpiraii rpysr 0-0.1
= He minsna
TPAB' HHCTA POCTHKHICTE 0,1-0.25
He miisnbya aepesna
KiHenn Bereranil
[lunna acpeana
POCHHHICTH
POCTHHHICTS YUTKOTKEHA
nomeKEI0

JiCy MaroTh fy>Ke HU3bKi 3HadveHHA NDVI — po 0,1-0,2.

Ha puc. 5 HaBefjeHO KapTy K/IaciB MifICTUIBHO] 1O-
BEPXHIi 11 pOCIMHHOTO MTOKPOBY CTAaHOM MiCII€BOCTi Ha
2017 p. Cy4acHuii cTaH TUIIIB pOCINHHOCTI B U3B moka-
3Y€, 10 K/IaC CiTbChbKOTOCTIONAPCHKIUX YTiflb MOXKHA PO3Ti-
JINTYU Ha KaTeropii: BTOpMHHI Ticy (ZepeBHa pOCINHHICTD
IPUPORHOTO BiJHOB/ICHHSI), TPaBAHNUCTY POCIMHHICTD
MiIBUIIEHUX MiCI[e[I0/I0KeHb PIBHUH BOAONIbOOBUKO-
BOTO IOXO[>)KEHHA Ta Ty4YHY POCIMHHICTD y 3HVDKEHUX
¢dopmax penbedy: MoMMHAX Ta 3aIIABHUX AIISHKAX pi-
40K. Bik mepeBHMX mOpif, 1110 BupoC/in Ha OibLiit Tomi
nepesoris, Moxxe 6yTu 15-30 pokiB, 3a gaHuMu Ha 2017 p.
BOHIU 3aiIMa0Th 6/1u3bKo 12 % Tepuropii U3B.

ITporecu, 1110 BiiOyBaOThCs y IPUPOJFHOMY Ceperio-
By Y3B AK cKIaHiNi cucTeMi, MaIOTh pPi3HUI HAIIPAM.
3MeHIIIeHH IO Iif] JIiCOBOIO POCIMHHICTIO BifbyBa-
JIOCS TiJ BIJIMBOM IIPOLIECiB 3BeleHHA Ta PO3PiJKeHHA
TiciB YHACIiOK IJIAHOBUX PYOOK ab0 IOXKeX, BIMO-

Puc. 4. 3Minu crany micy Ha KOcMivHMX 3HiMKax 1A U3B: a — Landsat 1999 p.: 1 — iic, mwo Bererye, NDVI > 0,5 (3rapuima
yrBopuucs micist 2000 p.); 2 — yurkopkennit tic NDVI < 0,1 (srapuia yrBopunucs go 2000 p.); 6 — cran ginsHku Ha
1986p. — 3pinmii nic; B — AinsAHKa srapuia Ha 1999 p., NDVI < 0,1; r — 3apocTaHH LiIAHKK 3rapuia Ha 2017 p.

80 ISSN 2311-8253 Nuclear Power and the Environment Ne 4 (19) 2020



3MiHM B 06’€KTaX MiACTUIBHOL TIOBEPXHI Ta pOCTMHHOMY IOKPUBI

KaHHsI Ta BUMAJiHHA [lepeB Mif Ii€l0 PUOKOBMUX 3aXBO-
PIOBaHb, a TAKOX pafiialliflHOTO ypa>keHH:A B MepUINii
nepiop micns aBapii. Jlicorocrmogapcbki 3axonu OO Bifi-
HOBJIEHHA JIiICY BHAC/TiOK 3aK/aJlaHHA HOBUX JilAHOK
TiCy Ta NIpMPOJIHE 3apOCTaHHA IEPEBHOI0 POCIVHHICTIO
KOMIIEHCYIOTh YKa3aHi BUIIle HETaTUBHI HACTiKIL.

3aranbpHa IJIOMIA ITif] epeBHO pocnuHHIcTIO B UY3B
(6e3 ypaxyBaHHs IUIOL] IPOMMC/IOBUX Hi/ITHOK Ta [ijA-
HOK i3 BUpakKeHUM Mo3aiYHUM IoKpuBoMm) Ha 2017 p.
cranoBmaa 6mmspko 1400 km? Ha cinbcprorocmomap-
CBKUX YTiA[sX Ta B HacCeJeHUX MYHKTaX BifOyBaBcCs
IpolieCc BTOPMHHOI CyKIIecii, TOOTO 3apOCTaHH JepeB-
HMMU BUAAMU, 3aMill[eHHS Ky/IbTUBOBAaHNUX JIO aBapii
CiIbCHKOTOCHONAPCHKIUX POCIVH Ha IPUPOIHI TPaB’si-
HICTI Ta JlepeBHI BUAMK, fesAKi AinsHKU 6Y/I0 BigBeeHO
iz mpomuciosi 06’ektu. CyMapHWit BIUIVB BUILe3raa-
HUX IIPOIIeCiB Mpu3BiB K0 30iMblIeHH IO Mif Tico-
BOIO POC/IMHHICTIO i, K HAaC/MiflOK, 3MEHIIEHH BININBY
€pO3iifHMX MpoIeciB.

IToropHi Ta aHTPOIIOreHH] PaKTOPY BIUTMBAIOTH Ha -
HaMiKy cTaHy BogHux 06’exTiB U3B. Ilocynmsi nepiogu
Ta 3MEHIIeHHsI 00CSTiB Ha/[XOKeHHs Boau 3 . [Ipur’sate
Y BOTOMIMY-OXO/IO>)KYBad 3HaYHO CKOPOTUB IUIOLLY Ji3ep-
KaJla BiJKpUTOI BOHOI TOBEPXHi 06'€KTa, BitOyBa€TbCs
IIpOLieC 3apOCTaHH: OeperiB Ha MilJaHOMY IPYHTI.

3HaYHMII BIVIVB Ha 3MiHM B 00 €KTaX HABKOIUIITHBOTO
CepefoBMIIA MAIOTD JTICOBI TOXKEXK], 1110 SHUIITYIOTb JTiCOBMIT

IIOKPYB Ha BeJIMKUIT IPOMIXKOK 4acy Ha BiJMiHY Bifi BU-
TOPAHHSI TPABSTHUCTOI POCIMHHOCTI, SIKa Bi/JHOB/TIOETHCS
IIPOTATOM OFHOTO POKY. BiTHOB/IEHHA JTiCy ITiC/IA MOXKeXi
(BTOpMHHa CyK1lecis) BinOyBaeTbcA npubmmsHo 3a 20-30
POKiB i MOXe OyTV BUSHAYEHO 3a JaHVMU AUCTAHIIITHOTO
30HAyBaHHA. 3a Lieli Ilepiof; Ha BUTOPIIili Bi/AHI lepeBHA
POCTMHHICTD BiJHOBIIOETHCS MaliXKe TIOBHICTIO 32 YMOBH,
IO Ai/IAHKA pO3TallOBaHa HeMlaleKO Bifl 3piIoro micy.

BucHoBKkHu

BuxopucTtanHA JaHMX OVCTAHLITHOTO 30HyBaHHA
3a pisHi Iepiofiy 4acy pa3soM 3 HasABHMMM BEKTOPHUMU
KapTaMI TePUTOPIi Aa/I0 3MOTY pO3pOOUTH KapTy Cydac-
HOTO CTaHY HifICTM/IHOI TOBEPXHIi Ta pOCIMTHHOTO MTOKPH-
By U3B. AHasi3 1aHUX II0OKAa3aB, 10 Mic/A asapii Ha Yop-
HoOunbcbKiit AECy 1986 p. Hati6i/bl1i 3a II01IeR0 3MiHM
BifOyIuCA 3 POCIMHHMMM YTPYIOBaHHAMY Ha 3eMJISAX
CiIbCHKOTOCTIOaPChKOTO ITpu3HadeHHA. [1noma BTopna-
HUX JTICiB Ha TaKMX Oi/IAHKAX CTaHOBUTH 31 % mmomi UY3B.

Bennky mkopy nicoBiit eKOCHCTEMI 3aBAIOTh IO-
JKeXi. YIIKOJ KeHi MOXKeXeI0 icH Ta lepeBHa POC/INH-
HICTb IPMPOJHOro NOHOB/eHH Yy Y3B cranoM Ha 2017 p.
CTaHOBIATD 41,3 KM?, 11e 67113bKO 4 % 11011} J1ICOBOI pOC-
JIMHHOCTI.

Opranisanis TMMYacoBuX Micip 360py Ta 36epe-
JKEHHA paJjioaKTUBHUX BiIXO[liB, IepeMillleHHA IeBHUX
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Puc. 5. Knacuikamis 3a TumaMu 06’e€KTiB MiffCTHM/IBHOI IOBEPXHI Ta POCIMHHOrO MOKpuUBY (gani 2017 p.)
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006¢ATiB pa/jioaKTMBHMX BiIXO/iB 3 IYHKTIiB TMMYacOBO-
ro 36epiraHHs BIUIMBAIOTh HA 3MiHY PiBHIB 3a0pyaHeH-
Hs KOMIIOHEHTiB HaBKOJMIIHBOTO cepemoBuina B U3B.
Po3spaxyHku 3a KapTorpagiuHNMM JaHUMM ITOKA3aln,
10 II/ISTHKY, BifiBefleH1 if| MiiIPYEMCTBA OCHOBHOTO Ta
[IOTIOMIXXHOTO IMKITy B U3B, 0XON/TI0I0Th I/1011y 6/1M3bKO
56 kM?, 3 HUX 42 % II01L] BKPUTIi iepeBHOIO POCTMHHICTIO.
CraH TaKMX 3a/1iCHEHNX Ji/ISTHOK BIUIMBAE HA MOXKEXHY
Hebe3IeKy Ha CTallilOHAPHMX Ta TMMYACOBMX Ai/IAHKAX,
NpU3HAYEHUX [/ JI0Kali3alii paJjioakKTMBHUX BiJIXO/IiB.
OT>ke, HABKOJIO TaKMX Ai/ITHOK HEOOX1THO OpraHi3oBy-
BaTy MiHepajai30BaHi CMYT¥, HIPOBOAUTY CBOEYACHUIL
IOT/IA], 32 HACAPKeHHAMN: BUPYOyBaHHA YIIKO[KEHNX
IIKiJHUKaMU Ta ITPUOKOBMMM 3aXBOPIOBAHHAMMU Jiepe-
BOCTaHiB, PO3YMILIEHHA TEPUTOPIl Bifj 3aXapallleHHA Ta
CYXOCTOI0, Haca/I>KEHH JIiCY Ha BUTOPI/IMX Ai/TAHKaX.

Y pesynbrari NIpoBefeHH:A aHaJIi3y Ta OLiHKM IPO-
CTOPOBOI HEOJHOPIIHOCTI TePUTOPIi BM3HAYEHO pO3Ta-
IIYBAaHHS [iIAHOK HiZIPUEMCTB, L0 MOXYTb OyTHU
J’KepenaMy pafioaKTMBHOTO 3a0pyAHEHHs Ta 3MiHU
y npupopHux Komiiekcax. CrBopeHo Habip nudpoBux
PacTpPOBMX Ta BEKTOPHUX KapT, 1110 BiTOOPa>KaIOTh CTPYK-
TYPY BOCIiIKyBaHOI TEpUTOPIi 3a pi3HiI IPOMIXKKM dacy.
BekTOpHI KapTy po3po6/1eHo Ha OCHOBI JaHVUX JVICTaH-
Li/THOTO 30H/JyBaHHSI /1 JOCTATHBO TOYHO BiTOOPa’KaI0Th
CY4YacHY CTPYKTYPY TepUTOpii, PiKCYIOTD ABUINA TA IIPO-
ecy, 1o BifOyBawThCA B Mexax Tepuropii. IIpoBenena
KaprorpacgivHa k1acudikanisa 06’ €KTiB migCTUIBHOI 1TO-
BepXHI Ta TUIIB POCIMHHOIO IIOKPUBY MOXKe OyTHU BU-
KOPMCTaHa IS aHaJIi3y 3MiH 30HU Biuy>keHHs Ta 6e3-
yMmoBHOTO BifcenenHs YopHoounbcbkoi AEC, a Takox
MapaMeTpuU3alii TUIiB MiICTUIBHOI TOBEPXHI B OLIiHIO-
BaHHI CTaHY 3a6pyAHEHH: HaBKOIMIITHBOTO CEPEOBMIIIA.

[ToepgHaHHS CTBOPEHOTO KapTorpadiyHoro marepia-
ny 3a gaHumu paktuaaux obcrexxenp [JCII «IliBHiu-
Ha [lymma» yicoBUX eKOCUCTeM JAaI0Th 3MOTy Oi/IbII J10-
CTOBIpHO BU3HAYUTU 00OCATU GiopecypciB Aist AiMsAHOK
3 BUCOKMMU piBHAMY 3a0pyZHEHHS PajioHYKTifaMu.
OrpumaHi kapTorpadiuai MmaTepianm fal0Th MOXKIUBICTD
BU3HAUUTH Ta BiJOOPasUTU Cy4acHY IIPOCTOPOBY CTPYK-
TYPY Ta XapaKTePUCTUKY 00 €KTiB IiCTUIBHOI IOBEPXHI
Vi po3paxyBaTy IJIOII] Ha 3MiHEHUX TEPUTOPIAX.
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Changes in the Underlying Surface and Vegetation
in the Chornobyl Exclusion Zone During 19862017

The analysis results of the type surface and vegetation
changes in the Exclusion Zone of Chornobyl Nuclear
Power Plant, for the period after accident in 1986 until
2017 are presented. In the article it is shown that after the
Chornobyl accident in 1986, the largest changes occurred
with vegetation on agricultural lands. Analysis of the
current state of vegetation showed that the area of restored
forest plantations on uncultivated lands amounted
to —31 % of the Chornobyl NPP Exclusion Zone.

Studies have shown that fires cause great damage to the
forest ecosystems. Forests and woody vegetation of natural
regeneration damaged by the fire in the Chornobyl NPP
Exclusion Zone as of 2017 amounted to 41.3 km?, which is
about 4 % of the area of forest vegetation.

It is noted that the movement of certain volumes of
radioactive waste from temporary storage points affect
changes in the levels of pollution of environmental
components in the Chornobyl NPP Exclusion Zone.
Cartographic calculations showed that the areas allocated
for the enterprises of the main and auxiliary cycle in the

Chornobyl NPP Exclusion Zone occupy an area of about
56 km?, of which 42 % is covered with woody vegetation.
The condition of such forested areas affects fire safety on
stationary and temporary areas intended for localization
of radioactive waste. It is stated about the expediency of
organizing mineralized strips, conducting timely measures
to care for plantations around such areas. Such measures
are — felling of damaged stands, clearing the area of dead
parts of trees, planting forests on burned areas.

Maps obtained after the analysis and assessment of spatial
heterogeneity of the territory are presented in the article. The
maps show the location of areas of enterprises that may be
sources of radioactive contamination and natural complexes
that was changed. It created a set of digital raster and vector
maps which reflect the structure of the study area for different
periods. Vector maps were developed based on remote sensing
data and fairly accurately reflect the modern structure of the
territory, capture processes occurring within the territory.

It concluded that the cartographic classification of
objects on the ground surface and types of vegetation may
be used for analyzing changes in the Exclusion Zone and
unconditional resettlement of Chornobyl NPP, as well
as parameterization of the type of underlying surface for
assessment of environmental pollution.

It is noted that the combination of the created
cartographic material with the data of actual surveys of
forest ecosystems makes it possible to more accurately
determine the amount of bioresources of the Exclusion
Zone in areas with high levels of pollution. The obtained
cartographic materials make it possible to determine and
display the modern spatial structure and characteristics on
the Earth’s underlying surface and to calculate the areas in
the changed territory.

Keywords: Earth remote sensing data, mapping, geosystem
data analysis, classification of objects underlying surface
and vegetation.

References

1. TAEA-TECDOC-1240. Present and future environmental
impact of the Chernobyl accident. Vienna: IAEA, 2001, 138 p.
Meshalkin H. S., Meshalkin P. S., Arkhipov N. P. (1994).
[Rehabilitation problems of the territory in the accident
zone at the Chernobyl nuclear power plant]. Problemy
Chornobylskoi zony vidchuzhennya [Problems of the
Chornobyl Exclusion Zone], vol. 1, pp. 17-19. (in Russ.)
3. Dzhepo S. P, Skalskii A. S., Bugai D. A., Gudzenko V. V,,
Mogylnyi S. A., Proskura N. I. (1995). [Polygon studies of
the migration of radionuclides at the site of the temporary

ISSN 2311-8253 SpepHa eHepreTnka Ta ZOBKi/UIs Ne 4 (19) 2020

83



O.T. Tumenko, B. I1. Jlanpin

10.

containment point for radioactive waste “Red Forest™].
Problemy Chornobylskoi zony vidchuzhennya [Problems of
the Chornobyl Exclusion Zone], vol. 2, pp. 77-84. (in Russ.)
Kireev S. I, Demynovych U. O., Smirnova L. I,
VyshnevskyiD. O., Obrizan S. M., Hodun B. O., Hurin O. S.,
Nikitina T. I. (2013). [Radiation state of contamination of
the Exclusion Zone in 2012]. Problemy Chornobylskoi zony
vidchuzhennya [Problems of the Chornobyl Exclusion
Zone], vol. 11, pp. 18-37. (in Ukr.)

Kholosha V. 1., Sobotovych E. V. (1994). [The concept
of the Chornobyl Exclusion Zone on the territory of
Ukraine] Problemy Chornobylskoi zony vidchuzhennya
[Problems of the Chornobyl Exclusion Zone], vol. 1,
pp> 3-17. (in Ukr.)

Prister B. S. (ed.) (2007). Vedennya silskohospodarskoho
vyrobnytstva na terytoriyakh, zabrudnenykh vnaslidok
Chorobylskoi katastrofy, u viddalenyi period [Conducting
agricultural production in areas contaminated by the
Chornobyl accident, in the remote period]. Kyiv: MEGA,
69 p. (in Ukr.)

Kuchma M. D., Fedotov L. S., Arkhipov M. P., Pasternak P. S.
(1994). [Ecological and forestry consequences of radioactive
contamination of forests in the Chornobyl Exclusion Zone].
Lisivnytstvo i ahromelioratsiya [Forestry and agroforestry],
vol. 88, pp. 12-18. (in Ukr.)

Glazovskaya M. A. (2002). Geokhimicheskie osnovy tipologii
i metodiki issledovanii prirodnykh landshaftov [Geochimical
basis of typology and methods for researching natural
landscapes]. Smolensk: Oikumena, 145 p. (in Russ.)
Chernobyl, Pripyat, Chernobyl nuclear power plant and
exclusion zone. All information and news of the Chernobyl
exclusion zone and the Chernobyl nuclear power plant, the
nature of contaminated areas. Web-project. Available at:
http://chornobyl.in.ua.

Davydchuk V. S., Zarudnaya R. F., Miheli S. V. (1994).
Landshafty Chernobylskoi zony i ikh otsenka po usloviyam

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

migratsii radionuklidov [Landscapes of the Chernobyl
zone and their assessment according to the conditions the
pass migration of radionuclides]. Kyiv: Naukova Dumka,
111 p. (in Russ.)

Paskevich S. A. (2005). [Transfer of *Sr and *’Cs by plant
phytomass in meadows and uncultivated lands of the
Chernobyl exclusion zone]. Radiatsionnaya biologiya.
Radioekologiya [Radiation biology. Radioecology], vol. 45,
pp- 281-286. (in Russ.)

Plyta P. G., Didukh Y. P. (1996). [Phytoecological research
in the ChNPP Exclusion Zone]. Problemy Chornobylskoi
zony vidchuzhennya [Problems of the Chornobyl Exclusion
Zone], vol. 3, pp. 39—-48. (in Ukr.)

Taxation description of land plots of forest fund as
01.01.2017. SSE “Pivnichna Pushcha”, 2017. (in Ukr.)
SRTM 90m DEM Digital Elevation Database. Available at:
http://srtm.csi.cgiar.org/.

World Imagery Digital Globe ArcGIS. Available at:
http://server.arcgisonline.com/services/ World_Imagery/
MapServer

Imagery Digital data SENTINAL-2 BANDS. Available at:
https://eos.com/landviewer.

Imagery Digital data LANDSAT. Available at:
https://landlook.usgs.gov/landlook/viewer.html.
Ministry of Emergency Situations of Ukraine, Intelligence
Systems GEO (2011). Atlas. Ukraine. Radioactive
contamination. Kyiv: VAITE, 2011, 52 p. (in Ukr.)

Lyalko V. I., Popova M. O. (eds.) (2006). Bahatospektralni
metodu dystantsiinoho zonduvannya Zemli v zadachakh
prirodokorystuvannya [Multispectral methods of remote
sensing of the Earth in nature management problems].
Kyiv: Naukova Dumka, 360 p. (in Ukr.)

Kokhan S. S., Vostokov A. B. (2009). Dystantsiine
zonduvannya Zemli. Teoretuchni osnovy [Remote sensing
of the Earth. Theoretical bases]. Kyiv: Vyshcha shkola,
460 p. (in Ukr.)

Hapinmna 02.11.2020
Received 02.11.2020

84

ISSN 2311-8253 Nuclear Power and the Environment Ne 4 (19) 2020



Penensisa

Ha pykonuc migpyynuka A. B. Hocoscpkoro, b. M. boupapsa «[losumerpis ta saxmucr
BiJf i0Hi3yF04Or0o BUNIPOMiHIOBAaHHA»

CporopiHi Bij0yBaloThcsA 3HaYHi 3MiHM y CBiJOMOCTI /IO[ICTBA, 10 6a3yI0ThCA Ha TYMaHHOMY CTaBJIe€HHI
IO IPUPOAY, IPUPOJHUX PeCypciB, HABKOIUIIHBOTO cepefoBuia. Ha sMiny iHgycTpianbHOMY BMPOOHUIITBY,
3aCHOBAHOMY Ha ifiel MiIKOpeHHA NPUPOAY Il MAPHOTPAaTHOTO BUYEPIaHHA NPUPOJHUX PECYPCiB, IPUXOAATD
KOHIIEMIIi1 rapMOHITHOTO PO3BUTKY CYCIIi/TbCTBA i3 3aCTOCYBaHHAM €KOJIOTI9HO YMCTHUX TeXHOJIOTIIA, 6aiiIMBOro
CTaBJIEHHS 10 IPUPOJHNUX 0AraTCTB, MIOACTBA i JOBKI/IA. Y TOII e 4ac 3a/IMIIAEThCA aKTYaIbHOI IpobieMa
3a/JOBOJICHHSI CYCIINIbCTBA €HEPTreTUYHMUMM PeCypcaMy 3 BUKOPUCTAHHAM SIlePHUX TeXHOOrii. [Intanus 6es-
[eK) MAIOTh IepIIOYeproBe 3HAYEHH IIifl Yac OL[iHKM PU3UKY eKCITyaTalii 00’€KTiB, 1[0 BUKOPUCTOBYIOTh
ANEePHi TEXHONOTI].

Po6ora, mo pelreH3yeThCs, IPUCBAYEHA BUK/TA/IEHHIO KYPCY OCHOB JO3MMeTPpii 71 3aXUCTY Bifl i0Hi3yI0unX Bu-
IPOMiHIOBaHb, 110 € AKTYa/JIbHIM 3aBIaHHAM CbOTOJIeHH, Y 3B3KY 3 HasABHICTIO Ha TepUTOPil YKpaiHu aTOMHMX
cTaHIil, Hacnigkamu aBapii Ha YopHoOunbepKiit AEC, mepcrnekTuBaMy pO3BUTKY aTOMHOI rajTy3i, a TAKOXX BIMO-
raMu 1o migrotoBky ¢axiBIjiB B ranysi 6esneky aTOMHOI eHepreTUK, AKi MOCTIHO 3pOCTAIOTh.

Marepianu, npefcTaBieHi B IbOMY HiPYIHUKY, JO3BOIATD POSIIAHYTYU I BUBYUTY OCHOBHI IIOHATTS, Te-
OpeTMYHI MiIX0AY, @ TAKOXK IPAKTUYHI METOAY NIPOBeIEeHH TO3UMEeTPUYHNX BUMIpIOBaHb, [0 MOTPeOyBaso Bif
aBTOPiB 3aCTOCYBaHHA CUCTEMHOTO IiIXOAY A/ BUKIaJLeHHA KYpCy.

Ha mipcraBi aHanisy 3HaYHOI KiZIbKOCTI JIiTepaTy pHMX JyKeper i 0cOOMCTOro HOCBily aBTOpPiB BUKOHAHO y3a-
raJibHeHHS HasIBHUX Ha CbOTONHI CYYaCHNUX 3HAHD, 110 3a0e3MeYyI0Th HeOOXiJHNUII piBeHb MiATOTOBKY (axiBIiiB
3 IUTaHb Jo3uMeTpii. HaBemeHO OCHOBHI 3aKOHO/IaBYi aKTM, BUMOTY HalliOHAbHUX 1 Mi>KHapOGHUX IIPaBUI i HOPM.
IToxasaHO CBiTOBMII JOCBiJ] Y Ta/ly3i HOPMYBaHHA i KOHTPOMIO JO3UMETPpUYHNUX BenndnH. [lopAx i3 saranpHUMU
HOHATTAMM TeOpii BUK/IafieHO METOAM i IPUK/IAAY MPAaKTUIHOI JO3UMETPii, 110 iM0CTPyI0Th aclekTn 6e3mexn
sIePHMX TEXHOJIOT1 1 3abe3IedeHHs pafiialiiiHOTO 3aXUCTY Bijj iOHI3yI0UMX BUIIPOMiHIOBaHb.

ABTOpM YCHIIIHO BUPILIN/IY 3aBIAHHSA PO3MillleHHS B OFHOMY BU/JaHHI OIITXMAa/IBHOTO 32 00CSATOM TeOpeTd-
HOTO JI TPaKTUYHOTr'0 KyPCy JO3MMETDPIi, 10 BUK/IAJA€ThCA B Halllifl KpaiHi CTyIeHTaM TeXHIYHUX BY3iB, AKi TOTYIOTb
¢daxiBLiB y cdepi BUKOpUCTaHHA ANEePHOI eHeprii it ykepest ioHi3ylouoro BunpoMinioBanuAa. KHnra npusHadeHa
HacaMIepe[ K HaBYaJbHUI NifPYYHUK I CTY/IEHTIiB i acllipaHTiB TEXHIYHMX BY3iB, a2 TAKOXK MOXXe CIIYyT'yBaTH
byHIZaMeHTaIbHIM JIOBiJKOBVM JI/IS1 IIMPOKOTO KOJIa HAYKOBUX i TeXHIYHNX (axiBIIiB, JOCTIKEHHA 11 TisTbHICTD
SIKUX [OBSI3aHi 3 TEOPETUYHMUMU JI IPAaKTUYHMMY NUTAaHHAMM 3abe3ledeHHs pafianiitHoi 6e3nexn npu poboTi
3 I>KepelnaMy 10Hi3yI090ro BUIPOMiHIOBaHHA.

Ilo cyTi, KHMTa € aKTyaJIbHMM HaBYa/JIbHUM i IOBiJKOBMM BUJAHHAM i3 TeOpii Ta IPaKTUKY JOSUMETPUIHUX
BUMipIOBaHb, IO CTaJ/IM HEBiJl €eMHUMM CyIIyTHUKAMM Cy4aCHOTO TeXHOJIoriyHoro npouecy. CboropgHi npodeciitno
IpaBU/IbHI 3HAHHA Y Lii ranysi A/ gaxiBiiB, a TAKOXK afleKBaTHE CIPUITHATTA X IIMPOKMMM MacaMi HaceJleHHs
crae 000B’A3KOBUM €/IeMEHTOM HAILIOTO XKNUTTA. IcHyBaHHA LMBini3anii Ha cydacHOMY eTami if po3BUTKY HEMMCTMIMe
6e3 BUKOPUCTaHHS >Kepes i0Hi3yI040ro BUIIPOMIHIOBAHHS B Pi3HUX cepax KUTTERIANBHOCTI TIOAMHA: IPOMMIC-
JIOBOCTI, MEJIVIIVMHI, HAYKOBUX AOCTI/I)KEHHX TOIIO, @ 3HAYNTD, 1 63 BUBYEHH OCHOB JO3MMeTPpii Ta pafiariiiHOro
3aXMCTY.

ABTOpU PO3YMiIOTh HEOOXITHICTh CUCTEMATIYHOTO MiBUIIEHHS piBH:A 3HaHb (PaxiBLiB y pO3IIAHYTIN ramysi
3HaHb. [TogampuInii pO3BUTOK KpaiHyu BUMarae Oy/iBHUIITBA aTOMHUX e/IEKTPOCTAHIIII, MiATPUEMCTB i3 3aX0po-
HEHHs paJioaKTMBHUX BiJXOAiB Ta BiAIIPal|bOBAHOTO SIEPHOTO ManNBa. PiBeHb ke pO3yMiHHS NMUTaHb 6e3IeKy,
3aCHOBAHMX Ha JO3VMETPUYHNIX BUMIpIOBaHHAX paliallifilHMX [TapaMeTpiB, 3a/IMIIAETHCA JOCUTDh HU3bKMM i BU3Ha-
Y4a€ThCS, SIK IPABUTIO, HelpodeciitHuMMy myoOmikalisaMu B 3acobax MacoBoi iHpopMmariii. 3a Iux yMOB O6i/bII HiXX
aKTya/JIbHMM € 3aBJIaHHs O3HAIOMJICHHS SIKOMOTA LIMPIIOrO Kojla MaitOyTHiX ¢axiBLiB 3 OCHOBaMU JO3MMeETPii
it papiariitHoi 6e3mexu.
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Perrensisa

be3cyMHIBHMMM JOCTOIHCTBaMM KHUTHM € 3ara/IbHMII MigXif 10 mpobiemu, ACHICTD, TOCTiZOBHICTD 1 HoXif-
NUBICTh BUKJIAfleHH. Y 1[i/IOMy BUIaHHS, 6€3CyMHIBHO, BUK/INYe BeMKUI iHTepec y ¢axiBIiB, BUKIafadiB,
CTYZAEHTIB i BCiX TUX, XTO IiKaBUThCS MUTAHHAMM HO3UMeETPii Ta papianiiiHoro 3axucty. l]s po6oTa mosuHHa
OyTy BufjaHa y BUIJIAZI OKPEMOTO JPYKOBAHOTO BUIaHH S, PEeKOMEHJOBAHOTO K MiJPyYHMKA /I CTY/IeHTiB BU-
VX HaBYaJbHUX 3aK/aZiB OCBITH, a TAKOXX O BUKOPUCTAHHA AK NPaKTUYHOTO JIOBiTHMKA [I/IS1 MigBUILEHHA
kBamidikalii mepcoHany aTOMHUX €eKTPUIHNUX CTAHIiil i 0O’€KTIB, 110 BUKOPUCTOBYIOTH JIXKepeya 10Hi3yIo-
YMX BUIIPOMiHIOBaHb.

3asioysau kapedpu monexynapHoi gizuxu ¢izuuroeo daxynvmemy
Hauionanvrozo ynisepcumemy Ykpainu imeni Tapaca llleguenka,
akademixk HAH Ykpainu,

0-p gis.-mam. nayk, npogp. /1. A. bynasin
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Bumoru 10 opopMIeHH HayKOBUX CTaTeill

IIpaBuna gnsa aBTopis

3aranpHi BUMOru

1. Pepaxuis 36ipHuKa «fIjepHa eHepreTuKa Ta JOBKI/UIs» IIPUIIMa€E paHilie Heomy6/IikoBaHi aBTOPChKi CTaTTi,
IO BifITIOBifjaloTh IpOGiNio BUJAHHA Ta MAIOTh HAYKOBE Ta IPAKTMYHE 3HaUYeHH:A. TeKCTM cTaTell Ta BCi MaTepiann
710 HUX ITOBMHHI OyTI peTeTbHO BifipejaroBaHi Ta nepepipeHi.

2. CrarTi, sKi € pe3ynbpraTaMi poOit, IpoBefieHNX y CTOPOHHIX OpraHisalisx, HOBMHHI MaTy CYIPOBITHMII JOKY-
MEHT BiJl IUX opraHisaniit. PasoMm 3i craTTero 1o pegakuii >kypHany Mae 6y Ty HOLaHUIT JOKYMEHT IIPO MOXK/IUBICTD
BifiKpuTOI my6mikauii MaTepialiB Ta 3sTOfly aBTOPiB Ha IOLIMPEHHS iX Yepe3 Mepexy [HTepHerT.

3. Matepiany, 10 HaXOAATD 1O PeAaKIii A/ MyOMiKyBaHHS, IPOXOAATh 000BI3KOBe pelieH3yBaHHs1. 3ay-
Ba)KEHHS PelleH3eHTiB HAIPaB/IsAI0Th pO3pOOHMKY MaTepiasiB 6e3 BKasiBKuU iMeH peleH3eHTiB. [Ticis oTpuMaHHs
pelLieHsiit 1 BifiIIOBizi aBTOpa pefakiiiiHa pajja YXBa/IIO€ pillleHHs PO MOXK/IUBICTD i MOpsAOK My6mikauii po6orn.
HesnauHi mpaBKM CTU/IICTUYHOTO, HOMEHK/IATYPHOTO Ta (pOpMarbHOTO XapaKTepy BHOCATD [0 TEKCTy 6e3 y3rop-
JKE€HHA 3 aBTOPOM.

4. Pefakuist mpuitMae CTaTTi yKpaiHCHKOIO, POCINICHKOI0 a60 aHITIIICBKOI0 MOBOIO.

5. Pykomuc cTaTTi MOXKHA IOJATH Y BUITISA/I €/IeKTPOHHOI KoIIii (Ha elleKTPOHHOMY HOCiI a60 eIeKTPOHHOIO
nomro). TBepza Komis cTaTTi mogaeThes 3a 6a>kaHHAM. EyleKTpoHHa Bepcis cTaTTi HOBMHHA 6yTH CTBOpEHa 3a
JIOTIOMOT0I0 TEKCTOBOTO pefakropa Microsoft Word 3 ypaxyBanHAM Takux BuMor: mpudt — Times New Roman;
Kerenb — 11 IT; MIXKPAZKOBMIT iHTEepBasl — 1,5; pO3CTaHOBKa IIepEeHOCIB — IepeHOoCiB HeMa€e; GOpMaTyBaHHSA — IO
WV PYHI; KOmip WpudTy — YopHuMIt; ab3ariHuii BifcTyn — 1,5 cM; po3Mipu 1oriB, MM: 371iBa — 24 MM, ciipaBa — 16 MM,
3BEPXY — 22 MM, 3HU3Y - 28 MM.

6. 3arasbHMIT 0OCAT CTATTi pa3oM 3 rpadiyHMMM MaTepiaTaMy He IIOBMHEH NepeBUIIYBaTK 15 cTOpiHOK dop-
Mmary A4.

7. Ha turyni crarTi Mae 6yTu mpepcrasneno ii YIK.

YKpaiHCBKOIO, POCIICBKOIO Ta aHIJIi/ICPKOI0 MOBAMMU C/Iifi HAaBECT:

Ipi3BuIIe, iMs1 Ta 10 6ATHKOBI aBTOPa;

JI0TO Y4YeHMI CTYIiHb, 3BaHHA, Hocafny, inentudikatop ORCID;

Ha3BY CTATTi;

aHOTAIIiI0 Ta KJTIOYOBI C/I0Ba.

8. Y pasi cniBaBTOpCTBA JOJATKOBO CJTiji BKa3aTy Mpi3Buiie, iMs1 Ta IO 6aThbKOBi aBTOPA, BiJIOBiZa/IbHOTO 32
KOHTAaKTYBaHHA 3 peflaKIli€lo, 10ro TenedoH i afjpecy eleKTpOHHOI MOLITH.

9. I'pacpiunnit Matepian (1opHO-6innit) MoAAIOTh OKpeMUMHU Bif TekcTy darnamu y ¢opmari EPS, TIFF a6o
JPG 3 rycTHOIO TOYOK Ha fiioiiM He MeHIue 300 dpi. 306paskeHHst moBUHHI 6yTHu sikoMora 3posyMminimumu. Hassu
Ta JOK/IafIHE IIOSACHEHH 3MICTY C/TiJj HABOAUTY B MIJINCAX MiJj pUCYHKaMU, a He Ha caMMX imocTpaniax. Texcr He
HOBMHEH IOBTOPIOBATH iHpOpMaIiito, IpefiCTaB/lIeHy B pUCYHKAX, BiH Ma€ Ti/IbKM JaBaT! OCHOBHI BCHOBKY 33 HIMMU
Ta pe3loMyBarTu iHpopMauio. K0 pUCYHKM MAaIOTh MaTy Ki/IbKiCTh IaHUX, IX BApTO 3aMiHUTH OIVCOM Y TEKCTi.
SIKIIIO pUCYHOK CKJIafia€ThCs 3 KI/IBKOX IiIPUCYHKIB (a, 0, B, ...), TO MIJIIIC JO PUCYHKA MAa€ MICTUTH OIIUC KOXKHOTO
3 MiIPUCYHKIB.

Posmip mpudTy HagmuciB Ha pucyHKax i migmucis go Hux — 10 T, rapuitrypa — Times New Roman.

I'pa¢iky noBuHHI BifoOparkaty BelMnKi 06CATY JaHUX ACHO i 3po3yMino. Odopmisioun B ctarTi rpadikim, aBTop
Mae IepeKOHaTHCS, 0 B HUX MifINCaHO BCi 0Ci, BKa3aHO BCi ONMHNII BUMIpPY [/ BeIM4MH, MiJJIIMCAHO BCi KPUBI
1 MaCUBHU TaHUX.
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CxeM1 JOIIOMaraloTh BU3HAYMTH K/TIOYOBI IeTaJIi B Ipoljeci, ToMy MaloTb 6y Ty o36aByeHi 3aitBoi indopmaliii.
Odopmnsioun cxemy, IOTPiOHO MifIMCATH BCi K/IIOYOBI €/IeMEeHTH /1 HABECTH JJOATKOBI IIOSICHEHH B 1i 3aTOTIOBKY
Ta OCHOBHOMY TEKCTi.

10. Tabnuui HyMepyOTh IOCTiIZOBHO, BiIOBIJHO /1O IEPIIOTro 3TaflyBaHHs PO HUX Y TeKcTi. [lepes KOXKHOIO
Tab/M1IeI0 TOBMHHA CTOATH 1i HasBa. Criff posmndpyBaTy BCi HeCTaHAAPTHI abpeBiaTypy y BUHOCKAX, BUKOPUCTO-
BYIOUU TaKy MOC/IiZOBHICTb CUMBOIB: *, **. CIIij] yIeBHUTHCS, 1[0 KOXKHA TAO/INIIS IPOLMTOBAHA B TEKCTI.

11. ®opmynu cTBOpIOIOTH Y popMynbHOMY pemakropi MathType Equation abo MS Equation Ta HymepyIoTsb y
KPYI/IMX IY>KKaX 3 MpaBoro 60Ky. I'perrbki i KupuinyHi nitepu B GopMyIax BapTo HabupaTy NpsamMuM mpudrom
(omIist «TeKCT»), TaTUHCBKI — KypcuBoM. [To3HaYeHHsI BeIMYMH i CMMBO/IN B TEKCTi i TAOMMIAX BapTO HAOMpATH SIK
e/IeMEHTH TeKCTY, a He sIK 00’ €KTU (POpMY/IBHOTO pefakTopa.

12. TlocumaHHA Ha PUCYHOK, Trpadik, cxeMy ab0 Tabmm1I0 € 060B3KOBUM Y TEKCTi CTAaTTi Ta 3rafiyeThcs 6e3mo-
CepefiHbO Tepef] PUCYHKOM, IpadikoM, cxeMolo abo Tabmuiero.

13. CKOpOYeHHs C/TiB, CIOBOCHOTYYeHb, HA3B, TEPMiHiB, 32 BUHATKOM 3araJIbHOIPUIHATUX, MOXK/IVBE TiIbKI
Iic/1s X TIOBHOTO IIEPIIOro 3raflyBaHH:A B TeKCTi. [lai Take ¢/10BO a60 GopMyTIOBaHHS CIIijf BXXMBATHU JIUIIIE B CKO-
POYEHOMY BUIJIAMI.

14. OpyHKLI BUMipIOBaHHA MAalOTh OYTY BKa3aHi y BiIOBIHUX METPUYHIX OAVHUIIAX 200 B IX HeCATKOBUX
KPaTHUX OfIVHUIIAIX.

15. Marepianu, sIKi He BiATIOBiZAaIOTh 3a3HaY€HUM BYMOTaM, PeJJAKIIi€I0 He PO3IIAfAI0ThCS.

16. ITy6nikanis y )ypHaii € 6e3KOMTOBHO0. BuIiata aBTOpChKOTro TOHOpapy He epenbadaeTbesl.

CrpyKTypa Ta 3MicT cTarTi

CrarTs noBuHHa Oy Ty MoOyJOBaHa 3a TPAAMULINIHNM /IS CBITOBOI HAyKOBOI IePiOAMKIY II/TAHOM: CTPYKTYpPOBaHa
3a po3fli/IaMM Ta 3aBepUIYBATICA KOHKPETHUMI BICHOBKAaMI, B IKMX y JIAKOHIYHIiN (pOpMi BUK/TaZleHO pe3yIbTaTH
po6OTHM Ta MPOMO3uIIil aBTOPA, 11J0 BUIIMBAIOTD i3 BUKJIA/IEHOTO MaTepiary.

HasBa cTaTTi OBMHHA BiffoOpa)kaTy OCHOBHY ifIel0 JOCiI>)KeHH T; aKIIeHTYBaTH Ha Ba>K/IMBOCTI OCTII>KEHH;
OyTH TaKOHIYHOIO; 3a11iKaB/IIOBATH YN TAiB.

IIpi3sBuia aBTOPiB aHIIIICHKOI0 MOBOIO IIOJAIOTHCSA BiITIOBIHO N0 NPUITHATOI MI>KHAPOJHOI CCTeMU TPAHCITi-
Tepauii (3 ykpaiHcpKoi — BifnosifHo no [Tocranosu Kabinery Minictpis Yxpainu Ne 55 Bix 27.01.2010 «ITpo Bopsip-
KyBaHHs TpaHCTiTepauil yKpaiHChKOTO adaBiTy TaTMHULEIO», 3 POCiICBKOI — BijIIOBiTHO 10 «CHCTEMBI TPaHCIN-
tepaunu bubnmorekn konrpecca CIIIA»). HaBeeHHs npisBuila y pisHUX CHCTeMaX TPaHCIIiTepaLii IpU3BOAUTD 1O
ny6moBaHHA IpodiniB (ifeHTUdiKaTOpiB) aBTOpa B 6a3i JaHKX (IPOQi/Nb CTBOPIOETHCA ABTOMATIYHO B pasi 36iry
JI0TO JaHMX IO ABOX ITyO/IiKalisax).

AHoranig - ne crucia ingopmanis npo 3mict crarri. bararo unTa4iB 3HaIOMUTUMYTbCS TI/IBKY 3 AHOTALIII0
CTaTTi, TOMy BOHa Ma€ OyTu 3po3yMinoro Ta iHpOpMaTHBHOIO 3a YMOBH ony6/IiKyBaHHS ii OKpeMo Bif crarTi. BoHa
He Ma€ IOBTOPIOBATY BiflOMOCTI, IIJO MICTATbCA B 3aTO/IOBKY.

AHoranist yKpaiHChKOIO Ta pOCilicbKor MoBaMu Mae Oy Ty po3mipom npu6ansao 1000 sHakis. OcKinbku €AMHUM
I>KepenoM iHdopMallii oo 3MiCTy CTaTTi /1A iHO3eMHUX CIeLiaTiCTiB € aHOTAlliA aHITIiIICHKOI0 MOBOIO, BOHA MA€
OyTu 6inbIoio 3a 06¢csarom (He MeHie 1800 3HaKiB), Gi/IbII CTPYKTYPOBAHOIO Ta He Ma€ Oy TU IIepeKIaHNM BapiaH-
TOM aHOTalil yKpaiHChKOI0 260 pocificbkoo. ONTUMaTbHNUM /IS TAKOI aHOTALil € CTPYKTYpYyBaHHs BiAIIOBifHO
10 OCHOBHIX €JIEMEHTIiB caMoi CTaTTi (AKTya/lbHICTh, MaTepianu Ta METOAM, BUCHOBKM ToI0). Bona Mae 6yTu iH-
¢dbopMaTHBHOIO (11036aB/IEHOIO 3aTa/IbHIUX C/1iB), 3MICTOBHOIO (BioOparkaTy OCHOBHUII 3MICT CTAaTTi Ta pe3y/IbTaTiB
IOCTi/IKeHb) i MICTUTU TepMiHOJIOTiI0, XapaKTepHY [/Is1 iIHO3eMHMX CIIelia/IbHUX TeKCTiB. HempuitHATHUM € Hepe-
JaroBaHMII aBTOMAaTUYHUIL ITepeKIaf 3a JOIIOMOTOI0 OH/IallH-CepBiciB.

Kn1o40Bi c10Ba BUKOPUCTOBYIOTHCS [/ iHA€KCYBaHHS pOOOTH B €IeKTPOHHUX CUCTEeMax Ta Mepexi [HTepHeT.
Yum kpaite 6yayTh mifibpaHi KI04Y0Bi C110Ba 0 poOOTH, TUM Oi/IblIle TI0feil 3MOXKYTh ii 3HAITH, 3A1/ICHIOYY T10-
LYK 32 TAKMMY CaMVIMM KJII0YOBUMMU crtoBaMu. Le 30U/IBIINTD YUTAHICTD CTATTI, @ OTXKE, MiIBUILUTH JIMOBIipHIcTb ii
nuTyBaHH:A. KI10490Bi c/10Ba MOBMHHI Bifo6pakaTit 3MICT CTATTi Ta 6y TV KOHKPETHMMH Y CBOII IIpeMeTHIl ramysi.

CrpykTypa cTarTi epegbdavae Taki OCHOBHI po3pinu:

BCTYII;
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CTaH po6/IeMM Ta aHAJIi3 JIiTepaTypHUX JaHNX;

IIOCTAaHOBKA 3aBIaHb JOCITiI>KEHH ;

MaTepianu JOCifKeHH s, eKCTIepMMeHTaIbHa YacTHa;

iHTepIperalis pe3y/nbTaTiB Ta ix anmpobaris;

BJMCHOBKI.

Bcryn mae Hagatu unTadesi iHpopMariito (30KpeMa JOBIIKOBOTO XapaKTepy), HeOOXiTHY AJIA TOTO, 1106 3po-
3yMiTH, IK€ IMTAHHSA BUBYAJIOCH, @ TAKOXX IIPUYMHMY, 3 AKUX aBTOP MIPOBOAUTD JOCTIKEHHA. Y BCTYIIi CTUCIO
HOTPi6HO BiZ0OpasUTH epeyMOBH 1O IIPOBEAEHH JOCTIKEHH: IOATH 3arajibHe pO3yMiHHA IPO6IeMH, Ky
aBTOP MOPYIINUB, 1 apTYMEHTOBAHO OOI PYHTYBATH aKTYya/IbHICTh JOCTII>KEHH I, OIUCATH IPOOIEMY Ta TEeMATHKY, a
TaKO)X HaBeCT! aKTya/IbHi 3HAHHS, IIOBA3aHi 3 pO3I/IAHYTUMI HaYKOBO-OCTi THUIIbKVMMU 3aBIaHHAMIL

CraH npo61eMu Ta aHasi3 TiTepaTypHUX JAHMX [Ja€ 3MOT'Y BUABUTH «HIIIY», e aBTOPYU IIPOBOAATH HaYKOBi
focnimkeHHs. Po3iin nuuryTh Ha OCHOBI my6TiKalyiit epiofMYHMX HAYKOBUX BUAAHD (KHUTY, TPy YHUKM, MOHO-
rpadii, crangapTy, 3BiTH TO TaKMUX He Hajiexars). OT/IsA/ HepioaMKY 3 IPOOIeMH, 1110 JOCTIIXKY€ETHCS aBTOPOM, Ma€e
OXOIITIIOBATH JIKepesna He Oinbine 10-piunoi gaBHOCTI (y ramysi IT-TexHomOriM — 5-pivHO01 laBHOCTI). O60BM3KOBUM
€ OITIA[, 3aKOPAOHHMX HayKOBUX IEePiOANYHNX BUIaHb. Lleil po3fin € ofHUM i3 HaliBa>K/IMBiINX, OCKi/IBKM 3 HBOTO
BUIIIVBAE, HACKI/IbKM aBTOP OCOOUCTO PO3yMi€ CTaH MpobieMy, sIKy 6epeThcsi ZOCTIKYBaTH.

Y niTepaTypHOMY OI/IAA1 BUCBIT/IIOIOTH He BUPIIlIeH] iHIMMY BUSHUMY YaCTUHY IPO6TIeMI, SIKi JOCTIKYE aB-
TOP; BUK/IAZAI0Th IPUYMHY IJbOTO JOCTiIPKEHH A; YiTKO BUSHAYAIOTh LIiJTi JOCTi/I>)KeHH A, AKi TIOBMHHI y3TOf[>)KyBaTUCSA
3 1HIIIOI0 YaCTMHOIO PYKOINCY; HAaBOJATh MOCUIAHHA Ha BaXK/IMBI JKepesa, sAKi Jal0oTh 3MOTY IOBHillle pO3SKPUTHI
CyTb poboTH.

IIpaBuabHO Hifi6paHuMil TiTepaTypHUIL OIS/ epenbadac:

LUTYBAaHHSA aBTOPOM Hali0i/IbII peleBAHTHMX pe3y/IbTaTiB MONepeJHiX JOCTiIKeHb i TOACHEHH A TOT0, HACKi/b-
KV BOHMU CITiBBITHOCATBHCS 3 MOTOYHUM IOCTiI>KeHHIM;

MOCWJIAHHA Ha JOCTiI>KEHHA PiSHUX JOCTiFHNLIBKAX IPYIT;

MIOCHJ/IAaHHA Ha OPUTiHAJ/IbHI JOCTi[I)KEHH S, a He Ha BE/IMKY KiNIbKiCTh OIJIATOBUX CTaTEN;

MaKCMMaJIbHa KOPVCTD IUTAT [JI YMTada (Y1 TadeBi He IikaBO, KOJIM aBTOP IMTOCUIAETHCS HA BE/IMKY Ki/IbKiCTh
CBOIX pobiT a60 Ha iHuIi pO6OTH [/Is1 TOTO, [06 MOKa3aTy ITMOMHY CBOIX 3HAHD);

IIOCM/IAHH S Ha Pe3y/IbTaTH IHIINX JOCTi/KeHb, sKi ab0 cynepeyaTb OTPMMAHUM aBTOPOM pe3yIbTaTaM (SKIIO
TaKi €), a00 M TBEPAXYIOTD iX.

Jl>Keperna B TeKCTi cTaTTi MOBMHHI Oy T BiflcOpTOBaHi 3a MOPATKOM 3TaflyBaHHA.

Martepianu FOCTi/I)KeHH A, eKCIIePUMEHTATbHA YACTUHA € PO3[Ii/IOM, 3i 3MIiCTy AKOTO Ma€ OyTy 3p03yMio, AK
OTPMMAHO BCi pe3ynbraTi. BapTo onmcaTtu cucreMy HoCTiKeHH (MeTORN, METORMKY To1lo). MeToxn, sSKi BUKOpH-
CTOBYBaJIN Ji/1s1 0OpOOKY JaHNX, MAIOTh Oy TV OOIPYHTOBaHI (CIIMPATHCS Ha CTATUCTUKY). ABTOp, SIKMII BUKOPUCTAB
MeTOZIMKY OITyOTiKOBaHOTO JOCTIi/[)KEeHH I, TIOBMHEH ITOC/IATICS Ha Hel Ta JaTy pe3ioMe IPOLeflypy B TeKCTi CTATTi.

PesynpraTu fOCIi>KeHHs MaloTh Oy TH 4iTKO BU3HAYEH, @ iZICYMKOBI pe3y/IbTaTi — 00 €KTUBHO HiiTBepKeHi
(HampuKiIaf, pe3yIbTaTaMy MaTeMaTUYHOTO, CTATUCTIYHOTO, iMITaIlilfTHOTO MOZE/TIOBAaHH A, HATYPHIMY €KCIIepH-
MeHTaMU, pyH/IaMeHTaTbHIMH IIOJIOKeHHAMM HayKOBUX JVCLMIUIIH Y BiJIIOBITHil IpeaMeTHill ramysi).

IHTepriperanisa pe3ynbraTiB Ta ix anpo6anis nepexdadae NpuKIafy NIPaKTUIHNX pillleHb (pe3yIbTaTu Yu-
CeTbHMX eKCIIePMMEHTIB, rpadiki, AiarpaMm TOII0) Ha OCHOBI OTPMMAHMX aBTOPOM HayKOBUX pe3y/nbTartis. [Ipnu-
KJIaJy al0Th 3MOTY OLIiHMTH aJleKBaTHICTh 3alIpOIIOHOBAHMX TEOPETUYHMX PillleHb Ta iX MPAaKTUYHY 3HAYMMICTb.
[ToTpibHO BKa3aTy, B yMOBaX SKOTO BUPOOHUIITBA Oy BIIPOBaKeHi a60 MOXKYTb OyTI BIIPOBA/I>KeHi pe3y/IbTaTn
OOCTiIKEHD.

SIKIIIO pe3y/IbTaTI He € OCHOBHOIO METOIO CTATTi, IX MOYXKHA y3araJbHUTH i1 He TyOIiKyBaTK faHi feTanbHo. Tum
He MEHIII, ¥ pa3i HeloCTaTHbOI KiNbKOCTI iHpOpMaLii YuTad MOXKe BTPAaTUTH AOBIPY A0 JOCTIKEHH I, IPUITYCTHUBIIN,
1[0 aBTOP IIPUXOBYE C/IaOKi HOKA3M.

BucHoBKM Bifo6pa’kaloTh, HACKIZIBKM MaTepias JOCTiI>KeHHA BifIOBifja€ i10T0 LinAM, CPOPMYIbOBAHNM Y
BCTYIIi. BapTo 03Ha4uTH, 911 iCHYIOTb aIbTEpPHAaTUBHI iHTepIIpeTallil OTPMMaHNUX PE3y/IbTaTiB Ta IOPiBHATH OTPU-
MaHi pe3y/IbTaTy 3 Pe3y/IbTaTaMU iHIINX JOC/i/IKEHb.

JlopedHO BKasaTH, K pe3y/IbTaTy HAYKOBOI PO3BiIKM MOXYTb BIVIMHYTI Ha MaitOyTHi ZOCTi/)KEHHs, YU € B
focmifKeHHI oOMexxeHHs1. [lepeBipTe BiiOBIZHICTD OIMCAaHNX BUCHOBKIB OTPYMaHVUM JaHVM.
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Cricok BUKOPHUCTAHOI TiTepaTypu

Ko’xHa KOHCTaTaIig GpakTy 41 OINC NoNnepefHiX BUCHOBKIB, IUTATU, METOAY, MOZE/i, pUCYHKM, TAaO/INIIi TOLIIO,
3aIo3nyeHi 3 iHIMX poOiT, 000B’I3KOBO CYIPOBOXKYIOTHCS IIOCUTAHHAM Ha MEePLIOfKeperto.

ITocwmaHHA Ha CIMCOK JTiTepaTypy HOBUHHI Oy TI IPOHYMePOBaHi MOC/TiIOBHO BifATIOBITHO 10 IX MOPAAKY Y TEKCTI.

[TpaBuIbHE ONMCaHHA JiKepeJl, Ha AKi TOCUTAI0ThCS aBTOPY, € 3aIIOPYKOIO TOTO, 1[0 IIMTOBaHy My6/iKario
OyZie BpaXOBaHO B IIPOIeCi OLiHIOBAHHSI HAYKOBOI AisANMBbHOCTI 11 aBTOPIB, a OTKe, it OpraHisauii, periony, kpainu. 3a
LUTYBaHHAM >XyPHaJ/ly BU3SHA4Ya€ThCA I0T0 HAyKOBUIL PiB€Hb, aBTOPUTETHICTD TOLIO.

3 MeTOI0 BK/IIOYEHHs )XYPHAIY K0 M>XXHAPOZHMX 06a3 JaHUX Y CTATTAX BUAAHHS IOTPIOHO BUKOPUCTOBYBATHU
BifIMOBiHI CTaHAAPTM OJAAHHA NPUCTATEHNX CIUCKIB JIiTepaTypu.

ITicns crarTi Mae 6yTH pO3MillleHO ABA CIIMCKIL:

1) Cnucok suxopucmaoi nimepamypu — fyKepena MOBOIO OpUTiHaTy, 0(pOpMIIeH] BifiITOBITHO 10 BMMOT YKpaiH-
cbKOro cTangapry 6i6miorpagiunoro onucy JCTY I'OCT 7.1:2006 «bibniorpadiunmii sanmuc. bibmiorpadiunnii onmuc.
3arajipHi BUMOTH Ta IpaBuIa CKIALaHHA».

2) References — TOI caMuit CIIVICOK JIiTepaTypH, fie YKPATHChKi Ta pOCIICBKi fiKepea TpaHCIiTepOBaHi B IATUHCHKOMY
angasiri Ta ofaHi 3a JOOMOTO0 Mi>KHAapOITHOI CHcTeMM 3aImycy mocunanHAa American Psychological Association (APA).

Odopmnenns: 6i6miorpadivnoro cnucky «Cmcok BUKOPUCTaHOI TiTepaTypu»

1. OCHOBHMM HOPMAaTMBHUM JJOKYMEeHTOM A/1s1 opopMteHHs crucky miteparypu € JCTY TOCT 7.1:2006 «bi6mio-
rpadiunmit 3anuc. bibmiorpadiunmit onuc. 3araapHi BUMOTM Ta IpaBIUIa CKIaJaHHSI».

2. Bi6iorpacgiuHuii onuc cKIagaoTb 3a TAKOIO 3aTaJIbHOI GopMoro:

Asropu. OcHoBHa Ha3Ba [3aranbHe mo3HayeHHs Marepiany] = [IapanenbHa Ha3Ba: BimoMoOCTi, 10

CTOCYIOThCA Ha3BM / IIeplIi BiTOMOCTi IIPO BiiIOBiZa/IbHICTD ; BiZOMOCTi PO iHMMX 0ci6 41 ycTaHOBM, AKi
HECyTb iHTelleKTyalbHy BiANOBia/IbHICTD 32 BUFAHHA. — BifoMocTi npo noBTOpHICTD BUAaHH:A / Bignosigans-
HICTb 3a IIOBTOpPHe BUJjaHH:. — 30Ha cnenudivHux BitomocTeli. — Micue Buganus: BugaBHuirso, pik. — ®isuuna
(kinbkicHa) xapakTepucrtuka. — (Cepis. [Tigcepis ; Ne, 1.). — IIpumitku. - CraHgapTHNUIT HOMEpP Ta YMOBY JOCTYITHOCTI.

EnemenTun, Bupineni sxupanm mpnudrom, € GpaKyIbTaTUBHIMIL

3. bibniorpadiuunit onmc KOXXHOTO OKPEMOTo JOKYMEHTa CK/IaJa€ThCs Ha MOBI I[bOT0 JOKYMEHTA.

4.Y BUnagxax, Kol JOKYMEHT Ma€ OFHOTO, IBOX, TPbOX aBTOPiB — Y 3ar0/I0OBKY BKa3y€TbCsA MPi3BUIILE TiMbKN
IIepIIOTO aBTOPA (CIOYATKY Mpi3BUINe, NOTIM iHiliamu). 3a KOCOI0 PUCKOIO B 30HI Ha3BM Ta BiJoMOCTell Ipo Bif-
HOBiJa/IbHICTD BKa3yIOThCs MPi3BUIIA aBTOPIB 3 iHiljiaTaMu (000B’I3KOBO IIOBTOPIOETHCS MPi3BMUILle IEPILIOrO aBTOPA,
3a3HAYEHOTO Y 3ar0/I0BKy 6i6/iorpagiuHOro ommcy; Cio4aTKy isinianm, IOTiM pisBuiie).

5. [TpoMi>XXKM MiX 3HAKaMU Ta eleMeHTaMI 3aNICy € 0O0B’I3KOBYMM i BUKOPUCTOBYIOTb AJIsl pO3Pi3HEHHA
3HaKiB rpaMaTN4HO] i MPUIIMCaHOI MyHKTYyaIlii.

6. YHidikoBaHi popMu CKOpOUEHDb YKPaiHCHKOIO Ta TATMHCHKOI MoBaMI: Ta iHui (et alii) — Ta iH. (et. al.); i Tax
pami (et cetera) — i T. 71. (etc.); 6e3 micu (sine loco) — 6. M. (s. 1.); 6e3 BumaBus (sine nomine) — 6. B. (s. 1.).

7. [I>Keperna y CHUCKY BapTO PO3MillyBaTy MOCIiJOBHO BiJIIOBiAHO 10 iX MOPAAKY Y TEKCTI.

Odopmnenns cncky nireparypu «References»

1. Crincok nmiteparypu («References») st Scopus Ta iHmmx 3apy6i>kHux 6a3 ganux (BJ1) Heo6xigHO HaBORUTH
OKpeMMM 07I0KOM, IOBTOPIOI0YM CITMCOK, HalaHWIT YKPaTHCHKOI0/POCiICBKOI0 MOBOIO, HE3a/IeKHO Biff TOTO, € B HbOMY
IHO3€eMHI pKepesia UM HeMae.

2. 3a 0CHOBY OOYJOBY OCUIAHHS B CIUCKY JIITEPAaTypy IATMHULIEIO B XKYpHaIi «IjepHa eHepreTuKa Ta JOB-
Ki/UIs1» B3ATO NpuHIMIN popMyBaHHsA 6i6miorpadiunnx nocumanb American Psychological Association (APA).
BipmosigHo o creundiky aganranii 6i6iorpadivHoro onucy mMarepianis yKpalHCBKOIO Ta POCifICbKOI0 MOBaMM
BpaxoBaHO peKoMeHfallii ekcriepta 6asu gaunx Scopus O. B. Kupunosoi.

Bi6miorpadivni mocumaHHs TATMHALEIO [JIs XY PHATY CTBOPIOIOTH 3a IIPUHIIVIIOM, IO AACTh 3MOTY 3apyOLKHUM
HAayKOMeTpUYHUM 6a3aM y Hallerumii croci6 ¢ikcyBaTu faHi mpo eleMeHTY KOKHOTO IIOCU/TaHHSA Ta 3a06e3neunTn
KOPEKTHI IIOKa3HMKM iX IMTOBaHOCTI.
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3. B onuc cTarTi HeOOXiTHO BHOCUTM BCiX aBTOPiB, He CKOPOUYIOUM HEPETIiK O TPOX, K Ije PEKOMEHIOBAHO
YMHHYMMH B YKpaiHi Iep>KaBHUMU CTaH[JapTaMMI.

4. lesixi enemenTy 6i6miorpadivHOro OMICY MOAAIOTH KYPCUBOM, K IIOKa3aHO Ha 3pasKaXx HIDKYE.

5.Y Bunagkax opopMIeHHs YKpaiHO- ab0 poCiiiCbKOMOBHOTO JKepesia iHIII0I0 MOBOIO IIiC/Is 3aT0/IOBKa i Bifo-
MOCTeI! IIPO BUJaHHA, TPAHC/TITEPOBAHUX TATHNIIEIO, B [KBaJpaTHNX Jy>KKaX] BKa3yeTbCs MepeK/Iafl yKpaiHChbKOTo
(pocificbkoro) 3aroJIoBKa pa3oM 3 BiJOMOCTSMU 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 nomaHi Hipk4e. Li pecypen
MpPONOHYIOTh HAMIIOIIMPEHiIIi BapiaHTY TPAHCIITepyBaHHA: /ISl YKPaiHCbKOI MOBY — 3Ti/JHO 3 YMHHMM CTaHJapTOM
(ITacnoptanit KMY); ais pociitcbkoi — BifnmosigHo fo npaswn [Jepsxaenapramenty CIHIA. Taknit nigxipg nossomnts
yHiikyBaTu faHi a1 Mb>KHapogHMX 6a3, afpKe pi3Hi cucTeMy TpaHCTiTepanii CHPUATUMYTh CTBOPEHHIO PiSHUX
pe3ynbTarTiB.

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

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

J1a yKpaiHOMOBHUX i POCifICLKOMOBHUX CTaTell, AKi BUKOPVCTOBYIOTb 3 XKy PHaliB, PEKOMEHLYEMO TaKUIA

BapiaHT cTpyKTypu 6i6miorpadiunnx nmocunans B References:

I1Ib aBTOpiB (TpaHCHiTEpaLif);

PiK BUJJaHHA B Jy>KKaX;

Ha3Ba CTaTTi y BapiaHTi, IO TPaHCIITEPYETDCA, i IEpEK/Iaj; Ha3BM CTATTi aHITIICBKOIO MOBOIO B KBaJJpaTHUX

myxKax [ J;

Ha3Ba JiKepena (TpaHCTiTepalis) i mepekiaj Ha3BU XKepesa aHITiICBKOI0 MOBOIO | ]

BUXITHI JaHi 3 TO3HAYeHHAMM aHI/IiJICbKOIO MOBOIO.

I03Ha4YeHHs MoBM opuriHainy (in Russ., in Ukr.).

CrHpocTuTu mpoiec CTBOpeHHs cnucKy «References» faroTh 3MOTy pecypcu aBTOMaTM4YHOTO pOPMYBaHHs
6i6miorpagiuHNX ONMCiB 3a TPONOHOBAHUMU CTaHAApTaMu. [IpruoMy Omycy MOXXHa CTBOPIOBATM /IS Pi3HUX BUJIiB
ny6mikaniit (KHUTra, CTaTTA 3 XXYpPHAIy, iIHTepHeT-pecypc Toio). [Ipukmagu takux caiiris: http://www.easybib.com;
http://www.bibme.org.

[puxnagu opopmaeHHs ciucky nireparypu References ta 6inbie indpopmanii guBiTbcs Ha caifTi XXypHamy
npe.org.ua B po3fiini «BuMornu o craTesi».
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