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1IJmeumym sA0epHux oocriodxcenvb Hayionanvhoi akademii nayk Yxpainu

2Incmumym deparasro2o Ynpasiinka y cepi yusinbHo2o 3axucmy

3 [leporcashuii Hayko80-00CHIOHUT IHCIMUMYM CReyiarbHO20 36'33KY ma 3axucmy ingopmayii

OLIHKA BUBYXOINOXXEKHOI HEBE3IEKHU B ITPOILIECI
SBEPII'AHHA BIAIIPAIIBOBAHOTI'O AAEPHOI'O ITAJIMBA

Ha croroani Ha YAEC 0CHOBHOIO CIIOPYIOI0 3arajbHOCTAHIIITHOT CHCTEMH 30epiraHHs BiANPabOBAHOTO sCp-
HOTO TIAJIMBA € CXOBHIIE BiANpanboBaHOTO sinepHoro manuea Ne 1 (CBSII-1) «Mokporo THITy» mpHU3HAYEHE A IpUiio-
My i 30epiranssa BAIL VYV cBithi «miciadyKyciMChbKUX» TOAINA 3aBIaHHS IiABUIICHHS BHOYXOIOXKEKHOI Ta MOKEKHOT
6esmeku € mpioputeTHUM HampsaMmkoM nisttbHOCTI JJCIT HAEC. CBAII-1 moBHMHHO BimMOBiZaTH CYYacHHM BHMOTaM
HOpPMATHBHUX JOKYMEHTIB 3 O€3IeKH SK 32 HOPMAIbHIX YMOB €KCIDTyaTallii, TaK i MiJ 9ac aBapiifHUX CUTYyaIliil. Y 4guc-
7l aBapifHUX CHUTyalill, HACTaHHSA AKuX iMOBipHe Ha cxopuml CBAII-1, Mae OyTH po3rIsHYTHI BUNAIOK BUHUKHCHHS
Ta PO3BHUTKY MOXKEXI y BHYTPILIHBOMY MPOCTOPI 3a1i300eTOHHKUX OJIoKiB. Takuii cTaH 3yMOBIIOETHCS Ha/I3BUYAHHOIO
Ba)XJIMBICTIO TAHOTO pajialiiiHo-HeOe3neuyHoro o6'exkra. Budyx Ha CBSII-1 Moxe cTaTtucs, TOJOBHUM YHHOM, 4Yepe3
MOPYILEHHS MPaBUJI €KCIUTyaTalii Ta NOXKeXHOI 0e3NeKH, a TAKOXK y pa3l HECIIPABHOCTEH YM BiJMOB OKPEMUX CHCTEM.
TakuMm unHOM, IpoOIEMa 3a0e3nedeHHs BUOYXOIoxKexKHOI Ta noxexHoi oe3neku Ha CBSIII-1 € Bkpait akTyansHOIO.

MerToro 11i€i pobotu Oyno po3paxyHKOBE JIOCITIIPKEHHS YTBOPEHHS PaaioJiTHYHOTO BOAHIO Ta MOro BHOYXY B
npuMitnennsx CBSIII-1.

Metoau nociixkeHHs. BumipioBaHHS, NOPIBHAHHA, CHCTEMHHH aHali3, (i3MKO-MaTeMaTH4HEe MOJCITIOBAHHS.

OcHOBHI pe3ybTaTH J0C]TiTKeHHs. OCHOBHOIO METOIO 3a0e3MeUeHHs] BUOYXOIOXKEXHOT Ta MOXKeXHOI Hebe3-
neku CBSAII-1 e 3amobiraHHs HEKOHTPOIHOBAHOMY PO3BHTKY SICPHUX peakiii 1 momupeHHIo pamiamii. [lpu
OTPOMiHEHHI BOJH BUIIPOMIHIOBAHHSM 3 HU3BKOIO TYCTHHOKO 10HI3aIl] (HATIPHUKIIA, Y-TIPOMEHSIMH) TIePeBakae peaxilis
YTBOPECHHS paJMKaliB, B TOH Yac sK JJIs BHIIPOMIHIOBAaHHS 3 BHCOKOIO TYCTHHOIO iOHi3amii (Hampukiam, o- i f-
YaCTUHKH, OCKOJIKH TIOJITY) CTae OUTBIN Ba)KJIMBOIO PEaKIlisi yTBOPEHHS MOJEKYl. B smepHOMy peakTopi, me € pi3Hi
BU/IM BUIIPOMIHIOBaHHs (Y-IIPOMEHI 1 IPOTOHM BHCOKOI €HEprii, 1[0 YTBOPIOIOTHCS Mij 4ac B3aeMOJIl 3 HEUTpOHAMH),
00uBI 1l peakiii mpoTikarTh oHo4acHO. Paaukanu H i OH — Haa3Bu4aiiHO peakiiifHO31aTHI PEYOBUHH, 10 IBUIKO
3'€/IHYIOThCA 3 MPOAYKTaMH, sIKi YTBOPIOIOTHCS B pe3yiibTaTi peakuii. [1ix yac paaionisy BoJH, 110 MiCTHTBCS Y BiAKpH-
TUX MOCYJMHAX Ta HACHMYEHA MOBITPSIM 1 HE MICTUTH Oy/Jb-SIKMX aKTUBHMX akuenTopiB pagukainie OH B MOMITHUX KOH-
LEHTPAIlisIX, BUXIJ BOIHIO, IO CIOCTEepIiraeThes, 3a3puyail popisuioe 0,1-0,2 monekyna/100 eB, TOOTO OMITHO MEH-
IIMA Bif TOYATKOBOTO BHXOJY YTBOPCHHS BOIHIO. UMM Oijibllla OCYJHHA 32 BUCOTOO, THM OLIbIlla WMOBIPHICTH Ii€l
peaxiii mOpiBHSHO 3 IMOBIPHICTIO BHIAJICHHS BOIHIO 3 pigkoi ¢as3m. SIKIIo >k opraHizyBaTH HEPiBHOBAXXHY BiIKPHUTY
CHCTEMY IUIIXOM IPHMYCOBOTO BHIAJCHHS BOJHIO 3 BOJM, HaNpHKiaj, O0apOoTaxeM iHEPTHOTO rasy, TO IIBHIKICTH
Horo BUaNeHHs Oy/ie MIepeBUIyBaTH MIBHIKICTh XIMIYHOTO pPO3KJIaaHHs. Y IbOMY BUIIAJKy BUXiJ BOJHIO 3pOCTe 1 HA
MEXi BHABHUTHCS PIBHMM IOYAaTKOBOMY BHXOMYy (SIKIIO, 3BHYAiHO, y BOJI HEMae JOMIIIOK OpPTraHIiYHMX PEYOBUH,
panioni3 SIKMX HPU3BOJMTH JO YTBOPEHHS MOJICKYJISIPHOTO BOAHIO). ToMy Ui pO3paxyHKy IIBHJIKOCTI yTBOPEHHS
PamioNiTHYHOTO BOJIHIO Y BOJIi OaceifHy-CXOBHIa BUKOPUCTOBYETHCS MOYATKOBUH BHUXiJ, TOOTO pPO3PaXxOBY€ETHCS MaK-
CHMAaJIbHO MOJKJIMBA IIBHIKICTh YTBOPEHHS BOAHIO. OCKITBKM pafioni3 BOAM B OaceiHi BigOyBaeThCS B OCHOBHOMY B
pe3yabpTaTi BIUIMBY TaMMa-BHIIpOMiHIOBaHHA (0OeTa- 1 anb(a-BUIPOMIHIOBAHHS 3aTPUMYIOTHCS OOOJIOHKaMH TEILIO-
BHAUIAIOYNX 30ipoK i 1X €Heprisi HmepexoAuTh B TEIUIO), TO TOYATKOBHH BHXIA PaJiONiTHYHOTO YTBOPEHHS BOIHIO
nopisaioe 0,45 monekyna/100 eB. 3a HopmaneHOi excruryartariii CBAII-1 B npumimenHi 6aceifHiB BUTPUMKH HAaKOIH-
YEHHSI PaioNiTHYHOTO BOJHIO BUKIIOYAETHCS 3aBISKH POOOTI BUTSKHOI CHCTEMH BEHTWIISIII HAJIBOAHOTO MPOCTOPY.
OcHOBHUMH (haKTOpaMH, 110 BU3HAYAIOTH YMOBH /ISl yTBOPEHHS BUOYyXOHeOe3MeyHol ra3oBoi CyMilli Ha OCHOBI BOJ-
HI0, € KutbKicTh BSIII, mo 36epiraerbes, Ta oOcsr BoaM i OBITPs B IpocTopi, fe 36epiraetecs BAIL. Po3paxyHok BuKoO-
HaHO BiJ BCIX JUKEpEN Y-BUIPOMIHIOBaHHS 3 PIBHOMIPHHM DO3MOALIOM 3a 00'eMoM mxkepena. s po3paxyHKy OyB
BUKOPHCTaHUI OCHOBHUII PaJiOHYKJIIJTHMH CKJaJl MajuBa B HIKHBOMY ITy4YKY TEIUIOBUALIAIOUOTO €JIeMEeHTa Yy pasi
BUTpUMKH 20 pokiB i rauOuHO0 BUropsHHS 24 MBT-100y/KT. Po3paxyHKoBe 3HaYeHHS HOTYXHOCTI MOTJIMHEHOT 103U
BOJIOIO 3a 00csirom Big Bchoro BSIII, ctanoBuThH I=1,098-1O24 eB/(M3-r011). BigmoBu obnaHaHHS KOMIUIEKCY CUCTEMH
30epiraHHs, 10 BUKJIUKAHI SK 30BHIIIHIMY, TaK 1 BHYTPIIIHIMHA MOJISIMH, SKi MPU3BOJAATH J0 BIIMOB CHCTEMH BCHTH-
JsIii Ha/IBOJTHOTO MPOCTOpY OaceiiHiB BUTPUMKH, MOXYTh IPHUBECTH J0 HAKOINWYEHHS PaJiOliTUYHOIO BOIHIO B IO-
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BiTpsiHOMY 00¢s131 mpuMimens CBAII-1 B ymoBax BiMOBH cucTeM BeHTWISIIII. [lepepBa B poOOTi CHCTEMH BEHTHIIALLII,
3a 4ac K0T TEOPETHIHO MOKIIMBE JOCATHEHHS HUXHBOI MEXi BUOYXOHEOE3MeUHOT KOHIIEHTpaIlii BOIHIO, MOXE TpUBa-
i 12 n1i6. J{st 3a0e3nedeHHsT BUOYXOMOXKeK00e3MeKH B 3alli OaceifHiB He0OXiAHO, 00 KOHIIEHTPAIS PagiOTITHIHOTO
BOJIHIO B ITOBITPi OyJia HI)KYOIO 32 HIDKHIO KOHIICHTPAIIHHY MKy BHOYXOBOCTI BOAHIO B cyMimIi 3 moBitpsm (~4% 00.)
3 xoedimienToM 3amacy 10. Takum 4nHOM, KOHIIEHTpamlis BOAHIO He MOBMHHA nepesuinysatd 0,4% 00. momyctumoi
KOHIICHTpAIlil BOJHIO B MOBITPi IMpUMilleHb 100 BHKIIIOYATH YTBOPEHHS BHOYXOHEOE3NedHol cyMimni 3 kucHeM. s
BHIAAKy po3Mimenns Bchoro BT (21284 ox.) y Biacikax Gaceiini Butpumku 1-5, W(H,)=1,34 Hv*/roa. Takum un-
HOM, IIPUITYCTUMUI OOTPYHTOBaHUI yac Oe3/isUIbHOCTI CUCTEMH BEHTHJIALIT cTaHOBUTUME He Outbine 7 ni6. J{is Toro,
100 KOHIIEHTpallisl palioJiTHYHOTO BOIHIO Haj MOBEpXHelo OaceitHy He nepepuinyBaia 0,4% 00., 3ayBaHHS NOBUHHE
Oytu B 250 paziB Oinbllie OIBUIKOCTI YTBOPEHHs BOJHIO, TOOTO BUTpaTa MOBITPS, IO NPOJYBAEThCA Haj OaceiiHOM
(BenTHuIsALis) i 3abe3redeHHsT BUOyXomoxkesko0e3nekn mae mopiBaioBatu g=250 W(H,), M/rox. Temneparypa ca-
MOCTAIaXyBaHHs BOJHIO y NMPHUCYTHOCTI BoMsHOI mapu cTaHoBUTh 970 K, a BuOyxoHeOe3ImeuHi BIaCTHBOCTI BOJHEBOT
CyMillli XapaKTepH3yIOTbCS Mexamu cranaxy 4,12—75% o6'emy. CTyniHb HOIIKO/DKEHHS OyIiBEIBHUX KOHCTPYKIIH
oynisni CBAII-1 Oyne Bu3HagaTHCA THMHU IedOpMalisMu 1 pyHHyBaHHIMH, SIKi BOHH OTPHMAJH MiJX 9ac BHOYXY BOJ-
Hio. GopMyBaHHS yIapHUX HaBaHTaKEHB ITiJ] 9ac aBapiifHOro BHOYXy Oe3mocepeqHhO BH3HAYAETHCS KUTBKICTIO (00CH-
TOM), CTEXiOMETPYHHM CITiBBITHOIIICHHSM BOJHIO 3 TTAPOI0 1 MeKaMH 3aiiMaHHS BOTHIO.

BucHoBku. TakuM 4YMHOM, HaBEICHA METOIMKA OLIHKH YTBOPESHHS PaAioiTHYHOrO BOIHIO Ta MOXKIMBOTO HOTO
BrOyxy B npumimeHasx CBAII-1 nae 3Mory B paMkax KOHCEPBAaTHBHOTO IiIXOMy OLIHIOBATH BHOYXOIIOXKEKHY Oe3re-
Ky 1 HaCJIiJK¥ aBapiifHOro BUOYXy pajiioJiTHYHOTO BOJHIO.

Knrouosi cnosa: BinnpaipoBaHe siiepHE MAIUBO, CXOBHUIIIE BiNPAI[bOBAHOTO SACPHOTO MAKMBA, aBaPiiiHi CUTya-

1ii, HeOe3mneka, moxexka, BUOyX.

[MocranoBka mpodsemu. Ha croromni Ha
YAEC OCHOBHOIO CIIOPYIOI0 3arallbHOCTAHIIHHOI
CUCTeMH 30€piraHHs BiJPAIbOBAHOIO SJICPHOTO
nanuBa (BAIl — snepHe manwBo, OMpoMiHEHE B ak-
THBHIN 30HI peakTopa i OCTaTOYHO 3 Hel BUIYUYCHE)
€ CXOBHIIIE BiNPAIlbOBAHOTO siIepHOTo manmBa Ne 1
(CBAII-1) «mokporo TuIly» MpHU3HAuYeHe IJs MpHU-
fiomy 1 30epiranns BAIL V ceitni «micnadykycim-
CHKUX» TIO/IiH 3aBIAaHHS ITiIBUINEHHS BUOYXOITOXKeE-
KHOT Ta TOXEKHOI Oe3NeKHu € MpPIOPUTETHUM Ha-
npsMkom misutbHOCTI ICIT YAEC. CBAII-1 noBus-
HO BIANOBIATH CyYacHMM BHMOTaM HOPMAaTHBHHUX
JIOKYMEHTIB 3 0€3MeKH SK 32 HOPMAIbHUX YMOB €KC-
TuTyatanii, Tak i mj| yac aBapiiHUX CUTYaIiil.

VY umcni aBapiiHUX CHUTYyalid, HACTAaHHS SIKMX
imoBipHe Ha cxosuii CBAII-1, Mae Oytn po3risiHy-
THI BUMAJO0K BUHUKHEHHS Ta PO3BUTKY IOXEXi Y
BHYTPIIIHROMY TIPOCTOpi  3aJ1i300€TOHHHUX ~ OJIOKIB.
Taxwii cTaH 3yMOBITIOETECS HAJI3BUYAIHOIO BaXKIIUBIC-
TIO JTAHOTO pajiamniiiHo-Hebe3neuHoro oo'ekra. [lotpi-
OHO 3a3HaunTH, 10 CBAII-1 He Moxe OyTH Kiacudi-
KOBaHE BIIMOBIIHO /0 YMHHOI HOPMAaTWBHOI 0a3u
VYkpainu 3a cTyneHeM BOTHECTIMKOCTI y 3B'SI3Ky 3 Bil-
CYTHICTIO HEOOXiTHOCTI 3a0e3MeveHH s eBaKyallii Jio-
Jied, TapaHTyBaHHS O€3NEKU IOXKEKHO-PATYBATBHHUX
MIIPO3/iMIIB 3 ypaxyBaHHIM PHU3UKIB 0OBaJIeHHS KOHC-
TpyKiiit. OCHOBHOIO 33/Ia4€l0 TOXEXKHOI Oe3reKu
OyniBenbHuX KoHCTpykiin CBAII-1, pinreHHs sxoi
3aJIKHUTh BiJl BOIHECTIKOCTI KOHCTPYKIIiH, € 3a0e3-
TIeYEHHsI iX YKMBYYOCTI Ha Yac, HEOOXIMHUI IS JIoKa-
Jri3anii Ta JiKBigamii KIMOBIPHOT MTOMKEXI.

AHaJIi3 OCTaHHIX JOCTiUKeHb Ta myOJiika-
uiii. ABapis Ha simoHchKil AEC «®Dykycima» moka-
3ajla, MO B XOXI PO3TJISAY HMOBIPHHX CIICHApIiB
po3Butky 3ampoektHoi aBapii B CBAIl HeoOxigHO
OLIIHIOBATH MaJIOWMOBIpHIi MOJii Ta MPOBOANUTH aHa-
JIi3 TOKEKHOT Oe3IeKH i yac po3BUTKY asapii [1].

Han mnpoGnemoro nocnimkenns Oesmeku CBAII
mparmroe 0arato BITYM3HSIHHAX 1 3aKOPJAOHHUX CIeTli-
QIICTIB Ta HAayKOBIIB. Pi3HI acrieKkTu Ta oKpeMi Imij-
XOJIU IO JOCHIDKEHHS 11i€i Tpo0JeMH BUCBITICHO Y
YUCeNpHUX mpaisx [2, 3], ame depe3 Te, MO el
poriec € 0e3nepepBHUM, TIOCTIHHUM 1 Ha[3BHYAITHO
aKTyaJIbHUM, AOCIiIKEHHS TPUBAIOTb.

Cmucauil onuc cxosuwa BAIl CxoBuiie Bif-
MpanboBaHoOro saepHoro mnamuBa Ne 1 «MoKporo
TUITY» MIpU3HAYEHE ISl MpUHOMY 1 30epiraHHs BiaIl-
panboBaHKUX TemIoBHIUIAIouNX 30ipok (BTB3) mic-
JIS1 IONepelHbOi He MEeHILe HiX 1,5-pidHol BUTpHUM-
ku ix B Oacelini Butpumku (bB) abo peakropax ene-
pro6iokis 1, 2, 3, a TakoX JuIi omnepariii BUBaHTa-
sxkeradss BTB3 31 CBAII-1 3 HacTynHUM niepeMilieH-
HaMm #oro B CBSII-2 «cyxoro tumy» [4]. CBAII €
TEXHIYHO CKJIAJHUM 1 SJICpHO-HEOE3NeUHUM 00'e€K-
ToM [5]. Y HBOMY 30CcepekeHO 00JIaHaHHS Pi3HO-
ro npusHadeHHs Ta HoMeHKnatypu. CBAII-1 aBnse
co0O0F0 OKpeMO pO3TaIIoBaHy OyiBIIO, IO CKIIaIa-
€ThCs 3 3 OJIOKIB:

1) TpaHCTIOPTHO-TEXHOJIOTIYHHMIA OJIOK, 10 B
CBOIO YEPTy CKIIAZAETHCS 3 ABOX 00'€MIB: BiIIICHHS
BB (po3mip B miani 36x24 M) i BiggineHHs mpuiomy
1 mepeBaHTa)KEHHS BaroHa-KOHTeHHepa (po3Mip B
miani 42x14 m);

2) XiMOJIOK 3 TOPUMIIICHHSIMH YCTAaHOBKH
OUYMILIEHHS 1 OXOJOMKEHHS BOAM BijcikiB bB, xaHn-
HOHY 1 BiJICIKy 30epiraHHs TPaHCIIOPTHHUX YOXJIB,
BYy3JI1a IPUTOTYBAHHS J1eCOPOYIOUMX PO3UYHHIB, TPaH-
chopmaropHoi, 300py 1 mepekadyBaHHA CTOKIB Ta
IHIIUMH IPUMIIIEHHSIMH (po3Mip B tuiaHi 15%36 m);

3) aaMiHICTpaTHBHO-TIOOYTOBUIT OJIOK 3 MpH-
MIIIEHHSIMH CAHIPOITYCKHUKIB 1 CAHIILIIO31B, BEHT-
LEHTPY 3 (PUTBTPYBAIBHOIO CTAHINEI, CIEKTPOIIH-
TOBOI Ta IHIIMMH JOMOMDKHHUMH TPUMIIICHHIMHI
(po3mip B miaaHi 15%36 m).
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CxoBulle ckiafgaerbess 3 5-Tu OaceilHiB Bu-
TpUMKH: 4-X poOouunx 1 1-ro pe3epBHOro. 30epiraHHs
BAATII 31iiicHIOETBCS B 3aIIOBHEHUX BOJIOKO TMEHANIAX Y
BEPTHKAJIBHOMY TIOJIOKEHHI, MIO OXOJOKYIOTHCS
Bomor0 OaceifHy BHUTpUMKH. B mpomy pasi BinOyBa-
€TBCSl YTBOPEHHSI BOJAHIO B Boai bB. Bumanenus Box-
HIO 3a0e3medyeThcsi BEHTHISILIHHOI — CHCTEMOIO
CBAII-1. Yropomosxk BCBOTO TEpioAy eKcIuTyartarii
CBAII-1 Benrcuctemu 1BLI, 2I1, 511 3abe3neuyiotsh
BoIHEBY Oesreky. OCHOBHI eKCIUTyaTaliifHI mporie-
nypu cuctemu BeHTrisii CBAII-1 Taki:

1) BKIIFOYEHHST BEHTArperaTiB IPHUILIMBHOI Ta
BHTSDKHOT BEHTHJIALIT;

2) KOHTPOJIb MapaMeTpiB CUCTEMH BEHTHIIALIT
CBJIII-1. ITixg gac pobOTH BEHTWIAMIMHUX CHCTEM
KOHTpPOJIBHO-BUMipIoBanbHIMH Tprinanamu  (KBII)
3IIACHIOETHCSI KOHTPOJIb TAKKX ITapaMeTpiB:

- TeMmIeparypa HOBITps micis Kajopudepa 10 BeH-
tarperaty — = 15 °C.

- BHUTpaTa MOBITPS ¥ aepoAWHAMIYHAN Omip (iIbT-
piB (TpaHWUYHUN THCK TOBITPS AN (IMBTPIB Ha
npuroli aopiBHIoe 250 [1a);

3) BUBE/ICHHSI HA PEMOHT OJIHOTO 3 BEHTarpera-
TiB 1 TiIKITFOYEHHS Pe3epBHOI (PUTBTPYBAIBHOI IAHKH.

Bubyx na CBSIII-1 Moxe cTaTHCs], TOJIOBHUM
YIHOM, Yepe3 TOPYIICHHS MpaBUil eKCIDTyaTallil Ta
MTO’KEXHOI OE3MeKH, a TAaKOXK y pa3i HeCHpaBHOCTEH
Yi BIJIMOB OKpeMux cucteM. CxoBulie o0JiajHaHe
TAaKUMH CHCTEMaMH, HEOOXITHUMHU JUisi 3a0e3MeueH-
Hs1 O€3IeKH: OXOJIO/PKEHHS BOJM (32 BUHATKOM BH-
MaJIKiB, KOJIM JIOBEJEHO, IO BHKIIIOYAETHCS Mepe-
BUIICHHS MPOEKTHUX 3HAYeHb TEMIIEPaTypu BOIH B
CXOBHIIII 1 0€3 CITeIiaIbHOTO OXOJIOHKCHHS ); BOJI0O-
YUINEHHS; TEXHOJOTIYHOTO KOHTPOJIO (BMICTY TO-
MOTEHHUX TOTJIMHAYIB B BOJi a00 TeTepOreHHUX
MOTJIMHAYIB y CTeNaXKkax, sIKIIO I[i CUCTeMH Iiependa-
YeH] TMPOEKTOM, TeMIIepaTypH 1 piBHS BOIH, il BOA-
HO-XIMIYHOTO PEXHMY, BMICTY BOJHIO Y IOBITpi);
pamiamiiftHOr0 KOHTPOJIIO; BEHTHWIIALIT, 3allOBHCHHS
Ta criopokHeHHs1 bB; xoHTpOII0, 300py 1 MOBEpHEH-
HsI TIPOTiKaHb; Mi/PKUBIICHHS. BUXiTHUMU MOMisIMH,
10 MOKYTh MPHU3BECTH JIO TIOPYUICHHS HOPMaIbHUX
ymoB ekciuryaranii CBAII-1, aBapiliHux cuTyamii
abo aBapiii €: 3emieTpyc; BUOYXH; MOXKEXKA; PyHHY-
BaHHs. TakuM YUHOM, MpobiiemMa 3a0e3TeUeHHs] BU-
OyXOIOXKEXKHOI Ta MmokexxHoi 6e3nexu Ha CBAII-1 €
BKpail aKTyaJbHOIO.

MeTo10 11i€i po6oTH OyI0 PO3PaXyHKOBE JO-
CIIIJDKEHHSI YTBOPEHHS PaJiONiTHYHOTO BOJHIO Ta
fioro Bubyxy B npumimennaax CBAII-1.

Buxnan ocHoBHoro martepiany. OCHOBHOIO
METOIO 3a0e3MeUeHHs] BHOYXOTIOKEKHOT Ta MOKEK-
Hoi HeOesneku CBJSIII-1 € 3amo0iraHHs HEKOHTPO-
JLOBAaHOMY PO3BUTKY SIACPHUX PeaKUiid i momupeH-
HIO pajiarii. MOXXITUBUMH NIPUYMHAMHI BHHUKHEHHS
noxexi Ta BuOyxy B CBAII-1 moxyTts OyTH [5]:

- mpobii i30ms1ii a00 KOpPOTKE 3aMHUKaHHS B €JIEK-

TPUYHUX JAHIIOTaX;

- TepeBaHTKEHHS eNeKTPOCIIOXKIBAYIB;

- HEIOTPUMAaHHS MPaBUJ MOKESKHOI OC3MEKU Iep-
COHAJIOM, 1110 BUKOHYE pobotu B CBAII-1,

- TOPYIIEHHS TEXHOJOTIYHOTO pEeXHMy poOOTH
o0yamHaHHS (PO3IrpiB BHUILE JOMYCTUMHUX MEX);

- TIOMWJIKa TNepcoHay (HEempaBWIBHE BKJIFOYCHHS
obaTHaHHA).

[Toxkexa B IPUMIIIIEHHAX CXOBHINA MOXE TMPU3BECTH
JI0 TAKUX HACJIIJIKIB:

— TIOBHE 3HECTPYMJICHHS CXOBHIIA;

— BIJIMOBAa CUCTEMH O0XOJIOJKEHHS Boau bB;

Ilpoyecu i mexanizmu ymeopenus padionimu-

YHO20 800HIO HIO Yac MOKpoeo 30epicanns. Ilin niero

10HI3yIOUOTO BHUIPOMIHIOBAHHS PO3KJIAAaHHSI BOIU

MOJKe BifOyBaTHCs JBOMA IUIIXaMH [6]:

2H,0 - H, + H,0,; 1)
H,0 — H* +OH". @)

[Ipu ompomiHeHH] BOJIM BUIPOMIHIOBAaHHIM 3
HU3BKOIO TYCTHMHOIO iOHi3amii (Hampuknam, Y-
IIPOMEHSAMH) TIEpEBAXKA€ PEaKilisi YTBOPEHHS paIu-
KaJliB, B TOW 4Yac SIK JUII BUIPOMIHIOBAHHS 3 BHCO-
KOI0 TYCTMHOIO ioHi3amii (Hampukmax, o- i [-
YaCTUHKH, OCKOJIKH IOJLTY) CTae OLIbII BaXKJIIMBOIO
peaxiiisi yTBOpEeHHS MOJIeKYIL. B snepHOMY peakTopi,
i€ € pi3Hi BUIM BUNPOMIHIOBAHHS (Y-IIPOMEHI i MPo-
TOHM BHUCOKOI €HEpTii, 10 YTBOPIOIOTHCS IIiJ| 4Yac
B3a€MO/I] 3 HEWTpPOHAMM), OOMABI i peaxiiii mpoTi-
KaroTh ogHoudacHo. Pagukanu H 1 OH — Han3Buyaii-
HO peakI[ifHO3/IaTHI PEYOBUHH, IO IIBHJKO 3'€HY-
IOTBCS 3 TPOAYKTAMH, SIKi YTBOPIOIOTHCSI B PE3YJib-
taTi peakuii (1):

H,+OH" > H,O+H";
H,0, +H* — H,0+OH". 3

SAxmio ob'eqHaTH I peakiii pa3oM, TO OTPH-
MaeMO

H,O0,+H, ->2H,0 (4)
— peakiiito, 00epHEHY JI0 MEPBICHOT peakili paiosisy
(1). PiBHOBara 3a3Buuaii 3MmimieHa B OIK YTBOPEHHS
BojM (HM3bKWIA pasmioni3). OpHaK piBHOBAry MO)KHA
MOPYLINTH JOAABAHHAM y BOJYy PEUOBHUH, SIKi aKTUBHO
pearyroTh i3 BUIBHUMH PajIiKaliaMH, IO MPU3BE/E 10
YIOBUIBHEHHS peakxiii pekomOiHauii. Hanpuknan, ionu
XJIOPY 1 OpOMy HaJI3BHYAMHO PeaKI[iHO31aTHI BiHO-
cHo pamkanis H i OH. Ix HasBHicTs y KinbkocTi eki-
JIBKOX MUTIrpaMiB Ha JITP MOKE BUKJIMKATH IBHAKAN
pamioniz Bomu. ToMy HEOOXiTHO TITPUMYBATH TyXKe
BHCOKY YKCTOTY BOJM, JJIs TOro, 00 pasioni3 OyB
MiHIMAJTEHAM.

Oyinka xinbkocmi ymeopenHs paoioiimudno-
20 6oonio. Ilix vac pagionisy BoaH, IO MICTUTBCS y
BIIKPUTHX TOCYJWHAX Ta HAcCHUYEHA IOBITPSIM 1 HE
MICTHTB OyIb-SIKMX aKTMBHUX aKIENTOPIB paAUKaliB
OH B moMiTHUX KOHIICHTpAIliSX, BUXiJ BOIHIO, IO
crocTepiraerbcs, 3a3Budait qopisaioe 0,1-0,2 mone-
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kyna/100 eB, To0TO MOMITHO MEHIIHWI 3a MOYaTKo-
BUH BUXiJ yTBOpeHHs BoAHIO. Lle 00yMoBIeHO ThM,
II0 Ma€ MICITe peaKitis [7]

H, + OH* - H" +H,0, (5)

sIKe €(PEKTUBHO PYHHYE MOJICKYJISSPHUI BOJCHB, IO
YTBOPIOETHCSI B PE3YIBTATI Mii 10HI3YIOUOTO BHIIPO-
MiHIOBaHHA. L[ peakuisi KOHKypy€e 3 MpoLEecoM BU-
JAJIEHHST BOJHIO NUIAXOM AwMQy3ii 3 pimkoi ¢asu B
ra3oBy HaJ MOBepxHE BoAu. Yum Oinbiia mocynu-
Ha 3a BUCOTOIO, TUM O1IbIIa HMOBIPHICTE Ii€l peak-
1ii MOpPIBHSHO 3 IMOBIPHICTIO BHJIAJICHHS BOJIHIO 3
pigkoi ¢azu. SIKmo X opraHi3yBaTH HEPIBHOBaXKHY
BIJIKDUTY CUCTEMY IILISXOM HPUMYCOBOTO BHAJICH-
HS BOAHIO 3 BOIW, HalpHKIam, O0apOoTakeM iHEpT-
HOTO rasy, TO WIBHJKICTb HOro BHUIaJICHHs Oyje
MEPEBUIYBATH MIBUAKICTh XIMIYHOTO PO3KIIaJIaHHS.
VY 11bOMy BHIIAJKy BHXIJ BOJHIO 3pOCTE 1 Ha MEXi
BUSIBUTBCS PIBHUM IOYATKOBOMY BHXOAY (SIKIIO,
3BUYANHO, y BOJII HEMAE JIOMIIIOK OPTaHIYHUX PEUO-
BHH, Pajioi3 SKUX MPHU3BOIUTH IO YTBOPEHHS MO-
JIEKYJISIPHOT'O BOJTHIO).

ToMy anst po3paxyHKy HIBUIKOCTI YTBOPEHHS

Hio, € kumpkicTe BSII, mo 30epiraerscs, Ta obcsr
BOJHU 1 MOBITpA B MpocTopi, Ae 30epiraetbes BAIL
LIBunKicTh YTBOPEHHS PaAiOMITHYHOTO BOIHIO B
Oaceiini gopiBHIOE [8]:

G(H,)1V 0,0224 Hy?

W (H,)= —
(H:) 100N, 200 ©)

ae  G(Hp) = 0,45 monekyn/100 eB — nmouaTkoBHii

BUX1Jl YTBOPECHHS PaJioNIiTHYHOT'O BOJHIO;

- | — cepenHs MOTYXHICTH IOTJIMHEHOI BOAOIO 03U
3a 06csToM cxosua, eB/(M>-rox);

- N, —uwucio ABorampo;

- V — o0'em Boau B OaceiiHi, IO MiITAETHLCS il
BHIIPOMIHIOBAHHS, M’

- 0,0224 — obcsAr imeanpHOTO Ta3zy 3a HOPMAITBLHUX
YMOB, M*/MOJTb.

Po3paxyHok BHKOHAHO BiJ BCiX JKepen Y-
BHIIPOMIHIOBaHHA 3 PIBHOMIPHHM pPO3MOIIIOM 3a
o0'emoM mkepena. s po3paxyHKy OyB BHUKOpPHC-
TaHUM OCHOBHMI PaJiOHYKIITHUHM CKJIJ] TNajuBa B
HwkHboMy yuky TBEJI y pasi Butpumku 20 pokiB i
ruOuHO BUropsiHHs 24 MBT-n00y/kr (Tabm. 1).

Taoauns 1

[30TomHumil cknan HukHBOrO myuka BT (rubuna Buropsiaas 24 MBT-100y/kr U)
3aJIe)KHO BiJl 4acy BUTPUMKH

IsoTor Maca .i30T0r[y micis 20 T KoHcTanTa posnazty ot EHGPFiﬂ ramma-
POKIB BUTPUMKH, T ’ BUIIPOMiHIOBaHHS, MeB

HomAg 310 253,0 amiB 3,17.10°° 0,6577
%3k 1,9-10° 2,7 poKy 8,14-10°° 0,0280
Bics 4,2:10° 2,07 poky 1,06-10°° 0,7958
B7Cs 34,5 30 pokiB 7,37.10%° 0,6616
“pr 91012 17,3 xs. 6,69-10°° 0,6965
B2Ey 5.10* 12,4 poky 1,77-10° 0,12177
ey 0,12 16 poxis 1,37-10°° 1,278
BSey 1,1-10 1,81 poxy 1,21-10°° 0,086
“1Am 25,1 45,8 poky 4810 0,0595
23pm 3,25 7.9510° 2,76:10%2 0,07467

POKIB

panioNiTHYHOrO BOJHIO Yy BOXAI OaceiHy-CXOBHILA
BUKOPUCTOBYETHCS TIOYATKOBHH BHXiJ, TOOTO pPO3-
PaxoBYEThCS MaKCHUMAaJbHO MOJKIJIMBA LIBHIKICTD
yTBOpeHHs BoAHIO. OCKUIBKH pajiofi3 Boau B Oa-
ceifHi BiAOyBaeTbcs B OCHOBHOMY B pe3yJbTarTi
BIUIMBY TaMMa-BUIPOMiHIOBaHHS (Oera- 1 anbga-
BUIPOMIHIOBAaHHS 3aTPUMYIOTHCSI OOOJOHKAMH Tell-
JOBUIISAIOUNX 30IpOK 1 1X €Heprisi MepexojuTh B
TEIUI0), TO TIOYATKOBUH BHXiA PaTiOJITHYHOTO
yTBOpeHH:I BojiHIO jopiBHIOE 0,45 monekyna/100 eB

3a HopmanbHOi excrutyaTtanii CBAII-1 B npu-
MilieHHi BB HakonmuueHHs pajioiTHYHOTO BOJIHIO
BUKJIIOUAETHCS 3aBISKM POOOTI BUTSHKHOI CHCTEMH
BEHTWIALI HAABOMHOTO TmpocTopy. OCHOBHUMH
(akTOpaMu, 110 BU3HAYAIOTH YMOBH Ul YTBOPEHHS
BHOYXOHEOE3MeUHO1 Ta30BOi CyMillli Ha OCHOBI BOJI-

Po3paxyHkoBe 3Hau€HHS MOTYXKHOCTI IMOTJIU-
HEHOI 03W BOAOI0 3a oOcarom Bix Bcworo BIIII,
cranoutsb 1=1,098-10% eB/(M% rox).

BigmoBu oOnajHaHHS KOMIUIEKCY CHCTEMH
30epiraHHs, MO0 BUKIMKAHI SIK 30BHIIIHIMH, TaK 1
BHYTPILIHIMH TOAISIMM, SIKI HPHU3BOIATH O BiIMOB
CHCTEMH BEHTHJIALII HaJBOAHOrO TipocTopy bB, Mo-
KYTh TPUBECTH JIO HAKONHWYEHHS PaIiONITHIHOTO
BOJIHIO B MOBITpstHOMY 00cs131 npuMimens CBATI-1 B
YMOBax BiMOBH cucTeM BeHTwsmii. [lepepsa B po-
00Ti cHCTEMW BEHTHWIIALII, 32 4Yac SKOi TEOPETHIHO
MOYKJIMBE JIOCSTHEHHSI HWDKHBOI MeEXi BHOyXOHeOe3-
TIEYHOT KOHIICHTpaIlii BOJHIO, MOXe TpuBatu 12 mil.
Jns 3a0e3medeHHs BUOYXOIMOXKEXKOOE3NEKH B 3aii
OaceitHiB HEOOX1MHO, MO0 KOHIIEHTPAIIIS PaIioOJIiTHY-
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HOTO BOJHIO B TIOBITpPi OyJia HIKYOIO 332 HIDKHIO KOH-
[IEHTPAIIHY MEXYy BHOYXOBOCTI BOITHIO B CYMIIIi 3
noBiTpsaM (~4% 00.) 3 koediuienrom 3amacy 10. Ta-
KAM YMHOM, KOHLICHTpalisl BOIHIO HE TOBHHHA Tepe-
BurryBati 0,4% 00. 10IycTHMOI KOHLICHTpaLlil BOAHIO
B TOBITpI NMPUMIMIEHbh MO0 BHUKIIOYHTH YTBOPEHHS
BUOYXOHEOE3MMEeYHOI CYMillli 3 KUCHEM.

Hns  Bumagky posMimeHHs Bcboro BSIIL
(21284 on1.) y Bincikax BB 1-5, W(H,)=1,34 Hv*/roz.
TakuM 4YMHOM, NPUITYCTUMHK OOIPYHTOBAaHMI dac
OE3IISIIbHOCTI CUCTEMH BEHTWIALI CTAHOBUTHUME HE
Outebre 7 mi6. Jlms  Toro, o0 KOHIICHTpAITis
PaIioNiTHYHOTO BOAHIO HAJl MOBEpXHEI0 OaceliHy He
nepesurryBaia 0,4% 00., 3ayBaHHs Mae Oytu B 250
pasiB OLbIIe Bifl IIBUIAKOCTI YTBOPEHHS BOHIO, TOOTO
BUTpaTa TOBITPs, IO TPOIYBAEThCS HaJ OaceiiHOM
(BeHTWIISILIIS)) ISt 3a0e3MeveHHsT BUOYXOMOXKEK00e3-
nieku Mae opisrioBati g=250-W(H,), M¥/rox.

Temmeparypa camocnanaxyBaHHS BOJHIO 32 Ha-
SIBHOCTI BOJIsTHOT Tapu cTaHoBHUTE 970 K, a BuOyxoHe-
Oe3reyHi BIaCTUBOCTI BOAHEBOI CYMIllli XapaKTepH-
3YIOThCs Mexkamu crianaxy 4,12—75% o0'emy (puc.).

-

k]
=
=)

[F} weunke ropives | petosauia Hz

=
oo

|:|- wiesnke roplesa Hy

B
g

[J mosinsse repikse Hy

f=1
[=1]

Konusurpawia Ha,

=1
T

04f
03¢

0.2 4

u ; ; ; ; ; ; —
0 0,1 0,2 0.3 04 0,5 0.8 o7
KonuaHTpauis napy, % ob
PucyHnox — Jliarpama ieToHallii Ta ropiHHs BOIHIO [9]

3 aHuX, HABEJICHUX Ha PUCYHKY, BUIIHO, IO Y
Bumnaaky 1 BifOyIeThCs MOBIJIbHE T'OPIHHS BOJIHIO,
JUISl BUNIAJKiB 2 Ta 3 — IMIBUIKE TOPIHHS BOJHIO.

Cryminp TOMKOMKEeHHS Oy/iBelbHUX KOHC-
Tpykuid OyxaiBmi CBAII-1 Oyne BU3HAUaTHCS TUMH
nedopmanisimu 1 pyiiHyBaHHSIMH, SKi BOHH OTPUMAaIIH
i yac BuOyxy BoaHi0. @OpMyBaHHS yIapHUX HaBa-
HTa)XEHb IIiJ1 Yac aBapiiHOro BUOYXy Oe3rmocepeHbo
BH3HAYAETHCS KIJIBKICTIO (00CSITOM), CTEXIOMETPYHUM
CHIBBIHOLICHHSIM BOJHIO 3 MAapol0 1 MeXaMHu 3a-
WMaHHS BOJIHIO.

BucHoBku. TakuM 9HHOM, HaBEJCHA METOIH-
Ka OLIHKM YTBOPEHHA pPaTiONiTHYHOTO BOJAHIO Ta
MOXIMBOTO Horo BuOyxy B mpumimenHsx CBAII-1
Jla€ 3MOTY B paMKax KOHCEPBaTUBHOIO IIJIXOXy NpO-
BOJIUTH BUOYXOMOXKEKHY OIIHKY O€3MEeKH 1 HACITIKIB
aBapifHOTO BUOYXY PaAiONiTUIHOTO BOAHIO.
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S. Azarov, V. Sydorenko, O. Zadunaj

EVALUATION OF EXPLOSIVE RISK IN THE PROCESS OF
STORAGE OF WELDED NUCLEAR FUEL

At present, at the Chornobyl NPP, the main building of the general-purpose storage system for spent nuclear fuel
is the "wet type" storage of spent nuclear fuel number 1 (SNF-1), designed for receiving and storing spent nuclear fuel.
In the light of the post-Fukushima events, the task of increasing the explosion and fire safety is a priority direction of
the Chornobyl NPP operation. SNF-1 should meet the current requirements of safety regulatory documents, both under
normal operating conditions and during emergency situations. Among the emergencies that are likely to occur in the
SNF-1 repository, the occurrence and development of fire in the interior space of reinforced concrete blocks should be
considered. This condition is conditioned by the extraordinary importance of this radiation-hazardous object. An explo-
sion on SNF-1 may occur, mainly due to violation of the rules of operation and fire safety, as well as in the event of
malfunctions or failures of individual systems. Thus, the problem of providing explosion and fire safety on SNF-1 is
extremely relevant.

The purpose of this work was to calculate the study of the formation of radionuclide hydrogen and its explosion
in the premises of SNF-1.

Methods. Measurement, comparison, system analysis, physical and mathematical modeling.

Results. The main purpose of ensuring the explosion and fire danger of SNF-1 is to prevent the uncontrolled de-
velopment of nuclear reactions and the spread of radiation. In the case of irradiation of water with low ionization radia-
tion (for example, by gamma rays), the formation of radicals prevails, whereas for radiation with high ionization density
(for example, a- and B-particles, splinters of division), the formation of molecules becomes more important. In a nuclear
reactor where there are different types of radiation (y-rays and high-energy protons formed during interaction with neu-
trons), both of these reactions take place simultaneously. Radicals H and OH are extremely reactive substances that are
rapidly interconnected with the products formed as a result of the reaction. In the case of radioactive contamination of
water in open containers filled with air and does not contain any active acceptors of OH radicals at appreciable concen-
trations, the observed hydrogen output is usually equal to 0.1-0.2 molecules/100 eV, which is significantly less the
initial release of hydrogen formation. The larger the vessel in height, the greater the likelihood of this reaction com-
pared with the likelihood of removing hydrogen from the liquid phase. But if we organize a non-equilibrium open sys-
tem by forcing the removal of hydrogen from water, for example, by bubbling an inert gas, then the rate of its removal
will exceed the rate of chemical decomposition. In this case, the hydrogen yield will increase and at the boundary it will
be equal to the initial yield (unless, of course, there are no impurities of organic substances in the water, the radiolysis
of which leads to the formation of molecular hydrogen). Therefore, to calculate the rate of formation of radio-hydrogen
hydrogen in the reservoir basin water, the initial yield is used, that is, the maximum possible rate of hydrogen genera-
tion is calculated. Since the radioisotopes of water in the basin are mainly due to gamma radiation (beta and alpha radia-
tion are delayed by the shells of the fuel assemblies and their energy is transferred to heat), the initial yield of the radio-
lytic formation of hydrogen is 0.45 molecules/100 eV. Under normal operation of SNF-1 in the basement area, the ac-
cumulation of radioactive hydrogen is eliminated at the expense of the work of the exhaust ventilation system of the
surface area. The main factors determining the conditions for the formation of an explosive gas mixture based on hy-
drogen are the amount of stored spent fuel and the volume of water and air in the space where spent SNF is stored. The
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calculation is made from all sources of y-radiation with a uniform distribution by source volume. For calculation, the
main radionuclide composition of fuel in the lower beam of the fuel element was used in the case of holding 20 years
and the burning depth of 24 MW-day/kg. The estimated value of the power absorbed by the water in terms of the total
spent fuel, is 1=1,098-10% eV/(m?/h). The failures of the equipment of the complex of the storage system, caused by
both external and internal events, which lead to failures of the ventilation system of the surface of the basin, can lead to
the accumulation of radio-hydrogen hydrogen in the air volume of SNF-1 premises in the absence of ventilation sys-
tems. The break in the operation of the ventilation system, during which it is theoretically possible to achieve the lower
limit of the explosive concentration of hydrogen, may be 12 days. In order to ensure explosion-proof safety in the pool
of pools, it is necessary that the concentration of radiolytic hydrogen in the air be lower than the lower concentration
limit of hydrogen explosion in a mixture with air (~ 4% of volume) with a stockrate of 10. Thus, the concentration of
hydrogen should not exceed 0.4% of the permissible concentration of hydrogen in the air to exclude the formation of an
explosive mixture with oxygen. For the case of placing all spent nuclear fuel (21284 units) in the compartments of the
catchment pool 1-5, W(H,)=1.34 Hm*/h. Thus, the reasonable time of inactivity of the ventilation system will be no
more than 7 days. In order to ensure that the concentration of radical hydrogen above the surface of the pool does not
exceed 0.4% of the volume, the blowdown must be 250 times higher than the hydrogen generation rate, that is, the flow
of air blown over the pool (ventilation) to ensure explosion-proof safety must be equal to g=250 W(H,), m*/year. The
temperature of self-ignition of hydrogen in the presence of water vapor is 970 K, and the explosive properties of the
hydrogen mixture are characterized by an outbreak of 4.12—75% of the volume. The degree of damage to building struc-
tures of the building of SNF-1 will be determined by the deformations and destruction that they received during the
explosion of hydrogen. The formation of shock loads during an accidental explosion is directly determined by the num-
ber (volume) of stoichiometric ratios of hydrogen with the vapor and the limits of hydrogen ignition. Conclusion. Thus,
the presented methodology for the estimation of the formation of radiolithic hydrogen and its possible explosion in the
premises of SNF-1 allows, within the framework of a conservative approach, to conduct an explosion safety assessment
and the consequences of an accidental explosion of radioactive hydrogen.
Key words: spent nuclear fuel, storage of spent nuclear fuel, emergency situations, danger, fire, explosion.
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