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B HacTosllee BpeMA B PAAE ANEPHBIX PEAKTOPOB UCIIObL3YIOTCA KUAKOMETa-
JINYECKUE TETJIOHOCUTENY, B TOM UUCJIE CBUHIIOBOCOMEPKAINE MeTalIndec-
KUe pacIiaBbl. BaxHeilinlee BAUAHWE HA KAUECTBO TEIJIOHOCUTENA OKa3biBa-
10T coLlep)amunecs B HeM IIPUMECH, B IIEPBYI0 OYepenb, KUCIOPOZ. JHaHue
WUCTUHHLIX 3HAaYeHWl TepMonuHaMuueckoit aktusHocTi (TIA) kxucnopona B
Pa3HbIX YACTAX KOHTYpPaA II03BOJIAET MTPUHUMATbL MEPHL K TIOAAEPHKAHUIO 3TOM
BEJIMYMHLL B HEOOXO[IUMOM IMAIa30He C 1e/1bl0 HeAomMyleHus 1iakoobpa-
30BaHUA W BHIKPUCTALIU3ALUN OKCULHBIX (a3 B «XONOAHLIX» YACTAX KOHTY-
Pa U COXPAHEHUA 3alUTHHIX OKCUJHBIX IIOKPHITUI HAa BHYTPEHHUX IIOBEPX-
HOCTAX KOHCTPYKLMUOHHLIX MAaTePUaJOB Ha «TOPAYUX» YIacTKax. [Ind sTux
nenen 6ObNa co3naHa, UCIbITaHA U BHECEHA B TOCPeecTp MOBEpOYHas yCTa-
roska VII JAK, BocripousBogamas pasnnyHbie PeXUMbl aKTUBHOCTW KUCJLO-
POZA B XUAKOMETAJIMYECKUX CBUHII0BOCOiEPKAlUX paciinaBax. Takxe B IHI]
PO-03U 611 paspaboTaH aHaAU3ATOP AaKTUBHOCTU KUCI0POZAA B PacIUlaBax
CBUHUA U cBUHLA-BUcMyTa AAK-1. Ananusarop mpepHasHaueH A HeIlpe-
PLIBHOT'O AUCTAHIMOHHOI'O U3MEPEHUA TEPMOANHAMUYECKON aKTUBHOCTU KUC-
710pofia B CBUHII0BOCOepaieM pacrnase. Ha VII JAK B 2011 r. 6binu mpo-
BeJIEHHI YCIELUIHbIE UCIILITaHUA aHann3aTopoB AAK-1.

KnioueBble cioBa: sfepHas 3HepreTuyeckas ycraHoska (f13Y), yctaHoBKa noBepou-
Hasa ana AaTyukoB akTuBHocTu kucnopoga (YN OAK), TepmoanHammyeckas akTMBHOCTb
kucnopopa (THA), aHanu3atop akTuBHoCcTM Kucnopopa (AAK-1), HoMWHanbHaa cTaTu-
yeckas xapaktepuctuka (HCX).

Key words: nuclear power plant (NPP), oxygen activity sensor calibration rig (OASCR),
thermodynamic activity of oxygen (TDA), oxygen activity analyzer (OAA-1), nominal
static characteristic (NSC).

06wenpu3HaHHO, YTO COAEpXKaHWe NPUMECH PacTBOPEHHOTO KUCIOPOAA B TAXKENbIX
TENJOHOCUTENAX ONpefenseT HafeXHOCTb IKCMNyaTaLun LUPKYNALNOHHBIX KOHTYPOB
Kak C TOYKM 3PEHUS KOPPO3WUU KOHCTPYKLMOHHbIX CTanei, Tak U OTNOXEHUN HA UX
NOBEPXHOCTAX.

© II.H. Mapmuinos, P.IlI. Acxadynnun, A.H. Cmopoxenko, M.E. YepHos, B.B. YnbaHO8,
B.M. Illenemempes, P.II. CadosHuxuil, I1.B. Ky3un, 2012
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B HayanbHbIA NMepuof OCBOEHUS CBUHLOBO-BUCMYTOBOIO TEMIOHOCUTENS AN KOH-
TPONA COAEPXaHWUs B HEM NPUMECH KMCNOPOAA MCMONb30BaNCs MeTofA oT6opa npob Ha
BBIHOC C MX NOCNefylolMM aHann3oM MeToOM BOLOPOAHOr0 BOCCTaHOBNeHMS. B noc-
negylollemM paspabatbiBasnch U UCMONb30BaNNUCL Bonee onepaTuBHbE METOAbI KOHTPO-
N5, OCHOBAHHblE HA MPUMEHEHUU INEKTPOXMMUYECKUX [ATYNKOB C TBEPAbIM KUCIOPO-
AONPOBOAAWMM 3neKTponuToM [1-2]. Pa3paboTaHHble AATYMKW NO3BONAIOT NPOBOAMUTH
n3mepeHuna tepmopsuHamuyeckon aktusHoctu (TOA) kucnopopa B xoge HUP. Kpome
3TOro 6GbiM pa3paboTaHbl M BHeAPEHbl HAa peanbHble 00beKTbl AaTuynku TOA kucnopoga
ANA TPAHCNOPTHBIX AAEPHbIX 3HepreTUyeckux yctaHosok (fA3Y), roe B kauectse Tenno-
HOCWUTENs UCNoNb30BaNCsA pacniaB cBuHel-BucmyT [3]. OgHaKoO Npu MCNoib30BaHWUM
AATYMKOB aKTUBHOCTU KMCIOPOLA BO3HUKIA HEOOXOAMMOCTb pa3paboTKM COOTBETCTBY-
lolwein METOANKM UX NOBEPKM, a TAKKE YCTAHOBKMW, KOTOpas BOCMNPOM3BOAMNA Obl BCe
HEOOXOANMbIE PEXMMbI COCTOSIHUA TENNOHOCUTENS.

B maHHOI paboTe U3N0oXeHbl Cleayolme pe3ynbTaThl:

® Co3[laHNe YCTAHOBKM [/ MOBEPKM AATYMKOB aKTUBHOCTU KUCIOPOAA;

® pa3paboTka CMCTEMbl MOBEPKM AATYMKOB aKTUBHOCTU KUCIOPOAA;

® Co3AaHMe U3MepUTEeNbHOrO 6/10Ka C BO3MOXHOCTbIO OfIHOBPEMEHHOTO0 KOHTPONS
HecKonbkux napametpoB pabotsl gatunka (IAC (mB), Temnepatypsl cnnasa T (°C), ne-
pecyet I1C B aKTUBHOCTb KMCNOpoAa (@), BO3MOXHOCTb 3aMepa BHYTPEHHEro conpo-
TUBNEHMA [AaTYMKA KaK OAHOr0 M3 Haubosee BaXKHbIX NAapaMeTpoB AUATHOCTUKK €ro
paboTocnocobHoCTH.

CO3AHHUE YCTAHOBKH NOBEPOYHON AATYUKOB AKTUBHOCTH
KUC/IOPOAA (YN AAK)

OcHoBHoe npepHa3HaveHue YN JAK — Bocnpou3BefeHne COCTOAHMA CBUHLLOBOCO-
[epKallero pacninaea Metanna Cc 3afaHHbIM 3HAYEHWEM TEPMOAUHAMUYECKON aKTUBHO-
CTU KUCNOPOAA @ WU BO3MOXHOCTb UCMONb30BAHMA ee AN MOBEPKW [AaTYNKOB U U3Me-
putenennt TOA kucnopoga.

BocnpousBsepeHune 3HayeHninn TOA kucnopofa ocywecTBnseTca nyTem UCNONAb30Ba-
HUA KOHTpONMpyeMbix pabouux cpef. MapameTpbl KOHTpoAMpyemoil pabouyeil cpenbl,
Takue Kak Temnepartypa v T[IA kucnopopa pacnnasa MeTanna, YCTaHABAUBAIOTCA PEXU-
mamu paboTbl YIM [JAK M KOHTPONMPYIOTCA NMOKa3aHUAMWU U3MEPUTENbHON TepMonaphbl 1
patumka TOA kucnopoga.

[lns noBepku gaTumka ucnonb3yloTcs ABa TUNA GydepHbix cped. 3Tn bydepHble cpe-
Obl CO3[AI0TCA B pe3ynbTaTe BbINONHEHUA CNeLManbHbIX XMMUYECKUX PeakLuin B peak-
umoHHon emkoctu Y JAK n BocnponsBofAaT COCTOAHMA pacnnaBa MeTanna C 3ajaH-
HbiMW 3HavyeHuamu TOA kucnopopa B dyHkuuu a(T) B 3aBUCMMOCTH OT Temnepatypbl T
pacnnasa.

PaccmoTpuM cnocobbl MoNyYeHUs COCTOAHWA pacnnasa C 3ajaHHbIM ypoBHeM TIA
kucnopopa. CoctosHue pacnnasa meTtanna co 3Havyenuem a(7) = 1 Bocnpou3sBoguTcs
OydepHoii cpefoi, nosyyaemoit Npu paBHOBECHOM MAacCOOOMEHe XUAKOro CBUHUA C
TBEpAON (ha3oit okcuaa ceuHua. CoctosHue pacnnasa ¢ a(T) ~ 107% BocnpoussoauTcs
nyTem co3faHua GydepHoii cpeapl, Nosy4yaemMoit Npu B3aMMOLENCTBUM pacniaBa, npes-
BAapUTENIbHO OYMLEHHOrO BOLOPOAOM M APrOHOM, C XMMUYECKU YUCTBIM XKeNe3oM,

[na nonyyeHuna coctosHue pacnnaBa CBMHUA C 3afaHHbIM ypoBHeM T[A kucnopoga
B YM OAK ucnonb3yiotcs xumMuyeckue peakuuu tuna [4-5]

<Pb0> < [Pb0] < {Pb} + [0] (1)

4 [PbO] + 3 <Fe> & < Fe304> + 4 {Pb}, (2)
rae BuUA CKOOOK 0603HAYaeT (M3NUKO-XMMUYECKOE COCTOSHWE BELLeCTBA: < > — TBEp-
poe, [ ] — pactBopeHHog, { } — XuaKoe.
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Mpu HacblWeHUM pacniaBa MeTanna pactBopeHHbiM PbO u npu poctuxeHun Tep-
MOJMHAMUYeCKOro paBHOBeCUs 0OpaTUMbIX MPOLECCOB, MPOMCXOAALLNX B pacniase no
peakuuu Tuna (1), B XXMAKOM MeTanie ycTaHaBnuBaeTcs 3HaveHue TOA kucnopopa pas-
HbiM efuHuue. KoHueHTpauus HacblweHnus [PbO] B nepecuete Ha KOHLEHTpaLMIO KuC-
NIOPOAa ONUCLIBAETCS YPABHEHUAMU

lgC, :3,2_@ JNA CBUHLA (3)

3400
[/ cnjaBa CBUHEL-BUCMYT, (4)

g€, =1,2—

rae Cs — KOHLeHTpaumusa HacolweHus, % macc.; T — Temnepatypa, K. Micxopa n3 (3) nau
(4) paccumTbiBaeTCA MMHMMaNbHO HeobXxoaMMoe KonuyecTBo TBepaon dasel [PbO].
Mpu npoTekaHum peakuuu (2)
/’ Cucrea s pacnnaB «packucnsetcay, a TOA

KMCIOPOJA YMeHbLIAeTCa A0 3Haye-
HWiA, paBHOBeCHbIX ¢ Fes04, PaBHo-
BECHOE COCTOfiHMe peakuun (2)
3aBUCUT OT TEMMEPATYPLI, NO3TOMY
0 =0g, o, €CTb TaKXKe PYHKUNS TeM-
nepatypbl. MUHUMaNbHO Heob6Xxo-
AMMOE KONMYeCcTBO TBEPAOit (a3bl
<Fe> nns obecneyeHus cocTosHUA
paBHOBECUA PACCUYMTLIBAETCA WC-
xopaa u3 dhopmynbl

Ar(He)

66,0322, (5
roe Cre — KOHLEHTPALMA Hacblwe-
Hus Fe, % macc.; T — Temneparypa,
K.

[Ina npoBefeHUs XUMUYECKUX
peakuuit no tuny (1) uam (2) mc-
Nob3yITCA CheaylLne xummyec-
Kne peaKTuBbl:

® okcupa cBuHua PbO (TBeppas
tasza) — ona co3faHua COCTOAHUA
pacniaBa Cc MakcumanbHon THA
Kucnopopna, T.e. a=1;

® xene3o M oKcup xenesa Fe u
Fes0, (TBeppas dasza) — ans cospa-
HUA cocTofHMA pacnnasa ¢ THA
KUCNIOPOAA, PaBHOM b .

PaspaboTaHHas yCTaHOBKA
(puc. 1) cnocobHa BocnponsBso-
AUTb KNCNOPOJHbIE PEXUMbI, ONU-

Puc. 1. YcTaHOBKa nmoBepoyHas [aTYMKOB aKTUBHOCTM CaHHble ypaBHEHUAMM (1) " (2)
kucnopopa: 1 — parumku (fo 5 Wt.); 2 — repMeTuYHas

e€MKOCTb C pacnnaBom; 3 — Tepmonapa; 4 — yBNaXHUTenb;
5 — maHoMmeTp; 6 — HarpeBaTenb; 7 — WTOK;

8 — yCTPOWCTBO perynupoBaHwUs TepMOLUHAMUYECKOW
aKTUBHOCTU Kucnopopa; 9 — ruapo3artsop;

10 - ycTpoiicTBa repmeTusayuu WTOKOB
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CUCTEMA NOBEPKH AATYUKOB AKTUBHOCTU KUCJIOPOAA

B npepbipylwem pasgene ykasbiBanocCb, YTO ANA NOBEPKM AATYMKOB aKTUBHOCTU KUC-
NI0pPOfa MCMNOAL3YIOTCA ABA TUNA COCTOAHUA TEMNOHOCUTENSA, Pean3yemMble Ha YCTAHOB-
ke YN JAK: a(T) =1 wu aFe:OAzlo‘ﬁ. Ina namepennsa TOA Kucnopona CBMHLOBOCOLEPKA-
wero metanauyeckoro pacnnasa YN JAK c nomowbio gaTunka ucnonb3oBaHa WKana
3asucumoctu 3C (E) patymka, Temnepatypsl pacnnasa (7), KoHUeHTpauun (c) u ak-
TUBHOCTW (a) KNCNOPOAA COOTBETCTBEHHO B [Mana3oHax, peann3yembiX Ha yCTaHOBKe
YN JAK. [anHaa wkKana yCcTaHOBM€Ha HA OCHOBAHWM 3NEKTPOXMMUYECKOrO YpaBHEHUS
HepHcTa (MHCTpYMeHTanbHoe onpepeneHue).

MpuHumun noctpoeHus wkansl TOA Kucnopoga B CBMHLOBOCOAEpKAlleM pacniase
MeTansa OCHOBAH Ha CBOWCTBAX 3/IEKTPOXUMUYECKOW AYENKM C INEKTPOAOM CpaBHe-
HUA B]‘B1203

B kayectBe moTeHuManoobpasyolleil INEKTPOXMMUYECKON peakuumu paccmaTpuBea-
eTCs peakuus Tuna

<Bi,05> + 3 {Pb} = 3 <Pb0> + 2 Bi. (6)

Peakuns (1) npoTekaeT nocpescTBOM 0OMEHa MOHAMW KMCNOPOAA, NPOHUKAIOLLN-
MU Yepe3 TBEPAbIN KepaMUyeCcKUin 3neKTponuT. Pa3HoCTb noTeHuuanos, hdopmupyemas
INEKTPOXUMUYECKOW AYENKOW, paBHa

Fe_ AG; ’ )
nF
raoe AGr — u3MeHeHUe NoNHOro noteHuuana fmé6ca (OKUCAUTENbHBI NOTEHLMAn);

n =6 — YNCNO 3NEKTPOHOB, yyacTByloWMx B peakumun (6); F = 96485 Kn/monb — yncno
®apages.
N3meHeHne nonHoro noteHymana Mmé6ca peakyuu (6) onucbiBaeTCA ypaBHEHUEM
3
a
AG; = AG’ +RT In-2—, (8)
0,0,
roe AG? — M3MeHeHWe CTaHfJapTHOro noteHuuana Mb6ca ans peakuuu (6); R = 8,314
— YHMBepcanbHas razoBas noctosHHas, [Ixk-K-1-monb1; T — Temnepatypa, K; appo — THA
KUCNOPOAia B CBUHLE; dgio — T[A KMCIOPOAA B 3N€KTpoe cpaBHeHns Bi-Biy0s.
MockonbKy B Bi npucyTcTBYIOT KOHAEHCUPOBaHHble (asbl Bix03, dg o =1.
AG; =3AGrp _AG;)Bizosr (9)
roe AGbeO — CTaHAApTHbIN TepMoaMHamMMyeckuit noteHuman PbO; AG;’BiZOS — CTaHpapT-

HbIl TepMOAMHAMMUYECKMIA noTeHuman Bi,0s.
Takum o6pa3om, HaTypanbHblil norapudm TOA Kucnopoga onpenensercs kak

(10)
3RT
3HayeHns CTaHAapTHLIX TEPMOAUHAMUYECKMX NOTEHLMANO0B U UX MOrpeLiHOCTeil:
AGY,,, =—215280+95,367 C norpeuwHocTsio +190 [x/r-at.0;;

AGFy o, =—189970+92,45T¢ norpewHoctbio +250 [k/r-at.0,.
3Havenus TIOA kucnopona B KOHTponMpyemoi paboyeii cpefe onpeaensercs uame-
peHHbIMK 3HaveHuamu 3[C patyMka v TemnepaTypon B COOTBETCTBUM CO ClepyloWnUMu
dhopmynamu:
_(0,131-£-1,5-107T)
9,915-107 T

lga AN CBUHLA (17)
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lga = (0,088—-EF-1,78-107-T)
9,917-107-T

rae g — TepMOAMHAMUYeCKas aKTMBHOCTb KMCNOPOAA; T — U3MepeHHoe 3HayeHue TeMm-

nepatypsl pacnnaea, K; £ — n3mepeHHas senuuunna 3[0C patunka TOA kucnopoga, B. Ha

OCHOBAHWU 3TUX ypaBHEHWIA N 3aBUCUMOCTU

ANs CnNnaBa CBUHEL-BUCMYT (12)

a=—
Cs

cTpoaTcs puarpammbl E-Co-a-t pns ceuHU@ U cBUHUA-BUcMyTa (puc. 2), rae C — Tekywas
KOHLEHTpauma Kkucnopofa B pacnnase, (s — KOHLUEHTPALMA HACbIWEHUA KUCA0poaa.

uB

T -10 - ]
e e=n c=10" = | .
c=192 | €10 co10° a=10" c=10
a=10" a10"
460
a=10"
410
c=10"
360 | léﬁiiiij
a=10"
/
310 / // c=10"
260 _ant
| ] a=10
/
210
/7
a=10"'
160 1 |
.————__'f—#_
—
7 =107
110 1
a=1
60

280 330 3

2]

0 430 480 530 5
Termeparypa, *C

=]

0 630

Puc. 2. HCX — HoMMHanbHas ctaTuyeckas XapaKTepUCTUKa AaTynKa aKTUBHOCTU KUCOpoAda Ha npumepe
pacnnaBa CBUHEL-BUCMYT

TemnepatypHas 3aBucumoctb I[C faTymka Ha ypoBHE MAKCUMaNbHOW aKTUBHOCTU
kucnopopa B pacnnase (a = 1) onpepenserca Kak

E=0,131-1,5-10">-T ans pacnnasa Pb, (13)

E =0,088-1,78-107°-T gnsa pacnnasa Pb-Bi, (14)

roe £ - nokasaHus patumka, B; T — Temneparypa pacnnaea, K. 3Hauyenus 3[1C B Temnepa-

TypHOM AnanasoHe 350-600°C c warom 50°C (gns pacnnasa Pb-Bi) cBepeHsl B Tabn. 1.

3HaueHuns IAC patumka Ha ypoBHe aKTUBHOCTU KMCIOPOAA B pacniase, COOTBETCTBY-
tolweit akTUBHOCTM Kucnopopa B Fe304 onpepensioTcs Kak
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Tabnuua 1
T,°C 350 400 450 500 550 600
E, mB 77 76 75 74 73 72
E = 0,45+0,64-1074-T, (15)

roe £ — nokasaHua patuumka, B; T — Temnepatypa pacnnasa, K. 3Hauenus 3[C Ha ypoBHe
Fes0, B TemnepaTypHoM auanasoHe 350-600°C c warom 50°C cBefeHbl B Tabn. 2.

Tabnuua 2
T,°C 350 400 450 500 550 600
E B 490 493 496 499 502 505

Mpepfen 0THOCUTENbHOTO OTKNOHEHUA MOKa3aHUil [aTYMKA OT TEOPETUYECKUX 3Ha-
yenmit (HCX) onpepenserca ¢opmynamm

npua=1
-5
&= 0.131-1.5-107T-£ ANS pacnnaBa CBUHLA, (16)
E
0.088-1.78-10°T —E
o= T ANA pacniaBa CBUHEL-BUCMYT; (17)
npu a=d,,,
5= 0.45+0£:64T—E (18)

LN CnnaBa CBMHEL-BUCMYT U /i pacniaBa YMCTOro CBUHLA,
roe £ - nokasanus pgatyuka, B; T — temnepaTypa pacnnaea, K B BOCNpPOU3BOgUMbIX TOY-
Kax wkansl TOA kucnopoga

[laTynk cumTaeTcs NpowWeAWwnM UCMbITAHUS, ecin & He npeBbliwaeT 10% BO BCeM
AvanasoHe Temnepatyp (350-600°C), npu a =11 a =0 .

Ha cerogHsAWHMIA AeHb BCe M3rOTaBNMBAEMbIE AATYMKW aKTUBHOCTU KMCIOPOLA NpoO-
XOOAT UCNbITaHWUS NO BbILLIEONMCAHHON MeTofuKe Ha pa3paboTaHHoi Y JAK u ucnonb-
3yI0TCSA B [L€CATKAX IKCMEPUMEHTOB B YCTAaHOBKAX Kak GaKoBOW KOMMOHOBKW, TaK W B
LMPKYNALMOHHBIX CTEHAAX B PasnuyHbix noapasgenenusx THL PO-03N, a Takwke B opy-
rux opraHusaumsx: ®FYN HUKNIT (r. Mockea), LHUWKM «Mpomerteiix» (r. C.-Metepbypr),
ctenp CIRCE (Mtanus).

C uenbio onepaTUBHOM 06pabOTKM CMrHANA, MOCTyNaWero ¢ AaTynKka B npouecce
paboTbl, B 2011 r. B @3 6bin pa3paboTaH M3MepuTeNbHbI 6N0K, KOTOPbLIA B COCTaBe C
AATYNKOM aKTUBHOCTU KMCIOPOAA Obln cepTUdULMPOBAH KaK aHanM3aTop aKTUBHOCTH
kucnopoga AAK-1 (puc. 3).

N3meputensbHebiii 610k (MB) He ToNbKO CHUMAET CUrHaN C AaTyMKa U BbIBOAUT €ro Ha
avcnnei, Ho n npeobpa3sosbiBaeT I[IC cMrHana aaTymMKka B aKTUBHOCTb, UMEET BbIXOA MOJ,
TEpPMONApy, 4TO NO3BONAET KOHTPOAMPOBATL TEMNEPATYPY B MeCTe YCTAHOBKU AaTyu-
Ka (cnnaea), NpOM3BOAUTL 3aMep BHYTPEHHEro CONpPOTUBAEHUA AATYMKA KAK OLHOrO
W3 napameTpoB, XapaKTepusytowmux ero pabotocnocobHocTs. Takke Wb aHanusatopa
No3BONSET NPOU3BOAUTbL BLIOOP KOHTPONMPYEMOIA cpefbl (CBUHEL, CBUHEL, — BUCMYT).
Ha vHaukaTope aHanu3atopa 0TOOpPaXalTCA MO BbIOOPY NOAb30BATENsA KOHTPOIMpYe-
Mble napametpbl cpenbl (3AC (E), akTMBHOCTb, TEeMNepaTypa).
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Puc. 3. MepauuHblit npeobpaszosatens AAK-1 — faTunk akTUBHOCTM Kucnopopa (cnesa), U3mepuTenbHblit 610k
AAK-1 (cnpasa)

3AKNIOYEHME

Pa3paboTaHa 4 cO3AaHa, a TaKKe 3apernctpuposaHa B [ocyaapcTBEHHOM peecTpe
CPeAcTB U3MEpPEeHUit YCTAHOBKA ANA NPOBEAEHUA METPOAOrMYECKUX UCMbITAHWIA AaTym-
KOB aKTUBHOCTU KMCNOpOAa.

Pa3paboTaHa cucTEMa MOBEPKM JATYMKOB aKTMBHOCTM KUCAOPOAA, MO KOTOPOM Ha
CErofiHAWHMUN [eHb NPOXOAAT UCNbITAHUA BCE [ATYMKM KMCNOPOAA, U3rOTOBASEMbIE B
FHL PO-03N.

Pa3paboTaH, M3roTOBNEH M MPOLWeN UCMbITAHUSA aHANWM3aTop aKTUBHOCTM KUCIopofa
AAK-1, cocTosuuit U3 AaTyMKa aKTUBHOCTM KUCNOPOAa M M3MepuTenbHoro 6noka. AHa-
NM3aTop NO3BONSET ONEPATUBHO W HEMpPEPLIBHO KOHTPONMPOBATb NapaMeTpbl pabouyeii
cpepnbl, @ TaKXXe NPOM3BOAUTbL AMATHOCTUKY AaTYMKa B NMPOLECCe ero 3Kcnayatauuu.

WUccnepoBanua nposopAaTca npu nopaepxke MuHucrepcTea o6pa3oBaHMA U Ha-
yku P® (TK N216.526.12.6008).
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(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 8 pages,
5 illustrations. — References, 9 titles.

Dynamic processes in thermalinsulation of power plants pipelines caused by depressurization are
the goal of the research. Simulation of various leaks was realized by using adapted computer code
«KUPOL-M» developed in SSC RF IPPE.

VAK 621.039.7

Assessment and prognosis of radioecological impact of the radioactive wastes storage sites of the «North-
West Territorial District» Leningrad branch of FGUP «RosRAO» \LL. Kryshev, A.Y. Pahomov, S.N. Brykin,
V.G. Boulgakov, T.G. Sazykina, I.A. Pahomova, L.S. Serebryakov, N.S. Roznova, AL Kryshev, LY. Gaziev,
K.V. Lunyova, M.A. Dmitrieva; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. —
10 pages, 7 tables, 2 illustrations. — References, 11 titles.

Analysis of radioecological situation was performed for the territories located near the radioactive
waste storage sites of the «North-West Territorial District» Leningrad branch of FGUP «RosRAO». The
planned annual dose from the regular releases is estimated to be 1,1-10* mSv/year, which is two
orders of magnitude lower than the level of negligible radiation risk. At present, annual doses are
considerably lower than the permissible dose limits; they do not exceed 1-2% of the natural radiation
background. Hypothetical scenario of radiation accident was developed; it was shown the absence of
territories where obligatory measures of radiation protection of population should be applied in the
case of such scenario. Outside the working areas dose rates to biota do not exceed the natural
background levels.

VAK 621.039.003

Assessment of Russia Nuclear Power Development Model Sensitivity Analysis to Possible Changes of Selected
Economic Parameters\A.F. Egorov, V.V. Korobeynikov, E.V. Poplavskaya, G.A. Fesenko,; Editorial board
of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher
Schools. Nuclear Power Engineering) — Obninsk, 2012. — 9 pages, 5 tables, 5 illustrations. — References,
4 titles.

Different variants of Russia nuclear power development scenarios are compared. The major technical
and economic indicators are taken into account. In scenarios at price change for separate components
of the system balance between thermal and fast reactors is changing, quantity of plutonium, quantity
of demanded natural uranium, spent fuel volumes and a radioactive waste are estimated.

VAK 621.039.534

Iron Oxide Reference Electrodes in Solid Electrolyte Sensors Designed to Control the Thermodynamic
Activity of Oxygen\P.N. Martynov, R.Sh. Askhadullin, K.D. Ivanov, M.E. Chernov, V.V. Ylyanov,
V.M. Shelemetev, R.P. Sadovnichy, R.Yu. Cheporov, S.-A.S. Niyazov; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2012. - 6 pages, 4 illustrations. — References, 5 titles.

The paper presents results on the use of iron oxide reference electrode in the oxygen activity
sensors used to measure the oxygen activity in heavy liquid metal coolants. The specific features of
the operation of the sensor with iron oxide reference electrode are established and comparative
characteristics with respect to other applicable reference electrodes are presented. Conclusions on
the reasonability of its use for measurement of oxygen activity in liquid metal media are drawn.

VAK 621.039.534

Peculiarities of Metrological Calibration of Oxygen Activity Sensors in Liquid Metal Coolants\P.N. Martynov,
R.Sh. Askhadullin, A.N. Storozhenko, M.E. Chernov, V.V. Ylyanov, V.M. Shelemetev, R.P. Sadovnichy,
P.V. Kuzin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 7 pages, 2 tables,
3illustrations. — References, 5 titles.
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The liquid metal coolants including lead containing metallic melts are used in a number of nuclear
reactors at present. The impurities being contained in the coolant, primarily oxygen impurity, exert
an important effect on its quality. Knowledge of the true values of the thermodynamic activity (TDA)
of oxygen in different parts of the circuit enables this quantity to be held in a proper range. This is
necessary to prevent slag formation and oxide phase crystallization in the “cold” parts of the circuit
and preserve the protective oxide coating on the inner surfaces of structural materials in the “hot”
sites. To do this, the OASCR calibration rig capable of reproducing the different modes of oxygen
activityin liquid lead is constructed and tested. The OASCR calibration rig is entered in the State List.
In SSC RF IPPE the 0AA-1 analyzer is developed as well, to measure the oxygen activity in liquid lead
and lead-bhismuth. The analyzer makes it possible to take continuous remote measurements of the
thermodynamic activity of oxygen in molten lead. In 2011 the OAA-1 analyzers were successfully
tested using the OASCR test rig.

VAK 621.039.51

Optimization of Isotopic Composition Identification by Program Code MGAU using Statistical Methods
V.I. Boyko, M.E. Silaev, Y.V. Nedbaylo; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012.
— 6 pages, 2 illustrations. — References, 8 titles.

This paperincludes statistical analysis of isotopic composition results that were got with program
MGAU. Multivariate analysis was chosen as suitable statistical method. In accordance with results of
analysis the recommendations were made for using of this program code in combination with Low
Energy Germanium Detector. These recommendations give opportunity to optimize of measurement
process of uranium isotopic composition.

VIK 621.039.51

IRT Research Reactor Burnup Calculation for the Analysis of Conversion to Low Enrichment Uranium
Fuel\S.V. Ivakhin, A.I. Radaev, G.V. Tikhomirov, M.V. Shchurovskaya; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2012. - 10 pages, 5 tables, 4 illustrations. — References, 8 titles.

Neutronic characteristics of IRT-3M fuel assembly with dioxide high enrichment uranium (HEU)
fuel and uranium-molybdenum low enrichment uranium (LEU) fuel are considered. Results of
calculation of irradiated fuel isotope composition are presented. Test problems for IRT cells with HEU
and LEU fuel calculated by MCU and MCNP codes are proposed.

VAK 621.311.25.004.7
Creation and Application of Multidimensional Information Models of NPP Unit for Decommissioning
B.K. Bylkin, V.L. Tikhonovsky, D.V.Chuyko; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) -
Obninsk, 2012. — 11 pages, 3 illustrations. — References, 10 titles.

Basic principles of the imitational modeling application for the nuclear power plant
decommissioning planning have been described.

VIK 532.546

The comparison of Two Approaches for Calculation of the Force Interaction of the Two-Phase Flow with
Tube Bundle\V.G. Asmolov, V.N. Blinkov, V.I. Melikhov, 0.1. Melikhov, A.A. Nerovnov,Y.V. Parfenov;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 6 pages, 2 illustrations. — References,
10 titles.

The comparison of the two different approaches for simulation of the force interaction of the two-
phase flow with the external surfaces is presented in the paper. The two-velocity two-phase flow
model was developed for calculation of the two-phase pressure drop for the cross flow across tube
bundle. The pressure drops across tube bundle were calculated with this model using two different
approaches for simulation of the two-phase flow drag with the tube bundle. The calculated results
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