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PaccMaTpuBaeTcs aHaUTUIECKOE TPOrHO3UPOBAHMNE TIPEE/IbHOTO COCTOAHNUA
TeroHocuTens. [lokasaHsl IKCIEPUMEHTaNbHLIE aHHbIE HUIUYECKOTO MO-
[leIMPOBAHUA U3MEPEHNUA 0OBEMHOTO MTAPOCOAEPKAHUA C TIOMOLLbI0 YCOBEP-
LIEHCTBOBAHHO CUCTEMBI TEXHUYECKOTO 3peHust. [Ipepnaraetcs mpuMeHeHune
TEOPUU OMHAMUYECKUX PALOB IJ1A MPOTHO3UPOBAHUA COCTOSAHUA TEIUIOHOCU-
Tessl ANEePHOrO PeaKTopa.
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BBEAEHME

B HacToAwWwee BpeMA aKTyanbHOCTb OLEHMBAHMA U NPOrHO3MPOBAHUA pecypca Agep-
HbIX peakTopoB (fP) noaTBepxpaaeTcs OKOHYAHMEM CPOKOB 3IKCMyaTalLUK 3HAYUTENb-
HOro yucna ob6opyfoBaHUA aTOMHbIX 3NEKTpoCTaHuUuin. metotca ceefenmns [1] o co-
34aHUM HOBbIX KOHCTPYKLMI sAepHbIX PeaKkTopoB, CPOK CYKObl KOTOPbIX MuaHWUpyeT-
cA oT 60-Tv net u Bhiwe. B cTaTbe nNpepnaraeTca NOAxo[ A/s NPOrHO3MPOBAHMA COCTO-
AHWUA TENIOHOCUTENA AAEPHbIX PEAKTOPOB, KOTOPbIA MOXET OblTb MCMONb30BAH HA 3Ta-
nax NMpPoOeKTUPOBaHMA M Pa3paboOTKM HOBbLIX PEAKTOPOB, a TaKXKe MCCNefoBaHUA aerpa-
OALMOHHBIX U PecypCHbIX OTKA30B.

Llenb nccnepoBaHma  ycoBeplIEHCTBOBAHWE MeTOAA NMPOrHO3MPOBAHUA COCTOAHMA
TennoHocutensa AP.

[ins pelweHus nocTaBNeHHO 3aaayun Heo6XoaMMO paccMOTpeTb GuU3nYecKoe Moae-
NIUPOBaAHNE M3MEPEHUA MApPaMeTPOB TEMJOHOCUTENA U UCCAEA0BATbL NOJYYEHHbIE 3KC-
NnepuMeHTasbHblE AaHHbIE.

OLIEHUBAHUE COCTOAHUA TENJIOHOCUTENA

06beKTOM MccnenoBaHua asnsetca TennoHocutens AP,

MeTon M3MepeHUs NapocofepKaHus ONTUYECKMiA, C MOMOLLbI0O KOMMbIOTEPHOTO
3peHus ans nochefywollein cneumanbHoil 06paboTku 1306paXKeHuii.

N3BecTtHo [1, 2], yto B AP Tna BBIP KuneHue He ponycKkaeTtcs, HO He UCK/ILOYAETCS
noaHocTbio. Bepytca usbickaHus no cospanuio AP, cpok 3akcnnyaTauuu KOTOpbIX MO-
XeT pocturate 60 1 6onee net. [Ins NoBbIWEHUA XapaKTEPUCTUK HAZEXKHOCTU U 6e30T-
kazHocTu A3C HeobX0aMMbl UCCNEAOBAHUA MO ONpPeAeNeHNI0 KOPEHHbBIX NPUYUH aer-
paflaLMOHHBIX U PECYpCHbIX 0TKa30B 060pyA0BaHWA TpyOGONpoBOAoB. s pelweHnus 3Tux
3a/la4 NPUMEHSAETCA ONTUYECKUIA METOJ, MOJIOXKEHHbI B OCHOBY paboTbl YCOBEPLIEHCTBO-
BaHHOI cucTembl TexHUYeckoro 3peHus (CT3) [3-5, 7-10], koTopblii NO3BONAET OLEHMBATD
06bEMHOE NapocoaepaHue TENIOHOCUTENS C BbICOKOW AOCTOBEPHOCTbIO.

© K.H.Manosuk,B.B. HukuwuHx, 2013

48



M3secTua syszos * ApnepHana aHepretmka * Nel « 2013

Moa 06bEMHBIM MAapPOCOAEPIKAHUEM pacCcMaTpPUBAETCsA OTHOWeHMe 06bEMA MapoBoil
ta3sbl kK cymme 06BbEMOB NapoBON W Xupakon das [6]:
— SG
V=5 s, (1)
roe Sg¢ M S; niowaan nonepyeHHOro cedeHns ra3oBoil cpeapl U XuaKoii dassl B KaHane
COOTBETCTBEHHO.

Tak Kak MeToj M3MepeHUs ONTUYECKMii, TO OH OCHOBLIBAETCA Ha aHanuse Ludpo-
BbIX M306paxeHuit (KagpoB), monyyeHHbIXx Bugeokamepon [8 12]. Kagp npepcrasnser
co6oii MaTpuLy, COCTOALYI0 U3 3EeMEeHTOB UK nukceneit (puc. 1 a), Kaxpabli U3 KoTo-
pbiX XapakTepusyeTcs Habopom mapameTpoB. OCHOBHbIMM MapameTpamu ABAAOTCA
KoopauHaTbl U apkocTb. KonuyecTBo nukcenei onpeaenseTcs paspeliaioliein cnocob-
HOCTbIO YYBCTBUTENIbHOTO 3/1eMeHTa BMAeOKaMepbl Npubopa C 3apsfoBOi CBA3bIO.

Ha nonyyaembix Kagpax M300paxeHune napoBbix Ny3blpeit COCTOUT U3 APKUX (OTHO-
cuTenbHo octanbHoro doHa) nukceneit (puc. 1 6). JIorM4yHO NPEANONOKUTL, YTO NPO-
CYMMWUPOBAB KOJIMYECTBO SPKUX MUKCENeil, MOXHO U3MepUTb NNoLaab, KOTOPYIO OHK
3aHMMalOT Ha Kaape. Bcs niowanb kagpa cooTBETCTBYET MPOEKLMM TOM YacTM IKCne-

PUMEHTA/IbHOIO0 KaHana, KOTOPYO 3aXBaTbiBAET BUAEOKaMepa.
Mukcenes

240

320 a)
Puc. 1. MpuHuun n3mepeHus napocopepxanus c nomoubto CT3

Takum 06pa3om, u3MepeHune 06LEMHOIO NapoCoOAEp}KaHUA PacCuUTLIBAETCS KOCBEH-
HO MO NNOWAAM NPOEKLMM NAPOBbLIX My3blpeil.

Ecnu cooTHecTn 310 3HauyeHMe KO BCel NIOWAAM Kaapa, TO MOMYYAEeTCA 3HAYeHWe napo-
COAEepXKaHUsi B 3aXBaTbiBAEMOIl BUAEOKAMePOM YacTu 3KCMepuMeHTanbHoro kaHana (1).

9KCNEPUMEHTAJ/IbHBIE AAHHbLIE

Ha pucyHke 2 npepcTaBieHbl NONYYEHHbIe pe3ynbTaThl U3MEpPeHUA No KaHanam Tem-
nepaTtypbl U BbIYMCIEHHOE C MOMOLLbIO CMEeLManu3MpoBaHHOro NpPoOrpaMmMHoOro obec-
neyeHus, exofsiiero B coctaB CT3 [5], 3HaueHUe 0O6BLEMHOIO NapocoaepKaHus.
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Puc. 2. JkcnepuMmeHTanbHble AaHHble HU3MYECKOTO MOAENMPOBAHUS MpoLecca U3MEpeHUs NapocofepaHus c
nomouibto CT3
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Ocb abcumcc cooTBETCTBYET HOMEPY W3MEPEHUSA, NPU KOTOPOM OMPOC CEHCOPOB
Temnepatypbl 1 Buaeokamepsbl CT3 obecneynBaeT nosyyeHue 30-Tn u3obpaxeHunii B
CEKyHAY.

OBPABOTKA 3KCNEPUMEHTAJIbHbIX AAHHbIX

Kak BuaHO M3 puc. 2, oueHnBaemoe 06bEMHOE NAapoOCOAEpIKaHNE XapaKTepusyercs
CKaYKaMu UM MynbCayMsamu, Nno3ToMy Heobxoanma GuNbTPALMUA NONYYEHHbIX 3HAYe-
Huit. unbTpauus 3HaYeHU MeaMaHHbIM DUALTPOM CO CKOMb3ALUIMM OKHOM pa3MepomM
30 n3mMepeHuit NO3BONAET 3TU NyNbCALUN CTNAAUTD.

Ha pucyHKke 3 npepcTaBneHbl oTGUAbTPOBAHHbIE 3HAYEHWUS 0OBEMHOrO mapocoaep-
XaHus, NOKa3aHHble Ha puc 2.
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MPOrHO3UPOBAHME COCTOAHUA TENJIOHOCUTENA

[ina peweHus 3agayn NPOrHO3MPOBAHUA COCTOAHMA TENAOHOCUTENA MO YPOBHIO
06bEMHOr0 Napocofep)aHus, N3MepseMoro oNnTMYeCKUM MeTOf0M, PpacCMOTPUM Mo-
NyYeHHble IKCNepUMeHTaNbHble AaHHble KaK pAA AuHamuku [13].

Pap AMHaMUKM 3TO 3HAYEHWA CTAaTUCTUYECKUX MOKasaTenel, KOTopble NpeAcTaBe-
Hbl B ONpPeAENeHHO XpoHonoruyeckoi nocnefosatensHoctTu. CywecTByioT aBa Bapu-
aHTa AMHAMUYECKUX PALJOB: UHTEPBA/bHLIA U MOMEHTHbIN.

N3meHeHMe BenUYMHbI 06BEMHOIO NAapoOCOAEpKaHUS ABNAETCA JUHAMUYECKUM MO-
MEHTHbIM PAAOM, OTPAXKAIOWMM 3HAYeHUA NoKasaTenei Ha onpeAeneHHbIn MOMEHT Bpe-
MeHMW (BaTy BpeMeHM).

[N KONMYeCTBEHHOTO OLEHWBAHWUA AUHAMUYECKUX PAAOB MCMONb3YIOT 6a3nCHble U
LenHble nokasatenu.

basucHble nokasaTenn xapakTepu3yoT UTOrOBbIN Pe3yNbTaT BCEX U3MEHEHWUIT B YpPOB-
HAX pAAa oT nepuopa 6a3uCHOro YpoBHsA 0 AaHHOro (i-ro) nepuoaa.

LienHble nokasatenu xapaKTepu3ylOT UHTEHCUBHOCTb M3MEHEHUA YPOBHA OT OJHO-
ro nepuoja K Apyromy B npefenax Toro NpoMexyTKka BPeMeHu, KOTOpblil nccnepyercs.
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Puc. 4. Tpaduk M3mMeHeHWs abConoTHOro 6asucHOro Mpupocta 06BLEMHOrO napocopepikaHus
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A6conioTHbI NPUPOCT BbIpaXKaeT abCoOMOTHYIO CKOPOCTb U3MEHEHUs pPsAa AUHAMMU-
KW W ONpefensieTcs Kak pasHoCTb MeXAy [AHHbIM YPOBHEM U YPOBHEM, MPUHATLIM 3a
6a3y cpaBHeHus:

Aigy =V, — VY, (2)
roe Wi u Wy ypoBHUM 06BEMHOTO NapocofepiKaHMs CPaBHMBAEMOro M Gas3nUCHOro ne-
pVMOLOB COOTBETCTBEHHO.

Kak BMAHO M3 puc. 4, rpaduk abCconOTHOro 6a3MCHOr0 NpPUMpPOCTa MPaKTUYECKH
MOMHOCTBIO MOBTOPSAET XapaKTep U3MeHeHUs 00BEMHOrO mapocofepxaHus. ITo cBs-
3aHO C TeM, yTo BennunHa ¥y npuHMMaeTcs paBHoOW HyMo Kak 6asosas B dopmyne (2).

PaccmoTpum xapaktep M3MeHeHUs abCOMIOTHOrO LLenHOro NpMpocTa.

A6conoTHbIN NpUpoCT Ajy) C nepemeHHoil 6a30it (LenHoit), KOTOPbIA Ha3biBaKT
CKOPOCTbIO POCTa, PACCYMTHIBAETCA MO COCEAHUM MAPaM U3MEPEHHbIX BEINYMH:

Af(u) =V~ (3)
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Puc. 5. Tpaduk n3MeHeHUss aBGCOMIOTHOTO LEMHOro NpUMpocTa 06BLEMHOrO NapoCOAEpXKaHUsA

®u3nyeckmnii cMmbicn abCONIOTHOTO LIEMHOTO NMPUPOCTA  MFHOBEHHAs CKOPOCTb M3-
MeHeHWUs 00bEMHOro nmapocoaepiaHus. M3 pucyHka 5 BUAHO 4TO 0OBEMHOE Mapoco-
LEepXKaHne N3MeHAET CBOK BENIMYMHY He TONbKO KONMUYECTBEHHO, HO U KA4YeCTBEHHO
CKOPOCTb MMEEeT KaK MOJOXUTEeNbHbIE, TaK M OTpuULaTeNbHble 3HAYEHUA, YTO TOBOPUT O
CKaykoobpa3HoM mpouecce. MoXHO TakXe BUAETb, YTO MTHOBEHHAS CKOPOCTb pocTa
00BbEMHOrO NapoCofiepXaHnusa Ha NPOTSKEHWN BCETO IKCMepMMeHTa He MpeBbilaeTt
0,6%.

Takum 06pa3oM, abCONIOTHbINA LIeNHOW NPUPOCT YA0OHO MCMONb30BaTh /1A OLEHM-
BaHWUA TeKyllei HecTabunbHOCTU COCTOSHUA TENOHOCUTENS.

A6contoTHbIN 6a3UCHBIA MPUPOCT MOXHO WCMONb30BaTh AJS MPOrHO3MPOBAHMUA
npenenbHoro COCTOAHMA TENNIOHOCUTENS, KOTOPOEe YCTaHAaBAMBAETCA 3IKCNEPTOM.

Ha pucyHke 6 nokasaHbl UCXOAHble AAHHbIE U3MEPEHHOro 06BEMHOrO napocoaep-
XaHusa ¢ nomouwbto CT3. [na NporHo3MpoBaHMA COCTOAHUA TEMJOHOCUTENA UCNONb3Y-
eTCs Cnocob, NoKasaHHbli B [14].

Ona uancrTpaymm BO3MOXHOCTU NMPUMEHEHUA NPeAiaraemoro noAxoAa nokasad
YCNOBHbI Npefen 06béMHOro napocofepkanu Wopeq = 5%, T.€. CTaBUTCA 3ajada on-
pefieNeHns BpeMeHu, HeoOXOANMOro TENJIOHOCUTEN0 AN AOCTUXKEHUS YPOBHA 0OBEM-
Horo napocogepxaHua B 5%. Ha 3Tane uccnefoBaHWA U 3KCNEPUMEHTOB YPOBEHb
NpeaenbHOro COCTOAHMA YCTaHaBAMBAETCSA IKCMEPTOM UCXOAA U3 OCHOBHOMW 3ajayw
(HeponyleHMe KMNEHUA, COCTOAHME KUMEHUA C HEKOTOPbIM YPOBHEM Napocofepka-
HUA U T.0.).

MokaxkeM NnpsMyto, NPOBEAEHHYI0 U3 HAaYaNbHOrO MOMEHTa BpeMeHu. Ha pucyHke 6 BbIO-
paHbl [1Be TOYKM, AN KOTOPbIX HaXOAMTCA abCONMOTHbLIA NPUPOCT. Yron HaknoHa NpsMoi
MOXHO PaccyuTaTh, UCMONb3Ys BEUYMHY aBCONOTHOrO 6A3MCHOro MpMpoCTa.
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Ai
tgo=—>, (4)

roe At — WHTepBan, COOTBETCTBYIOLLMI Pa3HOCTU MeXay BpPeMeHeM, B KOTOPOM GepéT-
cA abCoNIOTHBIA Ga3UCHbI NPUMPOCT, M BpeMeHeM, B KOTOPOM 3aduKcMpoBaHo 6asuc-
HOe 3HauyeHue.

Kak BMOHO M3 puUCyHKa, MpolLiecc pocTa 06BbEMHOrO NAapoCoAepKaHNUs XOpOoLWo MH-
TepnonnpyeTcs NpsMoi, NO3TOMY A8 ABYX Pa3HblX TOYEK Yrofl HakIoHa MOXeT ObiTb
NPUHAT OJMHAKOBbLIM. B CBA3M C 3TUM NpaKTMYECKM HEBAXHO, B KAKOW TOYKe onpefe-
nseTcs abCoNOTHBIA NpUPOCT.
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Puc. 6. MporHo3MpoBaHne COCTOSIHWUE TEMNOHOCUTENS

Ecnv npoanuTh npsAMylo [0 NEpeceyeHus C YCTAHOBJIEHHbIM PaHEE MpefesibHbIM
YypOBHEM 00BEMHOr0 NapocofepyaHus, TO MOXHO NOJAYYUTL OPUEHTUPOBOYHOE Bpe-
Ms, KOTOpOe HeoOXOAMMO TENNOHOCUTEND A1 Nepexofa B 3TO COCTOSHUA C MOMEHTa
Hayana pocTa napocoaepxauus [14].

Wcnonb3ys Takon mopxod, MOXHO MOAYYUTb HECKONBLKO MPAMBIX, UMEWNX He-
KOTOpbI Mana3oH YrioB HAKI0HA, @ COOTBETCTBEHHO, U HEKOTOPLI AMana3oH npo-
FHO3MpPyeMblX MOMEHTOB BpeMeHU. Toraa MoryT 6biTb ABa NpeAenbHbIX Clyyas — Tak
Ha3blBaeMble neccumMucmuyeckul n onmumucmuyeckull NporHo3bl [15], nokasaHHble
Ha puc. 7.

MeccMMUCTMYECKNI NPOFHO3 COOTBETCTBYET ObICTPOMY Nepexofy TENI0HOCUTENS
B NpefefbHOe COCTOAHUS, ONTUMUCTUYECKUI MEANEHHOMY.
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Puc. 7. OnTUMMUCTNYECKUA U NECCUMUCTUYECKUIA MPOrHO3bI

BbiBOA

MpepnaraeTcs yCOBEPLWEHCTBOBAHHbIA Ha 6a3e TeOpUM AMHAMUYECKUX PALJOB MOA-
XOf, ANl NPOTrHO3MPOBAHUA COCTOAHMS TEMNOHOCUTENS NMPU NPOEKTUPOBAHUU AREPHBIX
PEaKTOPOB HOBbIX MOKONEHWIA. ITOT NOAXOA TaKXKe MOXKeT ObiTb MCNONb30BaH AN UC-
CNnefoBaHus AerpafiaLnoHHbIX U PECYPCHbIX OTKA30B.
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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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