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[IpuBepneHsl pe3ynbTaThl TPeXJeTHeN SKCINyaTauun akyCTO30HA0BHIX 24-X
TOYEUHHBIX CUTrHANN3aTOPOB ypoBHA Ha cTeHze KB-2. OTMeueHo, 4TO CurHa-
JM3aTOPHL B LieJ10M PaboTanu yAoBIETBOPUTENBHO. B MepexopHbIX pexumax
II03BOJIAIN BECTU HabliofeHUa 3a TeIjlorMAPaBAUYECKUMU TpolieccaMu B
peakTope, CBA3AHHLIMU C 06pa30BaHWEM ITApPOBOWA Gasbl, B TOM YUCIIE KBCITY-
YUBaHWE» YPOBHA TEIUIOHOCUTENS, TapoBble 00pa30BaHUA, KOHAEHCAUUA.

KnioueBble c/I0Ba: aKyCTO30HAOBbIE CUTHANU3ATOPLI, TEPMOTMAPABIMYECKIME NpOLEC-
Cbl, NapoBas ¢asa, KoHAeHcauus, urrerpanbHelin cteHp KB-2.

Key words: acoustic probes, thermohydraulic processes, vapor phase, steam
condensation, integrated stand KV-2.

OAHMM M3 OCHOBHbIX TEXHONOTMYECKUX MAPAMETPOB, ONPEAENaiOWMM HOPMANbHYHO
W 6e30MacHyl0 3KCNAyaTaLuuio peakTopHON YCTAHOBKM, ABNSETCA YPOBEHb TEMJOHOCK-
Tensa. B yacTHocTH, pasrepmeTnsauuma nNepBOro KOHTYpa MOXET NPUBECTM K OCYLIEHUIO
aKTWBHOW 30Hbl, HAPYLWEHUIO NpoLecca OTBOAA Tenaa U NociefyolWeMy niaBieHuio
Tonnuea. Mo3ToMy ypoBHEMEpbl OTHOCATCA K Haubosee BaXHbIM KOMMOHEHTAM CUCTe-
Mbl 0becrneyeHus 6e30nacHoOCTU.

MpuMeHsaTCA NpUOOpPbLI KOHTPOAA YPOBHSA, OCHOBAHHbIE HA Pa3NUYHbIX (u3nyec-
KMX NPUHLMNAX, B YaCTHOCTU, TMAPOCTATUYECKMNE, OCHOBAHHbIE HAa ONpefeneHnn Beca
cTonba XMAKOCTM, KOTOpble XOPOLWO 3apeKoMeHLoBanu cebs npu n3mepeHnn opHodas-
Horo TennoHocutensa. OfHaKo M3MepeHne YPOBHA 3HAYUTENLHO YCNOXKHAETCA NPU KU-
NeHWUMU TENNOHOCUTENSA, KOTOPOE BO3HWUKAET, HAaNpuUMep, Npu NepexofHbIX Npoueccax
W B aBapUMHbIX CUTyaLMUAX.

[pyroit npo6bnemoit B peakTOpHON YPOBHEMETPUU SBASETCA METPOSOTUS npubopa,
yTo 06YCNOBNEHO CNELUDUKON YCNOBUIA €ro NpUMeHeHUs. [INs UCKIYeHUs MeTposo-
rMYecKon aTTecTaumm npubopa NPUMEHSIOT KOHCTPYKTUBHOE WUCMOSIHEHUE AaTYMKa B
BUJE MHOTrOTOYEYHOrO CUrHanM3aTopa Xuakon (razoBoi) asbl TeNNOHOCUTENSA MO
BbICOTE KOHTPOAMPYEMON €MKOCTW. B pe3ynbTate mosy4aloT ypoBHEMEp AUCKPETHOrO
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AeACTBUA C PUKCMPOBAHHBIM WATOM KOHTPONA YPOBHSA, He Tpebyiolero MeTponoru-
yeckoro ceptudukarta.

Haubonee npuemnembiMu gns peleHns 3ajaqu KOHTPONA YPOBHS BOASHOTO Tenno-
HOCUTENA B PEAKTOPHbIX YCTAHOBKAX, N0 HalleMy MHEHWIO, ABNAKTCA aKycTUyeckue
YPOBHEMEPbI, OCHOBAHHbIE HA MCNONb30BAHUM MeTanIMyeckux BonHoBofoB [1]. Mx
npMMeHeHMe NO3BONSIET NPOBOLUTL U3MEPEHUA NPAKTUYECKU Ge3blHEPLUMOHHO U CO-
3[1aBaTb [ATYMKKM CO 3HAUYUTENbHLIM PECYPCOM B IKCTPEMANbHbIX YCIOBUAX AAEPHOI
YCTaHOBKM. TexHUKa 1 Teopua BONHOBOLHbIX LAaTYMKOB, UCMONb3YIOWMX Pa3NUyHbIe TUMbI
HOpManbHbIX BOAH, onucaHa B [1].

B pabotax [2, 3] npeacTaBneHa MHOroToYeYHas aKyCTO30HA0Bas CMCTeMa Ha OC-
HOBe YNbTPa3BYKOBbIX BONHOBOJHbIX 30HLOB MPOAO/bHLIX BOJH, NO3BOAAIOLLAA KOHT-
pONAUPOBATHL pacnpeaeneHne o6bEMHON KOHLEHTPALWUM ra3oBoii dasbl No BbiCOTe C
NOObIM 33laHHbIM WAroM B peanbHoOM MaclwTabe BpemeHu. O6Liee KOMYECTBO KULKOIA
tasbl TennoHocUTeNs B 00bEME, A TaKXKe BENUYMHLI YPOBHeil (BeCOBOro, 06bEMHOTO,
rMAPOLMHAMUYECKOTO W T. [i.) HaxOAATCA NPU NOMOLM NPOCTbIX BbIYUCAEHUA.

AkycTo3oHpoBble curHanusartopsl yposHsa (CY), nsrotosnenHvle OKBM, ycnewHo npo-
WU MEXBEAOMCTBEHHbIE UCMbITaHWA [3]. [laTyMKnM cMrHanu3aTopoB NO3BONAIOT onpepe-
NATb Pa30BbI COCTAB TEMNNOHOCUTENA B 24-X TOYKAX MO BepTMKanu ¢ warom 100 mm.

B 2008 r. gBa CY 6binM CMOHTUPOBAHbLI U BBEAEHbI B IKCMyaTaLUIO B UHTETPASbHOM
peaktope cteHpa KB-2[4] HUTWU (r. CocHoBblit bop). CTeHA ycnewHo akcnayatupoBan-

ca n 6bin ocTaHoBneH B Mae 2012 r. K HacToswemy
CurHanusaropel ypoBHs BPEMEHM HaKomnfeH 6onee Yem TPEXNETHUN OMbIT K-
cniyaTtauuMu akycTO30HAOBbIX CUTHANM3aTOpOB.

Jatunkn CY ycTtaHOBNEHbI HAA aKTUBHOM 30HOIA
peakTopa B nogbeMHOM yyacTtke (puc. 1). bnoku BTO-
PUYHBIX NPUOOPOB BbIHECEHbI B COCEHee nomelle-
HWe U OCHalieHbl BEPTUKANbHO PAaCMONOXKEeHHbIMU
CBETOAMOAHBIMU MHAMKaTopamu (puc. 2). Kpome
TOro, npegycMmoTpeHa nepepadya WHdopmauun B
nynbToBOoe nomeljeHune creHpa (puc.3). BeixopHele
CUTHANbl CUrHaNWM3aToOpPOB ObiNN BBEAEHbl B CUCTEMY
ACY v aBapuiiHOM 3alWuTLl peakTopa.

XapakTepu3ysa OnbIT 3KCnayaTauum CUrHanu3saTo-
pOB Ha CTeHAe, OTMETUM ero rnaBHble pe3ysbTaThl.

CY pabotanu yAOBNETBOPUTENLHO B TeYEHUE BCe-
ro LUMKna 3Kcnayataumm B NONHOM COOTBETCTBUU C
TEXHWYECKUM 3afaHneM Ha npubop.

B cTauMoHapHbIX pexumax npubopsl paboTanu
yCcToiYnBO. JloXHble cpabaTtbiBaHua A3 cTeHAa, He
Habnpanmce.

B nepexopHbix pexunmax CMrHanM3atopbl N03BO-
NANU BECTU HAbNofeHUsA 3@ TEMIOTUAPABIAUYECKUMM
npoueccamn B peakTope, CBA3aHHbIMU C 06pa3oBa-
HWEeM MapoBOW (a3bl, B TOM YMCIe KBCMy4YUBAHUED
VPOBHSA TENNOHOCUTENS, ABUXEHME NAPOBbLIX 06pa-
30BaHWIN, KOHAEHCALUMIO U CTeKaHWUe XUAKOW da3bl.

3Tn 3cpdekTbl MOXKHO OblNO HabNoAaTe Gnaropa-
pA CBETOAMOAHOW MHAMKALWKW, KOTOpas No3Bonsna
onpefenaTb Hanuyue razoBON UM XUAKOW dasbl B
TennoHocuTene B TOYKAxX KOHTPONS, pacnpegeneH-

Puc.1. Cxema ycTaHOBKM [ATYMKOB
CUTHANN3aTOPOB B CTEHAE
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Puc. 2. BropuuHblit npu6op CuUrHanuM3aTopa ypoBHA Ha cTeHAe (Ha NULEBON NaHenu B BUAE BEPTUKANbHOI
JIMHENKU pasMelyeHbl CBETOAMOAHbBIE UHAMKATOPbI, PErucTpupylolme Gas3oBbliili COCTaB TEMIOHOCUTENS B TOYKAX
KOHTpONA)

i il

0]

Puc.3. OtpaboTka npouecca M3MepeHuit BO BpeMs IKCMepUMEHTaNbHbIX paboT Ha cTeHpe

HbIX MO BbICOTE MOABEMHOrO yyacTKa CTeHAa ¢ warom 100 MM, B peanbHOM MacwTabe
BPEMEHH.

06was KapTMHA 3TUX HabnoaeHU cnepyowas. Mpyu yBeanYeHUN MOWHOCTU peak-
TOpa CBETOAMOAHAA WHAMKALMA CUrHanu3aTopa UKCMpyeT KpaTKOBPeMeHHOe BCKU-
naHue TennoHocutens B TBC akTMBHOM 30HbI U NOABNEHWE Napa B MOALEMHOM Y4acTKe
cTeHpa. locnenoBatenbHOe NepekntoyeHne CBeYeHNUs NUHENKN CBETOAMOA0B (CHU3Y
BBEpX) CBUAETENbCTBYET O MOABMAEHUM W BCMALITUM KaK MENKUX, TaK U KPYMHbIX Napo-
BbiX 00pa30BaHMI, NPOHMKAIOWMX BHYTPb YEXN0BON TPYObl faTuyMKa. XapaKTepHblii Bep-
TUKaNbHbI pa3mep My3bipeil, 3aMKCMPOBaHHbIA npubopamu, Obln B AManasoHe oOT
HECKONbKMX B0 COTEH MUAAMMETPOB. [1py 3TOM MHTerpanbHas OLeHKa KONMyecTBa Ten-
JIOHOCWTENs NOKasblBana «BCMNyYMBaHME» YPOBHA TEMJOHOCUTENSA.

Mo ncTeyeHUN HeCKONbKMX AECATKOB CEKyH[, BCNeACTBMUE MOBbIWEHUA JABNEHUA B
CUCTEME MpOLecC KUMEHUA NOCTENEHHO 3aMefianca M aKkTUBHOE napoobpa3oBaHue
npekpawanocs.

[BuxxeHne ny3bipeit napa yepes YyBCTBUTENbHbIE 31EMEHTbl AaT4MKa He CKa3blBa-
NI0Cb Ha MHTerpasnbHbIX NMOKa3aHWAX Npubopos 6narogaps NpUMeHEHHOMY S BblYMC-
NeHUA YPOBHA PEKYPCUBHOMY anropuTMy YCpefHeHUs JaHHbIX U anropuTMy Bbluucie-

45



BE3ONACHOCTb, HALEXXHOCTb 1 AINMATHOCTUKA A3Y

HWUS YPOBHSA MO HAXOXJEHMIO rpaHULLbl pa3fena Cpef Mexny BepXHUMU TOYKAMU KOHT-
pons, HaXoAAWMMUCA B NapoBOi dase, U TOYKAMU KOHTPONS, OCTAIOWMUMUCSA B BOAE.

Mpu cbpoce MOWHOCTM PeakTopa M B MPOLECCE PACXONAXMUBAHUA CBETOAMUOAHAS
WHAMKALMSA NOCNef0BaTeNbHLIM NEepeKIloyYeHneM CBEYEHNUS NINHEKU CBETOLMOAO0B
CBEPXYy BHU3 NMOKa3biBaNa [BUXKEHUE KOHAEHCATa Ha MOBEPXHOCTU YexNoBbiX TPy6 AaT-
YUKOB, 0BYCNOBNEHHOTO UHTEHCUBHOM KOHAEHCALMel napa Ha NoBEPXHOCTU BHYTPH-
PEaKTOPHbIX 3NEeMEHTOB NoJ, KPbILWKO peakTopHoro 6noka.

CornacHo nokasaHWsAM CBETOAMOAHbLIX MHAMKATOPOB CUTHANM3ATOPOB NPOUCXOAUN
3HAYNUTENbHbIN CTOK KOH[EHCATa Mo 4exnoBbiM TpybaM AATYMKOB C PACXOLOM He MeHee
0,1kr/c. Mo mepe pacxona)uBaHWUs, B TeYeHUe HECKONbKUX YACOB MHTEHCUBHOCTb
00pa3oBaH1s KOHAEHCATa NOCTENeHHO CHUKanack.

BbiweonucaHHble Gusnyeckne 3hHeKTsl Ha NEPEXOAHbIX PEXUMAX MPUBOAUAN K
MOBbIWEHHbIM KONEOAHUAM BbIXOAHbIX CUTHANOB CUrHanu3aTopos (B npepenax 5-7%),
nopasaembix B ACY cteHpa n B CY3 peaktopa (KonebaHus BbIXOLHbIX CUTHANOB 06YC-
NOBNIEHbl 33A€PIKKOMN XKMAKON (hasbl TEMNOHOCUTENS HA KOHYMKAX BOJHOBOAOB, hOpMU-
PYIOWMX KOHTPONMpyeMblit 06beM). s ux ycTpaHeHus Gbin pa3paboTaH peKypCUBHbIN
anropuTM ycpefHeHMs NokasaHuit npubopa BO BPpeMEHU C y4eTOM MH(OPMALUK, Bbi-
[laBaeMOi COCeAHUMU TOYKAMU KOHTPOJS.

InekTpoHHble 610kM CY nposy6ANpPOBaHbI M OCHALLEHbI CUCTEMOI CAMOKOHTPONSA U
0OHAPYXEHWUS BO3MOXHOTO BbIXOAA M3 CTPOS KOHTPOJIbHBIX TOYEK [AATYMKA, YTO UCKIIO-
YaeT M3MeHeHWe NoKasaHUin NPUOOPOB B Clyyae 0TKA3a /000K U3 TOYEK KOHTPONA UM
[la)Ke OHOTO W3 3IeKTPOHHbIX 6JIOKOB B LIENOM.

B npouecce TpexneTHel 3KCNyaTaLuMn CUrHaAM3aTOPoOB YPOBHS OTKA30B B 3NeEKT-
POHHbIX 6710Kax He GblN0 0bHapyxeHo. OgHako Gbin 3adMKcMpoBaH 0OpbIB Lenei nu-
TaHWA [BYX Nbe303/IeMEHTOB B COCTaBe AaTyuMKoB (BCero B paboTe Haxoaunoch 96
nbe3oanemeHToB). 0TKa3aBLIME TOYKU KOHTPONSA OblIN CKOPPEKTUPOBAHbI, U UX MOKa-
3aH1s He NoBAUANM Ha paboTy npubopos.

BbiBOAbI

CurHanusaTopbl ypoBHS paboTanu yaoOBNETBOPUTENBHO B COOTBETCTBUM C TEXHUYEC-
KWM 3afjlaHMeM Ha Npubop B TeYEHWE Tpex NeT.

B cTauMoHapHbIX pexuMax BbIXOLHbIE CUTHANbI ObIM CTABMAbHLI U COOTBETCTBOBA-
AU NOKa3aHWAM Jpyrux CPefCcTB KOHTPOAA CTeHAAd. 3aMeyaHuil K CUrHanam, nopaeae-
MbiM B cuctemy ACY u A3 cTeHpa, He Gblno.

B nepexoAHbIX pexumax CUTrHanU3aTopbl NO3BOASAM BECTM HAOMIOAEHUA 3a TEMso-
FMAPABINYECKMMM NPOLECCAMU B PeaKTOpe, CBA3AHHbIMU C 06pa3oBaHMeM MapoBoii
tasbl, B TOM YMC/Ie «BCMYyYMBAHUE» YPOBHS TEMJOHOCUTENS, ABUMKEHME NAPOBLIX 00pa-
30BaHUN, KOHJEHCcaLus.

Ha nepexofHbix pexuMax HabnoAanuCh NOBbIWEHHbIE KONEOAHWUS BbIXOLHbIX CUT-
HanoB curHanu3satopoB (B npegenax 5-7%), nogasaembix B ACY n A3 cTeHpa

MpuMeHeHne peKypCMBHOrO anropuTMa YCpeAHEHUs AaHHbIX U3MEpeHWUN B cocefl-
HUX TOYKAX KOHTPO/A BO BPEMEHM MO3BONUNO 3PGHEKTUBHO NOAABAATL KonebaHus
BbIXOJJHOFO CUTHaNa, BbI3BAHHOTO KUMEHWEM TENJIOHOCUTENA U CTEKAHUEM Kanenb B
npoLecce KOHAEHCALWK.
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fresnoite and perovskite, chemical durability of produced glasses was very high level, since
equilibrium leach rate of Eu was 3-107° g/m?day and of U was 4-10"° g/m?day.

VOK 546.212:541.12.012.3+534-14

Use of Generation of Acoustic Vibrations in Chemical Reaction and Properties of the Bubble Medium in Liquid to
Reveal through Defects in Claddings of Slugs with Sodium \ Titarenko N.N., Dvornikov P.A., Kovtun S.N., Polionov
V.P.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 8 pages, 5 illustrations. — References, 23 titles.

An opportunity to use the acoustic emission method to control micro-defects in the equipment
is considered. In particular, for the first time it is shown experimentally that while sodium is interacting
with water, the acoustic emission parameters are determined by the size of the interacting area for
reacting components of the reaction. It is assumed that the major source of acoustic emission in the
reaction of sodium interacting with water is generation of acoustic vibrations caused by phase
transitions of sodium hydroxide. The obtained data make it possible to design a high-efficient
system to control through defects in claddings of slugs with sodium.

V1K 621.039.534

The Investigation of the Acoustic Level Limit Switch of Coolant in the Integrated Stand of the KV-2 \ V.I. Melnikov,
V.V Ivanov, Yu.A. Kiselev, A.A. Kiselev, K.M. Miriasov; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013.
5 pages, 3 illustrations. — References, 4 titles.

The results of the level switch based on 24 point acoustic probes which monitored process into
the testing integrated unit KV-2 three-year operation was generalized. It has been estimated that
the developed level switch worked satisfactorily. They make possible monitoring the thermohydraulic
processes associated with vapor phase formation died to the increase of liquid level and steam
condensation into reactor.

VYK 004.42.001.5
Coolant Forecasting of Nuclear Reactors \ Malovik K.N., Nikishin V.V.; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) —
Obnibsk, 2013. 6 pages, 7 illustrations. — References, 15 titles.

The article considers analytic forecasting of coolant and its limit condition. Shown experimental
data of physical modeling of volumetric steam content via improvement of machine vision system.
Proposed using theory of dynamic trends for coolant forecasting of nuclear reactor.

VK 621.039.517

Technique and Software to Calculate Temperature Field in the System of Layered Cylindrical Fuel Elements \ Starkov
V.A., Marikhin N.Yu.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 9 pages, 2 tables, 4 illustrations. —
References, 5 titles.

A technique has been proposed and thermal conductivity problem has been solved analytically for the
system of layered cylindrical fuel elements. Based on the results, an algorithm and FORTRAN software for the
thermo—hydraulic calculation of a channel (THCC) have been developed to calculate the temperature field
and thermal flux density in a fuel assembly with layered cylindrical fuel elements. The software also provides
the calculation of the surface boiling onset temperatures on the fuel elements, critical fluxes and corresponding
thermotechnical margins. Two coolant circulation schemes are provided for a fuel assembly: straight flow
and Field tube. The results of the THCC calculations were compared with the analogous ones. A correlation
between the calculation results is shown as well as the advantages of the THCC software performance.

YIK 519.6:621.039.5
The Overimplicit Scheme of Incomplete Factorization Method for Solving the Three—-dimensional Diference Equations
of Elliptic Type \ N.M. Troyanova, V.P. Ginkin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 8 pages,
1 tables, 4 illustrations. — References, 8 titles.

The over—implicit scheme of the incomplete factorization method (IFM) is proposed for solving the
systems of linear algebraic equations that approximate the equations for neutron transport in the multigroup
diffusion approximation, and the variant of combined IFM schemes is proposed, in which the peripheral
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