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CNCTEMA KOHTPOIJIA TIOPIOYNX

N B3PbIBOOIACHbIX TA3OB

HA OCHOBE TBEPAO-
AJIEKTPOJIMTHbBIX KEPAMU4YECKUNX
HYBCTBUTEJIbHbIX 2JIEMEHTOB

II.H. Maprbinos, M.E. YepHos, A.H. Ctopoxkeuko, B.M. llleneMerbes,

P.II. CapoBHunuunn, A.C.PoMun
THIJ P$-dusuko-3Hepeemuyeckuli uncmumymum. A.H. JlelinyHcko2o, 2. 06HUHCK

BaxHeiuren 3apaveit obecneyenus 6e30macHoON 3KCIUIyaTalun IpoU3BOA-
CTBEHHBIX 00BEKTOB, CBA3AHHLIX C MOJIyYEHUEM, UCIIONIb30BAHUEM, XPAHEHU-
€M U IlepepaboTKOi TOPIOYNX Ta30B U JIETKOBOCIIZIAMEHAIOWNXCA KUAKOCTEN
(HedTe- n rasomepepaboTka, XMMUYECKAA ITPOMBILIIEHHOCTb, TPAHCIIOPT,
AZlepHAsA YHEPTETUKA, 0O0POHHLIN KOMIUIEKC), ABAAETCA 0OHAPYXeHue yTe-
YeK rOplouNX ra3oB Ha paHHUX CTaAuAX. CucteMa, mo3BonAmasn 00HAPYKUTD
MaJibie KOHL)eHTPalMUu roploYmnx ra3os B BO3AYXE, CIIOCOOHA BLIABUTb BO3HUK-
HOBEHWe aBapUNHON CUTyauun Ha paHHeM 3Tare. Takas AuarHocTuka B Cly-
yae MIPUHATUA CBOEBPEMEHHLIX MEP MOXET CII0COOCTBOBATH PeLOTBpalle-
HUI0 aBapUMHOW CUTyaUUXU WK N0KaAu3aLnuu aBapun Ha PaHHUX CTafUAX
pasBUTUA.
B Hacrosmee Bpema B [HI] PO-®3V pa3zpabaTsiBalOTCA CUCTEMbL HA OCHOBE
KaIlCylbHLIX TBEPLO3JIeKTPONUTHLIX AATYUKOB, YA0BILETBOPAOLINE AAHHLIM
Tpe60BaHUAM.
JlaTYuKN KOHTPONUPYIOT COLLEPIKAHME KUCTI0POZA B I'a3e, BKIIOYAOLIEM B Cebs
roploune MpuUMecH, n 0671a7a10T BO3MOXHOCTbIO IIPOU3BOAUTbL PaHHee 00Ha-
PYXEHWe MajbiX KOHLEHTPaUui Takux IpuMecen.

KnioueBble cnoBa: kepamuuyeckuit YyBcTBUTENbHbIA 3nemeHT (KY3), ceHcop kucnopona,
KaTanuTU4ecKnit GunbTp, NapumanbHoe faBfeHWe KUCI0pPoAa, NOHHAA NPOBOLUMOCTD.
Key words: ceramic sensitive element (CSE), oxygen sensor, catalytic filter, partial
pressure of oxygen, ionic conductivity.

ATOMHas 3HepreTMKa B HacTosllee BpPeMA ABNAETCA BaXKHEWLW MM 3BEHOM B 3Hepre-
TWYECKOI CTpaTernu pasBUTUS CTPaHbl U ee HauuoHanbHoi 6esonacHoctu [1, 2].

Mporpammsl poccuitckoit Kopnopaunm «Pocatom» npegycmaTpusaloT MOAEPHM3A-
unto obopygoBanua A3C B Lensx NpoafieHns cpoka akcnayatauum peiictaytownx A3C,
CTPOMTENBLCTBO M BBOJ, B fiecTBME HOBLIX 6110k0B A3C Ha TeppuTopumn Poccuu, a Takke
CTPOUTENBLCTBO M BBOJ, B fleiicTBMe npu nomoum Poccum papa 3apybexHbix A3C. Bee
3TV HanpaB/ieHWUs B Pa3BUTUM aTOMHOW IHEPreTUKM AOMKHbI 06ecneynBaTb HapAAy C
HafEeXHOCTbI0 U 3thheKTUBHOCTbIO paboThl AIC UX AaepHyl0 M pagualnoHHylo Ge3o-
MacHOCTb.

© II.H. Mapmwvinos, M.E. YepHos, A.H. Cmopoxxenko, B.M. Illenememues, P.II. CadosHuuuil,
A.C.Pomun, 2011
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Mpobnema obecneyeHns 6es3onacHocTM M HagexHocTn AIC [OCTUraeTCcs COBEpLIEH-
CTBOM, HAaJEXHOCTbIO M LOCTAaTOYHOCTbIO CMelUManbHbIX 3aWUTHBIX cucTeM. K Takum
CMelManbHbIM 3IEMEHTAM 3alUTHBIX cucTemM GesonacHocT A3C oTHOCUTCA cucTeMa
BofOpoAHON B3pbiBobe3onacHocTu (CBB) AJC, koTopas ABNAETCA OAHOW U3 BaXKHEN-
WKX CTPYKTYp B 0obLieit cucteme cpepcts 6esonacHoctu A3C.

PekomeHAaUMn 0 HEOOXOAUMOCTU HANUYUA CUCTEMbI BOAOPOAHOIM Ge3onacHocTH B
cucteme 6esonacHoctn AIC, HaxoaAWMXCA B IKCMyaTaLuu, PEKOHCTPYUPYEMBbIX W
BHOBb CTPOALWMXCSA CTaHUMIA, onpeaeneHsl B fokymeHTax MATATI [3, 4].

BaxHocTb obecneyeHus ¢yHKLUM BOJOPOAHON B3pbIBO3alMTLl 006yClOBNEH], B
nepByl O4Yepefb, TeM 006CTOATENLCTBOM, YTO MOCNELCTBUA B3aUMOAENCTBUA KUCIOPO-
Aa C BOLOPOAOM, BbIAENAIOWErocs B pe3yabTaTe BO3HUKHOBEHUA aBapuil, MOTyT ObITb
Yype3BblYaNHO PA3PYLWUTENbHBIMU U MPUBECTU K HEKOHTPONMPYEMOMY NPOTEKAHMWIO
aBapuintHoOW cuTyaLum no Tuny YepHoObINbCKOIA.

B3pbiBOONACHBIMU KOHLLEHTPALMAMKU BOAOPOAA ABAAKTCA KOHLEHTpaLWUK, KOTOpble
COOTBETCTBYIOT ONpefefleHHOMY COOTHOLWEHWI0 BOJOPOAA M KUCNOpPOAA B mpolecce ux
B3aumopencTaus. lpu 3TOM Ha peakuuio B3auMoaeiCTBUA BOAOPOAA U KMCNOpoLa BAu-
AeT paf (hakTopoB, KOTOpble CleAyeT Y4YUTbiBaTb NPW OLeHKe B3PbIBOOMACHOIO COCTO-
AHUA Cpepbl:

® o6lyee KONNYECTBO M CKOPOCTb BbIXOAA BOAOPOAA;

® MHAMMKa U3MEHEHUA COOTHOLWEHWSA KOAMYecTBa BOAOPOLA M KMCIOPOAa;

® Ha/jnune napa;

® 0ObeM MoMeLleHus;

® naBneHue B obbeme.

Ha 6ase onbita THL PO-®31 no co3paHuto pasnuyHbliXx YCTPOUCTB KOHTpONs Ans
aTOMHOI 3HepreTukn [5-7] B HacToslee BpeMs aKTUBHO BefeTcs pa3paboTka cucre-
Mbl 18 KOHTpona Bogopoga B nomelleHusax A3C. B paHHbI MOMEHT cywecTBylowme u
cTposimecs AIC aKTMBHO OCHALLAITCA NOAOOHBIMU CUCTEMAMM, B TOM YUCIE NPOU3-
BoaumbiMu B THL, PO-O3U, HO OHM MMEIOT [OBONLHO BbICOKUIA NMOPOr 0OHAPYKEHUA
(npumepHo 0,5% 06.)

Pa3zpabatbiBaemas cuctemMa cnocobHa KOHTPONMPOBaTb BOAOPOA B aTMOChepe KOH-
TeiimenTa AJC, a TakKe MeTaH U Jpyrue BOLOPOJOCOAEpXKaLLMe ra3bl B aTMocdepe npo-
W3BOLCTBEHHbIX U ObITOBbLIX NOMELIEHUA.

B oTnuune oT aHanormMyHbIX yCTpOMCTB pa3pabaTbiBaemas cuctema Haubonee nos-
HO COOTBeTCTBYET TpeboBaHUAM 3KkcnnyaTaumu Ha A3C u coyeTaeT B cebe BbICOKYHO
4yBCTBUTENbHOCTb (0T 0,005 % 006.), GbicTpoaeiicTBMe (MeHee 1 ¢), cnOCOBHOCTL (yH-
KLMOHMPOBATb B WMPOKOM AnanazoHe pabouux Temnepatyp (Ao 700°C) u paBneHwii
(0-0,7 MNa).

CTpyKTypHaa cxema cUCTeMbl NOKa3aHa Ha puc. 1.

OCHOBHbIMM COCTABHbIMW YACTAMU CUCTEMBI IBAAOTCA

® yyBCTBUTENbHbIN 3nemeHT (Y3), npeacTaBnsiowmii coboit ceHcop KMcnopoaa Ha
OCHOBE CrelManbHO pa3paboTaHHOro HaHOKepaMMYecKoro matepuana — TBEPLOTO
OKCUAHOTO 3N1eKTPONUTa;

® KatanutTuyeckuin Gunbtp (peKoMOUHATOP) Ha OCHOBE BbICOKOMOPUCTOrO AYenc-
TOro maTtepuana;

® 371eKTPOHHbIN 610K, ocywecTBastowmin nameperne IAC Y3 n noppepxanue Tem-
nepatypsl Harpesatenei Y3.

OCHOBHOI1 371€eMEeHT CUCTEMbl paHHEro oOHApyXeHMs B3PbIBO- M MOXKAPOONACHbLIX
ra3oB B BO3[yxe — CEHCOp Kucnopoga (puc. 2), obnagaiowmnii BbICOKO YyBCTBUTESb-
HOCTbIO NO OTHOLIEHMIO K aKTUBHbIM K KMCNOpPOAY NPUMECAM B BO3LyXe.

KoHcTpyKumMs ceHcopa Kucnopofa npusefeHa Ha puc. 3. Kepamnyeckuii 4yBCTBU-
TenbHblid 3nemeHT (K43) 6 repmeTnyHO 3aKpenneH B Kopnyce 3 U3 KOPPO3UOHHO-CTOM-
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Puc. 1. CTpyKTypHas cxema cuUCTeMbl paHHero oGHapyXeHWs W KOHTPOAsS B3PbIBO- M MOXAPOONACHbIX rasos

Puc. 3. Cxema ceHcopa kucnopopa:

1 - KoaKcuanbHbIi Kabenb; 2 — BTYNKA;

3 - Kkopnyc; 4 — cutann; 5 — 3NeKkTpoj

Puc. 2. Cencop CPaBHEHUA; 6 — KepaMUYecKnil YyBCTBUTENbHBIN
kucnopona JNeMeHT; 7 — Kepamuyeckas npobka

KON aponpoyHOW CTanu Npu NOMOLLM BbICOKOTEMNEpPaTypHOro repMeTnka — cutanna
4. BHyTpW CeHCopa pacnofioXeH 3NeKTPOA CPaBHeHUs 5, npefcTaBastolwmii coboit cmech
BUCMYTa M ero okcupaa. B BepxHel yacTu gatymka pacrnonoxeH repmoBBOf, KOTOPLIN
M30AMpPYeT BHYTPEHHIO MONOCTb AATYMKA OT BHeLWHeN ra3oBoin cpepbl. [epmoBBOg
COCTOWT U3 BTY/IKM 2 U TepMETUYHOro KoakcuanbHoro kabens 1. Kepamuuyeckas npo6-
Ka 7 npeAHasHayeHa [na UCKIOYEHMA nonajaHus NapoB MeTania B 3NeKTPOAe Cpas-
HEHWUA Ha TopeL, KOaKCWanbHOro Kabens, o6palleHHOro K XUAKOMETANINYECKOMY 3/EK-
TpoAy.

MpuHUMN onpefeneHns KOHLEHTpPALMM KUCAOPOAA YYBCTBUTEAbHBIM 31EMEHTOM
CUCTEMbl OCHOBAH Ha 3NEKTPOXUMUYECKOM MeTOfe C MCNONb30BaHMEM TBEPAOro OK-
CMIHOTO 3NEKTPONNTA, 06N1aAaI0IWEr0 NPU ONPELENEHHbIX YCIOBUAX UOHOCENEKTUBHOIA
NpPOBOAMMOCTbIO, B JAHHOM C/lyyae — MO OTHOLWEHWI0 K MoHam kucnopopa. Cyte meTona
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3aK/YaeTcs B COCTABIEHWUM TaNlbBAHUYECKOTO 3IEMEHTA — «3NEKTPOS CpPaBHEHUA-TBEp-
Abli OKCUAHBI 3NeKTPONNUT-pabounit 3nekTpony». PasHOCTb KOHUEHTPaLMiA KMCNopoaa
B 3N€KTPOJe CPaBHEHWUA C MOCTOSHHbIM NapLuanbHbIM JaBAEHWEM KUCNOPOAa U uccne-
AyeMoli cpefie CTPEMUTCS BbIPOBHATLCA 3a cyeT Anddy3nm noHoB kucnopona yepes KY3.
BenuuuHa ycTaHoBMBILENCA Pa3HOCTM NOTEHLMANOB ONpeAenserca TemnepaTypon u
napumanbHbIM faBNeHMeM KUCAOPOAA B 3NEKTPOLe CpaBHEHWUA U B UCCiefyeMon cpe-
ge. lNoasneHne B nccnepyemon cpefe COCTaBAAOWEN rOpOYero rasa npuBOAUT K W3-
MEeHEHWI0 NOoTeHLMana raabBaHMYeCcKoro 3femMeHTa 6narofaps B3auMoAeinCcTBMIO KuC-
n0poja 1 roployero rasa 1 copoLUMOHHLIM npoLieccaMm Ha paboyem 3neKTpoje YyBCTBM-
TENbHOrO 37eMeHTa.

B kayectBe matepuana K43 ceHcopa ucnonb3yercs AMOKCUL LUPKOHUA, YaCTUYHO
CTabUNU3UPOBAHHBI OKCUAAMW UTTPUSA, XapaKTEPU3YIOWMUIACA [OCTaTOYHO BbICOKOIA
KWCNOPOAOUOHHOW NPOBOAUMOCTbIO, CTAaOUIBHOCTbIO CBOWCTB BO BPEMEHM, TEXHOJO-
FMYHOCTbIO. B pe3ynbTate npoBefeHHbIX UCCNefOBaTENbCKMUX PaboT pa3paboTaH onTu-
ManbHbI XMMUYeckuit n dasoBeblit coctaB K43 [3] 1 M3roToBneHbl Kepamuyeckue 4ys-
CTBUTENIbHbIE 3/IeMEHTbI B BUAE KaNCy/.

Katanutuueckuit punbtp (pekombUHATOP) CUCTEMbI PaHHEro o0OHapyxeHus (puc.

4) npepacTaBnset coboii KaTanu3aTop Ha OCHOBE BbICOKOMO-
pucTbix svencTeix matepuanos (BMAM) ¢ HaHOCTPYKTYpHbIM
nnaTMHOBLIM MOKpbITUeM. Katanusatopsl Ha ocHose BIAM
061afaloT ManbiM ruApaBAMYECKUM COMPOTUBAEHMEM, A 3a
cyeT 0COOEHHOCTe CTPYKTYPbl, aHANOTUYHOW NABUPUHTY,
06eCcneynBaloT MHTEHCUBHbLIN MAcco- U TennoobMeH no Bce-
My o6beMy Katanusatopa. bnarogaps 3Tomy yBennymsaetcs
BPeMA KOHTaKTa ra3a c paboyeil NOBEPXHOCTbIO U AOCTUTa-
eTCA paBHOMepHas ra3ofuMHaMnyecKkas v TennoBas Harpyska.
OcHoBHOW (hyHKLMel pekoMOMHATOpa ABNAETCA KaTanuTuyec-
Koe OKMCNeHue BOLOPOAA, MeTaHa, MponaHa U Apyrux ropto-
YMX ra3oB M MApOB JIETKOBOCNNAMEHAIOWNXCA XKUAKOCTEN
(auetoH, cnupT u gp.).

PaccmoTpum noapobGHee npuHuMn paboThl pa3paboTaH-
HOW CUCTeMbl paHHEro o6HapyXeHus B3pbIBO- U MOXKapoo-
NacHbIX ra3oB. V3mepuTenbHblit 610K cMCTeMbl CBEpXpaHHe-

ro 0OHapyXeHWUs roptoynx rasos (puc. 5) COCTOMT U3 [BYX CEHCOPOB KMUCIOPOAA B OT-
AeNbHbIX TEPMOCTAaTUPOBAHHBIX KOpNycax — nepBoro 1 n BTOPOro 2, Kaxpnbli U3 KoTo-
pbIX CHabxeH KabenbHbIM HarpeBaTeNem U KabenbHbIM TEPMO3JIEKTPUYECKUM Npeob-
paszoBatenem. 06a Koprnyca repMeTMYHO coefjuHeHbl ¢ Tpyboii 3, cHabXeHHOW wWTyue-
pamu, Ans NoABoja M 0TBOAA MCCNeAyeMoro rasa. B HMXKHeN YacTu Kopnyca BTOPOro
CeHCOopa pacnonioxeH Katanutuyeckuii dunbtp 4. Wccnepyembiit ras, npoxoas yepes
TpyO6y, nocTtynaet K nepsomy 1 u BTopomy 2 ceHcopaMm. [Tpu 3TOM, ecnu Ha MokKasaHus
nepBOro CeHCOpa OKa3biBAET BAUAHME MPUMECh FOploYero rasa, To BO3AyX, NocTynao-
WM KO BTOPOMY CeHcopy, OyAeT ouuniieH oT 3Toi npumecu bnarogaps LelCTBUIO Ka-
TanuTUyeckKoro unbtpa (poxuratens) 4. B cBA3m ¢ 3Tum pasuuua B nokasavuax 3[C
nepBoro W BTOPOro CEHCOPOB ONPeAeNnuT CTeneHb 3arpsA3HEHHOCTU WUCCNefyeMoro
BO3/yXa. INEKTPOHHbIN 6N0K (Ha pUCYHKe He MOKas3aH) NPOW3BOAWUT U3MepeHue, CpaB-
HEHWME WM aHaNN3 INIEKTPUYECKUX CUTHANOB 0OOMX CEHCOPOB, ONpefeneHne Temneparty-
pbl MpU MOMOLWM KabeNbHbIX TEPMO3NIEKTPUYECKUX Npeobpa3oBaTeneil U ynpaBneHue
kabenbHbIMW HarpeBaTeNsiMU C LENbi0 NOJAEPKAHUA ONTUMANbHOW paboyeit Temnepa-
Typbl YYBCTBUTEJIbHbIX 31€EMEHTOB CEHCOPOB.

Puc. 4. Katanutuyeckuii
hunbTp-pekomMbuHaTOp
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Puc. 5. Cxema u3mepuTenbHoro 610Kka cUCTeMbl paHHero obHapyXeHus ropioyux rasos: 1 — Kopnyc ceHcopa
1; 2 - Kopnyc ceHcopa 2; 3 — Tpy6a; 4 — KaTanuTUYeCKnit huabTp

TexHUYecKHe XxapaKTepUuCTUKM CUCTEeMbl PaHHEro OGHapyKeHHUnA

HuHWit nopor o6HapyXeHUs ra3oBbiX NpUMecei B BO3ayxe, % 06.

BOAOPOAA 0,005

napoB aLeToHa,cnupTa 0,05

MeTaHa, nponaHa 0,1
[lnana3oH KOHTpOAUpPYyeMOro napLumanbHoOro AaBieHus 0-30
kucnopoaa, % 06.
[laBneHue uccnepyemon cpepsl, kla 0-700
[laBneHue okpyxatoueit cpegbl, klla 84,0 - 106,7

[lmanaszoH fonycTMMbIX TeMnepaTyp Cpelbl B MecTe YCTaHOBKM
n3MepuTenbHoro 6J0Ka

ot 0 go 200°C HeorpaHuyeHHoe Bpems
ot 200 0 250°C 1 yvac
ot 250 0 700°C 250 ¢

Temnepatypa OKpyXalolei cpefibl B Mecte YCTaHOBKM 3N1E@KTPOHHOIO 5-40

6noka, °C

MuUTaHWe AaTYMKa OCYLECTBAAETCA OT CETU MEPEMEHHOrO TOKa C HanpsxeHuem (220
+22; —33) B, vactoton (50+1) lu.

B faHHbI MOMEHT pa3pabaTbiBaeTCs KOHBEKLMOHHbIA BapUaHT CUCTEMbI, B KOTOPYIO
aHanM3MpyeMblit ra3 NocTynaeT 3a cYeT COOCTBEHHON KOHBEKLUM.

BbiBOAbI

Pa3paboTaHHas cucTeMa 0OHapyXKeHWUs U KOHTPO/s BOAOPOAA M APYruX B3PbiBO- U
MOXXapoonacHbIX ra3oB C UCMONb30BAHUEM AATYMKOB Ha OCHOBE KepaMUYecKUx TBep-
AbIX 3/1EKTPONNUTOB NO3BONSIET NPOU3BOAUTL HEMPEPbIBHbIA MOHUTOPUHT OKpYXKatoLyeil
aTMocdepbl U Ha paHHel CTaauW AWArHOCTUPOBATL C/lyYan BO3HUKHOBEHUS yTeyek
BOJOPOZia U PYrMX B3pbiBOONACHbIX ra3oB. CucTema no3ponser paboTtatb B YCNOBUAX
BbICOKMX Temnepatyp (go 700°C) n pasneHunii (go 700 klla) uccnepyemoii cpepbl.

XapaKTepuCcTMKM pa3paboTaHHOW CUCTEMbI paHHero o6HapyXeHWUs No3BONAIT el
COXPaHATb CBOK pPaboToCcnoco6HOCTL Npw
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® 3aMpoeKTHbIX aBapuax Ha A3C;

® noXKapax B Yro/ibHbIX WAaxXTax W Pa3NUHbIX MPOMbILEHHbIX MOMELLEHUAX;

® [PYrux HEWTATHbIX U aBapUMHbIX CUTyaLUAX.

MoTeHuManbHbIMM NOTPEOUTENAMU NPOAYKTA ABNAIOTCA aTOMHAA NPOMbILWIEHHOCTb,
BOJOPOAHAsA 3HEpreTuka, HetTe- u rasonepepabatbiBatollas, XMMmMyeckas, fobbiBato-
1|as, aBTOMOOU/IbHAA MPOMbILWNEHHOCTb, AfepHas 3HepreTuka, HWUWN, 060poHHbI KoM-
nneKkc u ap.
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One-group Fission Cross Sections for Plutonium and Minor Actinides in Neutron Spectra of Fast Reactor Cooled
with Lead-208 or Lead-Bismuth\G.L. Khorasanov, A.IL Blokhin; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering)
— Obninsk, 2011. - 5 pages, 3 tables. — References, 8 titles.

One-group fission cross sections of isotopes of plutonium and minor actinides- Np-237, Am-241,-
243 and Cm-246 —in neutron spectra of fast reactor RBEC-M cooled with Pb-Bi or Pb-208 are calculated
on the basis of 28 group system ABBN. As a result of replacement of Pb-Bi coolant over Pb-208 coolant,
the mean energy of neutrons increases on 6.4% and 6.1% in the core and lateral blanket, respectively.
Under such neutron spectra hardening, the one-group fission cross section increases on 6% for Pu-
240 and on 10% for Am-241.

YNK 621.039.526: 621.362

Space Nuclear Power System Based on SAFE Fast Reactor with Low-temperature Termionic Converters)
V.1 Yarygin, G.E. Lazarenko, M.K. Ovcharenko, A.P. Pyshko, D.G. Lazarenko; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2011. - 9 pages, 4 tables, 4 illustrations. — References, 18 titles.

The possibility of low-temperature thermionic converters (emitter temperature T. <1700 K)
appliance for space nuclear power system (SNPS) based on fast SAFE (Safe Affordable Fission Engine)
reactor with thermal power of 300 kW for long-term operation as a part of the lunar base have been
discussed.

The results of systematic optimization for SNPS s parts and equipment and the calculations for
mass-dimensional characteristics are presented and also the life cycle of SNPS is specified.

VIK 621.039.534.3
Oxygen and Hydrogen Control Systems Used in Gas Circuits and NPP Containment VesselsP.N. Martynov,
M.E. Chernov, A.N. Storozhenko, V.M. Shelemetev, R.P. Sadovnichy; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering)
— Obninsk, 2011. - 6 pages, 3 tables, 6 illustrations. — References, 5 titles.

Increased reliability and safety of the operation of one-piece reactors and installations using Pb-
Bi and Pb as coolant require the development and improvement of the systems able to diagnose the
state of the coolant and detect at early stages the possibility of accident situations. The main controlled
parameters are the oxygen activity in the coolant and the concentration of oxygen and hydrogen in
the gas phase circuit. The most promising devices enabling control of these parameters are the solid
electrolyte sensors made of ceramic oxide, which allow measurement to be taken in the continuous
mode under conditions of high temperatures, pressures, velocities of the environment and thermal
shocks.

VK 621.039.534.6
The Combustible and Explosive Gases Control System Based on Solid-electrolyte Ceramic Sensors\P.N. Martynov,
M.E. Chernov, A.N. Storozhenko, V.M. Shelemetev, R.P. Sadovnichy, A.S. Fomin; Editorial board of journal
«lzvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear
Power Engineering) — Obninsk, 2011. - 6 pages, 1 table, 5 illustrations. — References, 7 titles.

The most important task of ensuring the safe operation of production facilities related to the
production, use, storage and processing of combustible gases and easily flammable liquids (oil and
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gas processing, chemicalindustry, transport, nuclear power engineering, defense industry) is to detect
leaks of combustible gases in the early stages. The system allowing one to detect small concentrations
of combustible gases in air is capable of detecting an accident situation at an early stage. In the
event of timely taken actions, such diagnostics can help prevent the accident situation or confine it
in the early stages of its development.

Currently the systems based on capsular solid-electrolyte sensors are under development in the
SSC RF-IPPE, which are capable of meeting these requirements.

The sensors monitor the oxygen content in gas including combustible impurities as well and
provide the opportunity to make early detection of small concentrations of such impurities.

V1K 621.039.7

SHS-Immobilization of High-Level Waste of An-Tc Fraction into Ceramic-Metal Matrix Materials\ E.E. Konovalov,
T.0. Mishevets, S.V. Yudintsev, B.S. Nikonov, Yu.D. Boltoev, S.S. Shulepov; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2011. — 6 pages, 2 tables, 4 illustrations. — References, 8 titles.

The study has been performed into metallothermic processes of ceramic-metal (cermets) matrices
synthesis for immobilization of Nd, Sm and Re simulating actinides (An) and *Tc of high-level waste
(HLW) produced in the mode of self-propagating high-temperature synthesis. These matrices include
mineral-like formations having the structure of garnet and pyrochlore fixing neodumium and samarium
and alloys fixing rhenium. They are designed for long-term isolation of HLW from the environment.

YK 621.039.7

Immobilization of Uranium Wastes into Glass-Crystal Matrix Using the Self-Propagating High Temperature
Synthesis\E.E. Konovalov, T.0. Mishevets, S.V. Yudintsev, B.S. Nikonov, Yu.D. Boltoev; Editorial board of journal
«Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear
Power Engineering) — Obninsk, 2011. — 5 pages, 1 table, 3 illustrations. — References, 5 titles.

The study has been performed into the immobilization of uranium waste into glass-crystal matrix
material using the self-propagating high-temperature synthesis (SHS). Waste reprocessing involved
the use of sorbent based on heat-treated silica gel enriched with uranium from liquid waste. The
structure of synthesized matrix materials has been investigated by X-ray fluorescence analysis and
scanning electron microscopy.

VIK 631.438: 621.41

The Influence of Physico-Chemical Properties of Soils on the Bioavailability of °Co\LV. Kochetkov,V.S. Anisimov,
LA. Krikunov, M.V. Eremin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. — 8 pages,
3 tables. — References, 6 titles.

Therole of physico-chemical parameters of soils in the accumulation of ©Co by plants (barley) was
defined. A method for scoring the buffering capacity of soils as for ®°Co contamination was proposed.
It s based on dependence between the main physico-chemical soil properties and accumulation of
the radionuclide in plants (barley). Soils are ranked according to the buffering capacity with respect
to ®Co.

VAK 621.039.586

Studies of Shutdown BN Reactor Cooling-Down Modes \E.Yu. Anishev, V.S. Gorbunov, S.M. Dmitriev, S.L. Osipov;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. - 6 pages, 5 illustrations. — References, 5 titles.
Emergency cooling modes of shutdown reactorand conditions for coolant natural circulation
developmentare considered.

VAK 621.039.58
Experimental Investigations of Heat Transfer for the Case with Steam Condensing from the Steam-Air Mixture
on the Heat-Exchange Surface of the Containment Emergency Pressure Reduction SystemA.M. Bakhmetyev,
M.A. Bolshukhin, A.M. Hizbullin, M.A. Kamnev; Editorial board of journal «Izvestia visshikh uchebnikh zavedenty.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. -
8 pages, 1 table. — References, 13 titles.

Presented are experimentalinvestigation results for heat transfer for a case with steam condensing
from a steam-air mixture on an S-shaped heat-exchange surface of the containment emergency pressure
reduction system. The investigations were conducted in the air mass concentration range of 0.270.7
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